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APEX 20KC Programmable Logic Device Data Sheet

Preliminary Information

Table 4. APEX 20KC FineLine BGA Package Options & 1/0 Count Notes (1), (2)
Device 144 Pin 324 Pin 484 Pin 672 Pin 1,020 Pin

EP20K100C 93 246
EP20K200C 376 376
EP20K400C 488 (3)
EP20K600C 508 (3) 588
EP20K1000C 508 (3) 708
EP20K1500C 808

Notes to tables:

(1) I1/0 counts include dedicated input and clock pins.

(2) APEX20KC device package types include thin quad flat pack (TQFP), plastic quad flat pack (PQFP), power quad
flat pack (RQFP), 1.27-mm pitch ball-grid array (BGA), and 1.00-mm pitch FineLine BGA packages.

(3) This device uses a thermally enhanced package, which is taller than the regular package. Consult the Altera Device
Package Information Data Sheet for detailed package size information.

Table 5. APEX 20KC QFP & BGA Package Sizes

Feature 144-Pin TQFP | 208-Pin PQFP | 240-Pin PQFP | 356-Pin BGA 652-Pin BGA
Pitch (mm) 0.50 0.50 0.50 1.27 1.27
Area (mm?) 484 924 1,218 1,225 2,025
Length x Width 22.0x22.0 30.4 x 30.4 34.9x 34.9 35.0 x 35.0 45.0 x 45.0
(mm x mm)
Table 6. APEX 20KC FineLine BGA Package Sizes

Feature 144 Pin 324 Pin 484 Pin 672 Pin 1,020 Pin
Pitch (mm) 1.00 1.00 1.00 1.00 1.00
Area (mm?) 169 361 529 729 1,089
Length x Width (mm x mm) 13 x 13 19x 19 23 x 23 27 x 27 33 x 33
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Table 7. APEX 20KC Device Features (Part2 of 2)

Feature APEX 20KC Devices

I/O standard support 1.8-V, 2.5-V, 3.3-V, 5.0-V I/O

3.3-V PCl and PCI-X

3.3-V AGP

CTT

GTL+

LVCMOS

LVTTL

True-LVDS™ and LVPECL data pins (in
EP20K400C and larger devices)

LVDS and LVPECL clock pins (in all devices)
LVDS and LVPECL data pins up to 156 Mbps
(in all devices)

HSTL Class |

PCI-X

SSTL-2 Class | and Il

SSTL-3 Class | and Il

Memory support CAM
Dual-port RAM
FIFO
RAM
ROM

All APEX 20KC 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 20KC devices can be configured on the board for the
specific functionality required.

APEX 20KC 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 EPC16,
EPC2, and EPC1 configuration devices, which configure APEX 20KC
devices via a serial data stream. Moreover, APEX 20KC devices contain an
optimized interface that permits microprocessors to configure

APEX 20KC devices serially or in parallel, and synchronously or
asynchronously. The interface also enables microprocessors to treat
APEX 20KC devices as memory and configure the device by writing to a
virtual memory location, making reconfiguration easy.
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Figure 3. LAB Structure
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Each LAB contains dedicated logic for driving control signals to its LEs
and ESBs. The control signals include clock, clock enable, asynchronous
clear, asynchronous preset, asynchronous load, synchronous clear, and
synchronous load signals. A maximum of six control signals can be used
ata time. Although synchronous load and clear signals are generally used
when implementing counters, they can also be used with other functions.

Each LAB can use two clocks and two clock enable signals. Each LAB’s
clock and clock enable signals are linked (e.g., any LE in a particular LAB
using CLK1 will also use CLKENA1L). LEs with the same clock but different
clock enable signals either use both clock signals in one LAB or are placed
into separate LABs.

If both the rising and falling edges of a clock are used in a LAB, both LAB-
wide clock signals are used.

Altera Corporation



APEX 20KC Programmable Logic Device Data Sheet Preliminary Information

Figure 6. APEX 20KC Carry Chain
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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: DATAL, 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 I 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.
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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 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 MegaLAB
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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Input/Output 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  Noie (1)
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(1) Allregisters can be cleared asynchronously by ESB local interconnect signals, global signals, or the chip-wide reset.
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The Quartus II Compiler uses the programmable inversion option to
invert signals from the row and column interconnect automatically where
appropriate. Because the APEX 20KC IOE offers one output enable per
pin, the Quartus I Compiler can emulate open-drain operation efficiently.

The APEX 20KC 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.

Table 9 describes the APEX 20KC programmable delays and their logic
options in the Quartus II software.

Table 9. APEX 20KC Programmable Delay Chains

Programmable Delay Quartus Il Logic Option
Input pin to core delay Decrease input delay to internal cells
Input pin to input register delay Decrease input delay to input registers
Core to output register delay Decrease input delay to output register
Output register tgg delay Increase delay to output pin
Clock enable delay Increase clock enable delay

The Quartus II Compiler can program these delays automatically to
minimize setup time while providing a zero hold time.

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.
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Each IOE drives a row, column, MegalLAB, 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 IOE Connection to the Interconnect
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ClockLock &
ClockBoost
Features

44

Open-drain output pins on APEX 20KC devices (with a series resistor and
a pull-up resistor to the 5.0-V supply) can drive 5.0-V CMOS input pins
that require a Vi of 3.5 V. When the pin is inactive, the trace will be
pulled up to 5.0 V by the resistor. The open-drain pin will only drive low
or tri-state; it will never drive high. The rise time is dependent on the
value of the pull-up resistor and load impedance. The Iy current
specification should be considered when selecting a pull-up resistor.

APEX 20KC 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 20KC 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 20KC device’s high-speed clock to provide significant
improvements in system performance and bandwidth. APEX 20KC
devices in -7 and -8 speed grades include the ClockLock feature.

The ClockLock and ClockBoost features in APEX 20KC devices are
enabled through the Quartus II software. External devices are not
required to use these features.

APEX 20KC ClockLock Feature

APEX 20KC devices include up to four PLLs, which can be used
independently. Two PLLs are designed for either general-purpose use or
LVDS use (on devices that support LVDS I/O pins). The remaining two
PLLs are designed for general-purpose use. The EP20K100C and
EP20K200C devices have two PLLs; the EP20K400C and larger devices
have four PLLs.

The following sections describe some of the features offered by the
APEX 20KC PLLs.

External PLL Feedback

The ClockLock circuit’s output can be driven off-chip to clock other
devices in the system; further, the feedback loop of the PLL can be routed
off-chip. This feature allows the designer to exercise fine control over the
I/0 interface between the APEX 20KC device and another high-speed
device, such as SDRAM.
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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.

s 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 to parameter refers to the
nominal output clock period.
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(1) Rise and fall times are measured from 10% to 90%.
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Generic Testing

Operating
Conditions

Each APEX 20KC device is functionally tested. Complete testing of each

configurable SRAM bit and all logic functionality ensures 100% yield.
AC test measurements for APEX 20KC devices are made under
conditions equivalent to those shown in Figure 31. Multiple test patterns
can be used to configure devices during all stages of the production flow.
AC test criteria include:

Power supply transients can affect ACmeasurements.
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.

Figure 31. APEX 20KC AC Test Conditions
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Tables 17 through 20 provide information on absolute maximum ratings,
recommended operating conditions, DC operating conditions, and
capacitance for 1.8-V APEX 20KC devices.

Table 17. APEX 20KC Device Absolute Maximum Ratings Note (1)

Symbol Parameter Conditions Min Max Unit
Veaint | Supply voltage With respect to ground (2) -0.5 2.5 Vv
Vceio -0.5 4.6 Vv
\ DC input voltage -0.5 4.6 Vv
louT DC output current, per pin -25 25 mA
Tstg | Storage temperature No bias —65 150 °C
Tave |Ambient temperature Under bias —65 135 °C
Ty Junction temperature PQFP, RQFP, TQFP, and BGA 135 °C

packages, under bias

Ceramic PGA packages, under bias 150 °C
52 Altera Corporation
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Table 28. GTL+ 1/0 Specifications

Symbol Parameter Conditions Minimum | Typical | Maximum | Units
Vit Termination voltage 1.35 1.5 1.65 \
VRer Reference voltage 0.88 1.0 1.12 Vv
ViH High-level input Vger + 0.1 \

voltage
A Low-level input Vger — 0.1 \Y
voltage
VoL Low-level output lo. =36 mA (2) 0.65 \
voltage
Table 29. SSTL-2 Class | Specifications
Symbol Parameter Conditions Minimum | Typical | Maximum | Units
Voo I/O supply voltage 2.375 25 2.625 \'%
Vit Termination voltage Vger —0.04 VRErF VRer + 0.04 \'%
VRer Reference voltage 1.15 1.25 1.35 \
ViH High-level input Vger + 0.18 Veeio +0.3 \"
voltage

ViL Low-level input -0.3 Vger —0.18 \Y
voltage

Vou High-level output loy=-7.6 mA (1) V714 0.57 \'%
voltage

VoL Low-level output loL=7.6mA (2) Vi1t —-0.57 \Y
voltage
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Table 34. LVPECL Specifications

Symbol Parameter Minimum Typical Maximum Units

Veeio Output Supply 3.135 3.3 3.465 \
Voltage

ViH Low-level input 1300 1700 mV
voltage

ViL High-level input 2100 2600 mV
voltage

VoH Low-level output 1450 1650 mV
voltage

VoL High-level output 2275 2420 mV
voltage

Vip Input voltage 400 600 950 mV
differential

Vop Output voltage 625 800 950 mV
differential

t, b Rise/fall time 85 325 ps
(20 to 80%)

tbskew Differential skew 25 ps

to Output load 150 Q

Ry Receiver differential 100 Q
input resistor

Table 35. 3.3-V AGP 1/0 Specifications
Symbol Parameter Conditions Minimum | Typical | Maximum | Units

Veeio I/0 supply voltage 3.15 3.3 3.45 \"

VRer Reference voltage 0.39 x Vg0 0.41 x Voo \

ViH High-level input 0.5 x Voo Veeio + 0.5 \
voltage

ViL Low-level input 0.3 x Voo \Y
voltage

VoH High-level output loyt =-500 uA 0.9 x Voo 3.6 \
voltage

VoL Low-level output louT = 1500 uA 0.1 x Veeio \
voltage

f Input pin leakage 0<ViNn<Veeio -10 10 uA
current
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Table 42. 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
tiNHBIDIR Hold time for bidirectional pins with global clock at LAB-adjacent input
register
touTcoBIDIR Clock-to-output delay for bidirectional pins with global clock at IOE C1=35pF
register
txzBIDIR Synchronous output enable register to output buffer disable delay C1=385pF
tzxBIDIR Synchronous output enable register to output buffer enable delay C1=35pF
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 |C1 = 35 pF
txzBIDIRPLL Synchronous output enable register to output buffer disable delay with | C1 =35 pF
PLL
tzxBIDIRPLL Synchronous output enable register to output buffer enable delay with C1=35pF
PLL

Note to tables:

(1) These timing parameters are sample-tested only.

68
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Tables 43 through 78 show the fy4x and external timing parameters for
EPC20K100C, EPC20K200C, EP20K400C, EP20K600C, EP20K1000C, and

EP20K1500C devices.
Table 43. EP20K100C fyay LE Timing Parameters  Note (1)
Symbol -7 Speed Grade -8 Speed Grade (2) -9 Speed Grade (2) Unit
Min Max Min Max Min Max
tSU 0.3 ns
tH 0.3 ns
tCO 0.3 ns
tLUT 0.7 ns
Table 44. EP20K100C fyyx ESB Timing Parameters  Note (1)
Symbol -7 Speed Grade -8 Speed Grade (2) -9 Speed Grade (2) Unit
Min Max Min Max Min Max
tESBAF?C 1.4 ns
tESBSF?C 25 ns
tESBAWC 3.1 ns
tESBSWC 3.0 ns
tesBwasu 05 ns
tesBwAH 0.5 ns
tesBwosu 0.6 ns
tesBwWDH 0.5 ns
tesBRASU 1.4 ns
tEsBRAH 0.0 ns
tesBwESU 2.3 ns
tEsBDATASU 0.0 ns
tEsBWADDRSU 0.2 ns
tEsBRADDRSU 0.2 ns
tespATACO1 1.0 ns
{esBDATACO2 2.3 ns
tESBDD 2.7 ns
tPD 1.6 ns
trrERMSU 1.0 ns
tprERMCO 1.0 ns
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Table 64. EP20K600C Minimum Pulse Width Timing Parameters  Note (1)
Symbol -7 Speed Grade -8 Speed Grade (2) -9 Speed Grade (2) Unit
Min Max Min Max Min Max
tCH 2.3 ns
tCL 2.3 ns
tCLFi'P 0.2 ns
tPREP 0.2 ns
tesscH 2.3 ns
tesseL 2.3 ns
teswp 1.1 ns
tesere 0.9 ns
Table 65. EP20K600C External Timing Parameters
Symbol -7 Speed Grade -8 Speed Grade (2) -9 Speed Grade (2) Unit
Min Max Min Max Min Max
thSU 2.2 ns
tINH 0.0 ns
tOUTCO 2.0 5.0 ns
finsupLL 3.3 ns
tNHPLL 0.0 ns
toutcopLL 05 2.1 ns
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Table 72. EP20K1000C External Bidirectional Timing Parameters

Symbol -7 Speed Grade -8 Speed Grade (2) -9 Speed Grade (2) Unit
Min Max Min Max Min Max
tinsuBIDIR 2.4 ns
YiNHBIDIR 0.0 ns
touTtcoBiDR 2.0 5.0 ns
txzBIDIR 7.1 ns
tzxBIDIR 7.1 ns
YiNSUBIDIRPLL 3.8 ns
YNHBIDIRPLL 0.0 ns
touTtcoBIDIRPLL 0.5 21 ns
txzBIDIRPLL 4.2 ns
tZXBIDIRPLL 4.2 ns
Table 73. EP20K1500C fyuy LE Timing Parameters  Note (1)
Symbol -7 Speed Grade -8 Speed Grade (2) -9 Speed Grade (2) Unit
Min Max Min Max Min Max
tsu 0.3 ns
ty 0.3 ns
tCO 0.3 ns
tLUT 0.6 ns
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Multiple APEX 20KC devices can be configured in any of five
configuration schemes by connecting the configuration enable (nCE) and
configuration enable output (nCEO) pins on each device.

Table 81. Data Sources for Configuration

Configuration Scheme Data Source

Configuration device EPC16, EPC2, or EPC1 configuration device

Passive serial (PS) MasterBlaster or ByteBlasterMV download cable or serial data source

Passive parallel asynchronous (PPA) Parallel data source

Passive parallel synchronous (PPS) Parallel data source

JTAG MasterBlaster or ByteBlasterMV download cable or a microprocessor
with a Jam Standard Test and Programming Language (STAPL) or
JBC File

“ .- & Formore information on configuration, see Application Note 116

(Configuring APEX 20K, FLEX 10K & FLEX 6000 Devices.)

Device Pin- See the Altera web site (http://www.altera.com) or the Altera Digital
Outs Library for pin-out information.

Revision The information contained in the APEX 20KC Programmable Logic Device
. Data Sheet version 1.1 supersedes information published in pervious
Histo ry versions.

The following changes were made to the APEX 20KC Programmable Logic
Device Data Sheet version 1.1: updated maximum user I/O pins in Table 1.
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