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APEX 20KC Programmable Logic Device Data Sheet

MegaLAB Structure

APEX 20KC devices are constructed from a series of MegaLAB™
structures. Each MegaLAB structure contains 16 logic array blocks (LABs),
one ESB, and a MegaL AB interconnect, which routes signals within the
MegaL AB structure. In EP20K1000C devices, MegaL AB structures
contain 24 LABs. Signals are routed between MegaLLAB structures and
1/0 pins via the FastTrack interconnect. In addition, edge LABs can be
driven by I/O pins through the local interconnect. Figure 2 shows the
MegalLAB structure.

Figure 2. MegalAB Structure
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Logic Array Block

Each LAB consists of 10 LEs, the LEs” associated carry and cascade chains,
LAB control signals, and the local interconnect. The local interconnect
transfers signals between LEs in the same or adjacent LABs, IOEs, or ESBs.
The Quartus Il Compiler places associated logic within an LAB or adjacent
LABs, allowing the use of a fast local interconnect for high performance.
Figure 3 shows the APEX 20KC LAB.

APEX 20KC devices use an interleaved LAB structure. This structure
allows each LE to drive two local interconnect areas, minimizing the use
of the MegalLAB and FastTrack interconnect and providing higher
performance and flexibility. Each LE can drive 29 other LEs through the
fast local interconnect.
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The APEX 20KC 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 20KC architecture
to implement high-speed counters, adders, and comparators of arbitrary
width. Carry chain logic can be created automatically by the Quartus II
Compiler during design processing, or manually by the designer during
design entry. Parameterized functions such as DesignWare functions
from Synopsys and library of parameterized modules (LPM) functions
automatically take advantage of carry chains for the appropriate
functions.

The Quartus II Compiler creates carry chains longer than ten LEs by
automatically linking LABs together. 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
MegalLAB 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, MegaLLAB, or FastTrack
interconnect routing structures.

Altera Corporation 13
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Normal Mode

The normal mode is suitable for general logic applications, combinatorial
functions, or wide decoding functions that can take advantage of a
cascade chain. In normal mode, four data inputs from the LAB local
interconnect and the carry-in are inputs to a four-input LUT. The
Quartus I Compiler automatically selects the carry-in or the DATA3 signal
as one of the inputs to the LUT. The LUT output can be combined with the
cascade-in signal to form a cascade chain through the cascade-out signal.
LEs in normal mode support packed registers.

Arithmetic Mode

The arithmetic mode is ideal for implementing adders, accumulators, and
comparators. An LE in arithmetic mode uses two 3-input LUTs. One LUT
computes a three-input function; the other generates a carry output. As
shown in Figure 8, the first LUT uses the carry-in signal and two data
inputs from the LAB local interconnect to generate a combinatorial or
registered output. For example, when implementing an adder, this output
is the sum of three signals: DATA1, DATA2, and carry-in. The second LUT
uses the same three signals to generate a carry-out signal, thereby creating
a carry chain. The arithmetic mode also supports simultaneous use of the
cascade chain. LEs in arithmetic mode can drive out registered and
unregistered versions of the LUT output.

The Quartus II software implements parameterized functions that use the
arithmetic mode automatically where appropriate; the designer does not
need to specify how the carry chain will be used.

Counter Mode

The counter mode offers clock enable, counter enable, synchronous
up/down control, synchronous clear, and synchronous load options. The
counter enable and synchronous up/down control signals are generated
from the data inputs of the LAB local interconnect. The synchronous clear
and synchronous load options are LAB-wide signals that affect all
registers in the LAB. Consequently, if any of the LEs in an LAB use the
counter mode, other LEs in that LAB must be used as part of the same
counter or be used for a combinatorial function. The Quartus II software
automatically places any registers that are not used by the counter into
other LABs.

Altera Corporation
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Figure 9. APEX 20KC 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 MegaLLAB 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 MegaLLAB structures.

20 Altera Corporation
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Input/Qutput 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)
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Note to Figure 21:
(1) Allregisters can be cleared asynchronously by ESB local interconnect signals, global signals, or the chip-wide reset.
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Figure 25. APEX 20KC Bidirectional I/0 Registers
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Notes to Figure 25:
(1) This programmable delay has four settings: off and three levels of delay.
(2) The output enable and input registers are LE registers in the LAB adjacent to the bidirectional pin.

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,
MegaLAB, row, and column interconnect; a column IOE can drive the
column interconnect. Figure 26 shows how a row IOE connects to the
interconnect.

Figure 26. Row I0E Connection to the Interconnect
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Clock Multiplication

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

Clock Phase & Delay Adjustment

The APEX 20KC 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

All APEX 20KC devices support differential LVDS buffers on the input
and output clock signals that interface with external devices. This is
controlled in the Quartus II software by assigning the clock pins with an
LVDS I/0O standard assignment.

Two high-speed 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 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 EP20K400C and larger devices for high-speed LVDS
interfacing.

Lock Signals

The APEX 20KC 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.

Altera Corporation 47
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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 20KC ClockLock and ClockBoost circuitry will
lock onto the clock during configuration. The circuit will be ready for use
immediately after configuration. In APEX 20KC 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 29 shows the incoming and generated
clock specifications.

= For more information on ClockLock and ClockBoost circuitry,
see Application Note 115: Using the ClockLock and ClockBoost PLL
Features in APEX Devices.

Figure 29. Specifications for the Incoming & Generated Clocks

The t; parameter refers to the nominal input clock period; the ty parameter refers to the
nominal output clock period.
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Note to Figure 29:
(1) Rise and fall times are measured from 10% to 90%.
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Table 12. APEX 20KC Clock Input & Output Parameters (Part20f2)  Note (1)

Symbol Parameter 1/0 Standard -7 Speed Grade | -8 Speed Grade | Units
Min Max Min Max

ferock1_ext | Output clock frequency for 3.3-V LVTTL (5) (5) (5) (5) MHz

external clock1 output 25-V LVTTL (5) (5) (5) (5) MHz

1.8-V LVTTL (5) (5) (5) (5) MHz

GTL+ (5) (5) (5) (5) MHz

SSTL-2 Class | (5) (5) (5) (5) MHz

SSTL-2 Class I (5) (5) (5) (5) MHz

SSTL-3 Class | (5) (5) (5) (5) MHz

SSTL-3 Class Il (5) (5) (5) (5) MHz

LVDS (5) (5) (5) (5) MHz

fin Input clock frequency 3.3-V LVTTL (5) (5) (5) (5) MHz

2.5-V LVTTL (5) (5) (5) (5) MHz

1.8-V LVTTL (5) (5) (5) (5) MHz

GTL+ (5) (5) (5) (5) MHz

SSTL-2 Class | (5) (5) (5) (5) MHz

SSTL-2 Class Il (5) (5) (5) (5) MHz

SSTL-3 Class | (5) (5) (5) (5) MHz

SSTL-3 Class Il (5) (5) (5) (5) MHz

LVDS (5) (5) (5) (5) MHz

Notes to Tables 11 and 12:

(1) Allinput clock specifications must be met. The PLL may not lock onto an incoming clock if the clock specifications
are not met, creating an erroneous clock within the device.

(2) The maximum lock time is 40 ps or 2,000 input clock cycles, whichever occurs first.

(3) Before configuration, the PLL circuits are disable and powered down. During configuration, the PLLs remain
disabled. The PLLs begin to lock once the device is in the user mode. If the clock enable feature is used, lock begins
once the CLKLK_ENA pin goes high in user mode.

(4) The PLL VCO operating range is 200 MHz < fy,o < 840 MHz for LVDS mode.

(5) Contact Altera Applications for information on these parameters.

SignalTap
Embedded

Logic Analyzer

50

APEX 20KC devices include device enhancements to support the
SignalTap embedded logic analyzer. By including this circuitry, the
APEX 20KC device provides the ability to monitor design operation over
a period of time through the IEEE Std. 1149.1 (JTAG) circuitry; a designer
can analyze internal logic at speed without bringing internal signals to the
1/0 pins. This feature is particularly important for advanced packages
such as FineLine BGA packages because adding a connection to a pin
during the debugging process can be difficult after a board is designed
and manufactured.

Altera Corporation
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IEEE Std.

All APEX 20KC devices provide JTAG BST circuitry that complies with

the IEEE Std. 1149.1-1990 specification. JTAG boundary-scan testing can
1149.1 (JTAG)

be performed before or after configuration, but not during configuration.

- 20 evices can also use the ] ort for configuration with the
oun arv can APEX 20KC d 1 he JTAG port f fig h th

Support

Quartus II software or with hardware using either Jam Files (.jam) or Jam
Byte-Code Files (.jbc). Finally, APEX 20KC devices use the JTAG port to
monitor the logic operation of the device with the SignalTap embedded
logic analyzer. APEX 20KC devices support the JTAG instructions shown
in Table 13.

Table 13. APEX 20KC JTAG Instructions

JTAG Instruction

Description

SAMPLE/PRELOAD

Allows a snapshot of signals at the device pins to be captured and examined during
normal device operation, and permits an initial data pattern to be output at the device pins.
Also used by the SignalTap embedded logic analyzer.

EXTEST Allows the external circuitry and board-level interconnections to be tested by forcing a test
pattern at the output pins and capturing test results at the input pins.

BYPASS Places the 1-bit bypass register between the TDI and TDO pins, which allows the BST data
to pass synchronously through selected devices to adjacent devices during normal device
operation.

USERCODE Selects the 32-bit USERCODE register and places it between the TDI and TDO pins,
allowing the USERCODE to be serially shifted out of TDO.

IDCODE Selects the IDCODE register and places it between TDI and TDO, allowing the IDCODE

to be serially shifted out of TDO.

ICR Instructions

Used when configuring an APEX 20KC device via the JTAG port with a MasterBlaster™
or ByteBlasterMV™ download cable, or when using a Jam File or Jam Byte-Code File via
an embedded processor.

SignalTap
Instructions

Monitors internal device operation with the SignalTap embedded logic analyzer.

Altera Corporation
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The APEX 20KC device instruction register length is 10 bits. The
APEX 20KC device USERCODE register length is 32 bits. Tables 14 and 15
show the boundary-scan register length and device IDCODE information

for APEX 20KC devices.
Table 14. APEX 20KC Boundary-Scan Register Length
Device Boundary-Scan Register Length
EP20K200C 1,164
EP20K400C 1,506
EP20K600C 1,806
EP20K1000C 2,190
Table 15. 32-Bit APEX 20KC Device IDCODE
Device IDCODE (32 Bits) (7)
Version Part Number (16 Bits) Manufacturer 1 (1 Bit)
(4 Bits) Identity (11 Bits) 2)
EP20K200C 0000 1000 0010 0000 0000 000 0110 1110 1
EP20K400C 0000 1000 0100 0000 0000 000 0110 1110 1
EP20K600C 0000 1000 0110 0000 0000 000 0110 1110 1
EP20K1000C 0000 1001 0000 0000 0000 000 0110 1110 1

Notes to Table 15:

(1)  The most significant bit (MSB) is on the left.
(2) The IDCODE's least significant bit (LSB) is always 1.

52

Figure 30 shows the timing requirements for the JTAG signals.
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Table 24. 1.8-V I/0 Specifications

Symbol Parameter Conditions Minimum Maximum Units
Veeio Output supply 1.7 1.9 \
voltage
ViH High-level input 0.65 x Vecio Veeio + 0.3 \
voltage
ViL Low-level input 0.35 x Veeio \Y
voltage
I Input pin leakage Vin=0Vor33V -10 10 nA
current
Vou High-level output loy=—2mA (1) Vecio —0.45 \
voltage
VoL Low-level output loL=2mA (2) 0.45 \
voltage
Table 25. 3.3-V PCI Specifications
Symbol Parameter Conditions Minimum | Typical | Maximum | Units
Veeio I/0 supply voltage 3.0 3.3 3.6 \
ViH High-level input 0.5 x Vecio Veeio + 0.5 \
voltage
ViL Low-level input -0.5 0.3 x Vegio \
voltage
I Input pin leakage 0<Vin<Vecio -10 10 pA
current
Vou High-level output loyT =—500 LA 0.9 x Veeio \
voltage
VoL Low-level output louT = 1,500 pA 0.1 x Veeio Vv
voltage
58 Altera Corporation
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Table 28. GTL+ l/0 Specifications

Symbol Parameter Conditions Minimum | Typical | Maximum | Units
Vit Termination voltage 1.35 1.5 1.65 \"
VRErF Reference voltage 0.88 1.0 1.12 \
V4 High-level input VRgeg + 0.1 \

voltage
ViL Low-level input Vger — 0.1 \"
voltage
VoL Low-level output loL =36 mA (2) 0.65 \Y
voltage
Table 29. SSTL-2 Class | Specifications
Symbol Parameter Conditions Minimum | Typical | Maximum | Units
Vecio I/0 supply voltage 2.375 25 2.625 \
Vit Termination voltage VRer — 0.04 VRer Vger + 0.04 \"
VREF Reference voltage 1.15 1.25 1.35 v
V4 High-level input Vgeg + 0.18 Veeio + 0.3 \
voltage

Vi Low-level input -0.3 Vger —0.18 \
voltage

Vou High-level output loy =-7.6 mA (1) Vi1 +0.57 \%
voltage

VoL Low-level output lo,=7.6mA (2) Vi1 -0.57 \
voltage
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Figure 31. Output Drive Characteristics of APEX 20KC Devices
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Timing Model

Altera Corporation

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.

Figure 32 shows the fj 14 x timing model for APEX 20KC devices.

Figure 32. fyax Timing Model
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Figures 33 and 34 show the asynchronous and synchronous
timingwaveforms, respectively, for the ESB macroparameters in Table 37.
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Table 42. APEX 20KC Selectable I/0 Standard Input Adder Delays (Part2 of2)  Note (1)
Symbol Parameter Condition

LVDS Input adder delay for the LVDS 1/O standard

CTT Input adder delay for the CTT I/O standard

AGP Input adder delay for the AGP I/O standard

Table 43. APEX 20KC Selectable 1/0 Standard Output Adder Delays  Note (1)
Symbol Parameter Condition

LVCMOS Output adder delay for the LVCMOS 1/O standard

LVTTL Output adder delay for the LVTTL I/O standard Cload = 35 pF
Rup = 564.5 Q
Rdn =430 Q (2)

25V Output adder delay for the 2.5-V I/O standard Cload = 35 pF
Rup = 450 O
Rdn =450 Q (2)

1.8V Output adder delay for the 1.8-V I/O standard Cload = 35 pF
Rup =520 Q
Rdn =480 Q (2)

PCI Output adder delay for the PCI I/O standard Cload = 10 pF
Rup=1M Q
Rdn=250Q (2)

GTl+ Output adder delay for the GTL+ I/O standard Cload = 30 pF
Rup=25Q (2)

SSTL-3 Class | Output adder delay for the SSTL-3 Class | I/0O standard | Cload1 = 0 pF
Cload2 = 30 pF
R=25Q (2)

SSTL-3 Class Il Output adder delay for the SSTL-3 Class Il I/O standard | Cload1 = 0 pF
Cload2 = 30 pF
R=25Q(2)

SSTL-2 Class | Output adder delay for the SSTL-2 Class | I/O standard

SSTL-2 Class Il Output adder delay for the SSTL-2 Class Il I/0 standard

LVDS Output adder delay for the LVDS /O standard Cload = 4 pF
R=100 Q (2)

CTT Output adder delay for the CTT I/O standard

AGP Output adder delay for the AGP 1/O standard

Note to Tables 42 and 43:
(1) These delays report the differences in delays for different I/O standards. Add the delay for the I/O standard that

is used to the external timing parameters.
(2)  See Figure 36 for more information.
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Table 53. EP20K400C Minimum Pulse Width Timing Parameters

Symbol -7 Speed Grade -8 Speed Grade -9 Speed Grade Unit
Min Max Min Max Min Max
toH 1.33 1.66 2.00 ns
tor 1.33 1.66 2.00 ns
tcLrp 0.20 0.20 0.20 ns
trreP 0.20 0.20 0.20 ns
tesaeH 1.33 1.66 2.00 ns
tesecr 1.33 1.66 2.00 ns
tesBwP 1.05 1.28 1.44 ns
teserP 0.87 1.06 1.19 ns

Table 54. EP20K400C External Timing Parameters

Symbol -7 Speed Grade -8 Speed Grade -9 Speed Grade Unit
Min Max Min Max Min Max
t|NSU 1.37 1.52 1.64 ns
tiNH 0.00 0.00 0.00 ns
tOUTCO 2.00 4.25 2.00 4.61 2.00 5.03 ns
tINSUPLL 0.80 0.91 - ns
thHPLL 0.00 0.00 - ns
tOUTCOPLL 0.50 2.27 0.50 2.55 - - ns

78 Altera Corporation



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

tinsusiDIR 2.03 257 2.97 ns
tinHBIDIR 0.00 0.00 0.00 ns
touTCORBIDIR 2.00 429 2.00 477 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 fy,y LE Timing Microparameters

Symbol -7 Speed Grade -8 Speed Grade -9 Speed Grade Unit
Min Max Min Max Min Max
tsy 0.01 0.01 0.01 ns
ty 0.10 0.10 0.10 ns
tco 0.27 0.30 0.32 ns
tur 0.66 0.79 0.92 ns
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