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FLEX 10KE Embedded Programmable Logic Family Data Sheet

Preliminary Information

General
Description

Altera FLEX 10KE devices are an enhancement of the FLEX 10K device
family. Based on reconfigurable CMOS SRAM elements, the Flexible
Logic Element MatriX (FLEX) architecture incorporates all features
necessatry to implement common gate array megafunctions. With up to
250,000 gates, the FLEX 10KE family provides the density, speed, and
features to integrate entire systems, including multiple 32-bit buses, into
a single device.

FLEX 10KE devices are configurable, and they are 100% tested prior to
shipment. As aresult, the designer is not required to generate test vectors
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 gate array designs; FLEX 10KE devices can be
configured on the board for the specific functionality required.

Table & shows FLEX 10KE performance for some common designs. All
performance values shown were obtained with Synopsys DesignWare or
LPM functions. Special design techniques are not required to implement
the applications; the designer simply infers or instantiates a function in a
Vetilog HDL, VHDL, Altera Hardware Description Language (AHDL), or
schematic design file.

Table 5. FLEX 1DKE Performance

Application Resources Used Performance Units
LEs EAPs | -1Speed Grade | -2 Speed Grade | -3 Speed Grade

16-bit loadable counter 16 0 196 182 143 MHz
16-bit accumulator 16 0 196 182 143 MHz
16-to-1 multiplexer, Nofe £1; 10 0 15 17 18 ns
16-bit multiplier with 3 stage 10 0 91 86 70 MHz
pipeline, Nots {2;
256 ». 16 RAM read cycle speed, 0 1 181 142 125 MHz
Notg (&)
256 » 16 RAM write cycle speed, 0 1 135 117 106 MHz
Neia {rj)

Notes:

(1) This application uses combinatorial inputs and outputs.

(2) This application uses registered inputs and outputs.
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FLEX 10KE devices are configured at system power-up with data stored
in an Altera serial Configuration EPROM device or provided by a system
controller. Altera offers the EPC1, EPC2, and EPC1441 Configuration
EPROMSs, which configure FLEX 10KE devices via a serial data stream.
Configuration data can also be downloaded from system RAM or from
the Altera BitBlaster™ serial download cable, ByteBlaster™ parallel port
download cable, or ByteBlasterMV™ parallel portdownload cable. After a
FLEX 10KE device has been configured, it can be reconfigured in-circuit
by resetting the device and loading new data. Because reconfiguration
requires less than 330 ms, real-time changes can be made during system
operation.

FLEX 10KE devices contain an optimized interface that permits
microprocessors to configure FLEX 10KE devices serially or in parallel,
and synchrenously or asynchronously. The interface alse enables
microprocessors to treat a FLEX 10KE device as memory and configure
the device by writing to a virtual memory location, making it very easy for
the designer to reconfigure the device.

For more information, go to the following decuments:

G0 D P f .
VO UaRRLEl PO

FLEX 10KE devices are supported by the Altera MAX+PLUSII
development systemn, a single, integrated package that offers schematic,
text—including AIIDL—and waveform design entry; compilation and
logic synthesis; full simulation and worst-case timing analysis; and device
configuration. The MAX+PLUS 11 software provides EDIF 20 0and 30 0,
LPM, VIIDL, Verilog DL, and other interfaces for additional design
entry and simulation support from other industry-standard PC- and
UNIX workstation-based EDA tools.

The MAX+PLUS 1l software works easily with common gate array EDA
tools for synthesis and simulation. For example, the MAX+PLUSII
software can generate Verilog HDL files for simulation with tools such as
Cadence Verilog-XL. Additionally, the MAX+PLUS 1I software contains
EDA libraries that use device-specific features such as carry chains, which
are used for fast counter and arithmetic functions. For instance, the
Synopsys Design Compiler library supplied with the MAX+PLUS II
development system includes DesignWare functions that are optimized
for the FLEX 10KE architecture.

Altera Corporation
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Each LAB provides four control signals with programmable inversion
that can be used in all eight LEs. Two of these signals can be used as
clocks; the other two can be used for clear/preset control. The LAB clocks
can be driven by the dedicated clock input pins, global signals, 1/O
signals, or internal signals via the LAB local interconnect. The LAB preset
and clear control signals can be driven by the global signals, I/O signals,
or internal signals via the LAB local interconnect. The global control
signals are typically used for global clock, clear, or preset signals because
they provide asynchronous control with very low skew across the device.
If logic is required on a control signal, it can be generated in one or more
LEsin any LAB and driven into the local interconnect of the target LAB.
In addition, the global control signals can be generated from LE outputs.

Logic Element

The LE, the smallest unit of logic in the FLEX 10KE architecture, has a
compact size that provides efficient logic utilization. Each LE contains a
four-input LUT, which is a function generator that can quickly compute
any function of four variables. In addition, each LE contains a
programmable flipflop with a synchronous clock enable, a carry chain,
and a cascade chain. Each LE drives both the local and the FastTrack
Interconnect routing structure (see Higiwe 7).

Figure 7. FLEX 10KE Logic Element
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The programmable flipflop in the LE can be configured for D, T, JK, or SR
operation. The clock, clear, and preset control signals on the flipflop can
be driven by global signals, general-purpose I/0O pins, or any internal
logic. For combinatorial functions, the flipflop is bypassed and the output
of the LUT drives the output of the LE.

The LE has two outputs that drive the interconnect; one drives the local
interconnect and the other drives either the row or column FastTrack
Interconnect routing structure. The two outputs can be controlled
independently; for example, the LUT can drive one output while the
register drives the other output. This feature, called register packing, can
improve LE utilization because the register and the LUT can be used for
unrelated functions.

The FLEX 10KE architecture provides two types of dedicated high-speed
data paths that connect adjacent LEs without using local interconnect
paths: carry chains and cascade chains. The carry chain supports high-
speed counters and adders; the cascade chain implements wide-input
functions with minimum delay. Carry and cascade chains connect all LEs
ina LAB and all LABs in the same row. Intensive use of carry and cascade
chains can reduce routing flexibility. Therefore, the use of these chains
should be limited to speed-critical portions of a design.

Carry Chain

The carry chain provides a very fast (as low as 0.2 ns) 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 inte both
the LUT and the next portion of the carry chain. This feature allows the
FLEX 10KE architecture to implement high-speed counters, adders, and
comparators of arbitrary width efficiently. Carry chain logic can be
created autematically by the MAX+PLUS II Compiler during design
processing, or manually by the designer during design entry.
Parameterized functions such as LPM and DesignWare functions
automatically take advantage of carry chains.

Carry chains longer than eight LEs are automatically implemented by
linking LABs together. For enhanced fitting, a long carry chain skips
alternate LABs in a row. A carry chain longer than one LAB skips either
from even-numbered LAB to even-numbered LAB, or from odd-
numbered LAB to odd-numbered LAB. For example, the last LE of the
first LAB in a row carries to the first LE of the third LAB in the row. The
carry chain does not cross the EAB at the middle of the row. For instance,
in the EPF10K50E device, the carry chain stops at the eighteenth LAB and
a new one begins at the nineteenth LAB.

Altera Corporation


















Preliminary Information

FLEX 10KE Embedded Programmable Logic Family Data Sheet

Figire 21 shows the typical output drive characteristics of FLEX 10KE
devices with 3.3-V and 2.5-V V . The output driver is compatible with
the 3.3-V PCI Local Bus Specification, Revision 2.1 (with 3.3-V V10).

Figure 21. Output Drive Characteristics of FLEX 10KE Devices
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Timing Model

available.

Table 15 shows the external timing parameters of FLEX 10KE devices.
Detailed timing information for these devices will be released as it is

Tahle 15. FLEX 10KE External Timing Paramelers

Symbol Parameter Device -1Speed Grade | -2 Speed Grade | -3 Speed Grade | Unit
Min Max Min Max Min Max

toRR Register-to- EPF10K30E 85 10.0 13.5 ns
register delay  |EPF{0K50E 85 10.0 13.5 ns

via4 LEs, 3row [£pFyoK1008B 11.0 12.0 145 | ns
Interconnects, - Ieprsok100E 10.0 12.0 160 | ns

and 4 local

interconnects | EFF10K130E 10.0 12.0 16.0 ns
EPF10K200E 10.0 12.0 16.0 ns

EPF10K250E 11.0 13.5 17.0 ns
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To better reflect actual designs, the power model (and the constant K in
the power calculation equations) for continuous interconnect FLEX
devices assume that LEs drive FastTrack Interconnect channels. In
contrast, the power model of segmented FPGAs assume that all LEs drive
only one short interconnect segment. This assumption may lead to
inaccurate results when compared to measured power consumption for
actual designs in segmented FPGAs.

Figuie 22 shows the relationship between the current and operating
frequency of EPF10K50E, EPF10K100B, and EPF10K200E devices. For
other FLEX 10KE devices, contact Altera Applications at (800) 800-EPLD.

Figure 22. FLEX 10KE Ippyor: vS. Operating Frequency
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Talde 2% shows the FLEX 10KE device/package combinations that
support SameFrame pin-outs. All FineLine BGA packages support
SameFrame pin-outs providing the flexibility to migrate not only from
device to device within the same package, but also from one package to
another. The I/ O count will vary, and MAX4+PLUS II software versions
9.1 and higher provide features to help use only the common pins.

Table 23. FLEX 10KE SameFrame Pin-Oul Support
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