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FLEX 6000 Programmable Logic Device Family Data Sheet

Table 4 shows FLEX 6000 performance for more complex designs.

Table 4. FLEX 6000 Device Performance for Complex Designs  Note (1)

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

8-bit, 16-tap parallel finite impulse response 599 94 80 72 MSPS
(FIR) filter
8-bit, 512-point fast Fourier transform (FFT) 1,182 75 89 109 uS
function 63 53 43 MHz
al6450 universal asynchronous 487 36 30 25 MHz
receiver/transmitter (UART)
PCI bus target with zero wait states 609 56 49 42 MHz

Note:

(1) The applications in this table were created using Altera MegaCore™ functions.

FLEX 6000 devices are supported by Altera development systems; a
single, integrated package that offers schematic, text (including AHDL),
and waveform design entry, compilation and logic synthesis, full
simulation and worst-case timing analysis, and device configuration. The
Altera software provides EDIF 2 0 0 and 3 0 0, LPM, VHDL, Verilog HDL,
and other interfaces for additional design entry and simulation support
from other industry-standard PC- and UNIX workstation-based EDA
tools.

The Altera software works easily with common gate array EDA tools for
synthesis and simulation. For example, the Altera software can generate
Verilog HDL files for simulation with tools such as Cadence Verilog-XL.
Additionally, the Altera 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 Altera development systems include DesignWare
functions that are optimized for the FLEX 6000 architecture.

The Altera development system runs on Windows-based PCs, Sun
SPARCstations, and HIP 9000 Series 700/800.

See the MAX+PLUS II Programmable Logic Development System & Software
Data Sheet and the Quartus Programmable Logic Development System &
Software Data Sheet for more information.

Altera Corporation
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Figure 1. OptiFLEX Architecture Block Diagram
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Logic Elements

FLEX 6000 devices provide four dedicated, global inputs that drive the
control inputs of the flipflops to ensure efficient distribution of high-
speed, low-skew control signals. These inputs use dedicated routing
channels that provide shorter delays and lower skews than the FastTrack
Interconnect. These inputs can also be driven by internal logic, providing
an ideal solution for a clock divider or an internally generated
asynchronous clear signal that clears many registers in the device. The
dedicated global routing structure is built into the device, eliminating the
need to create a clock tree.

Logic Array Block

An LAB consists of ten LEs, their associated carry and cascade chains, the
LAB control signals, and the LAB local interconnect. The LAB provides

the coarse-grained structure of the FLEX 6000 architecture, and facilitates
efficient routing with optimum device utilization and high performance.

Altera Corporation
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The interleaved LAB structure—an innovative feature of the FLEX 6000
architecture—allows each LAB to drive two local interconnects. This
feature minimizes the use of the FastTrack Interconnect, providing higher
performance. An LAB can drive 20 LEs in adjacent LABs via the local
interconnect, which maximizes fitting flexibility while minimizing die
size. See Figure 2.

Figure 2. Logic Array Block
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In most designs, the registers only use global clock and clear signals.
However, in some cases, other clock or asynchronous clear signals are
needed. In addition, counters may also have synchronous clear or load
signals. In a design that uses non-global clock and clear signals, inputs
from the first LE in an LAB are re-routed to drive the control signals for
that LAB. See Figure 3.
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Figure 3. LAB Control Signals
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Logic Element

An LE, the smallest unit of logic in the FLEX 6000 architecture, has a
compact size that 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. An LE contains a programmable flipflop, carry
and cascade chains. Additionally, each LE drives both the local and the
FastTrack Interconnect. See Figure 4.

8 Altera Corporation
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Figure 4. Logic Element
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The programmable flipflop in the LE can be configured for D, T, JK, or SR
operation. The clock and clear control signals on the flipflop can be driven
by global signals, general-purpose I/O pins, or any internal logic. For
combinatorial functions, the flipflop is bypassed and the output of the
LUT drives the outputs of the LE. The LE output can drive both the local
interconnect and the FastTrack Interconnect.

The FLEX 6000 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 equivalent comparators with
minimum delay. Carry and cascade chains connect LEs 2 through 10 in an
LAB and all LABs in the same half of the row. Because extensive use of
carry and cascade chains can reduce routing flexibility, these chains
should be limited to speed-critical portions of a design.
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Carry Chain

The carry chain provides a very fast (0.1 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 into both the LUT
and the next portion of the carry chain. This feature allows the FLEX 6000
architecture to implement high-speed counters, adders, and comparators
of arbitrary width. Carry chain logic can be created automatically by the
Altera software 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 for
the appropriate functions.

Because the first LE of each LAB can generate control signals for that LAB,
the first LE in each LAB is not included in carry chains. In addition, the
inputs of the first LE in each LAB may be used to generate synchronous
clear and load enable signals for counters implemented with carry chains.

Carry chains longer than nine LEs are implemented automatically 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 an even-numbered LAB to another even-numbered LAB, or from an
odd-numbered LAB to another odd-numbered LAB. For example, the last
LE of the first LAB in a row carries to the second LE of the third LAB in
the row. In addition, the carry chain does not cross the middle of the row.
For instance, in the EPF6016 device, the carry chain stops at the 11th LAB
in a row and a new carry chain begins at the 12th LAB.

Figure 5 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. Although the register can be bypassed for simple adders,
it can be used for an accumulator function. 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 FastTrack
Interconnect.

10 Altera Corporation
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Figure 7. LE Operating Modes
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Notes:

(1)  The register feedback multiplexer is available on LE 2 of each LAB.

(2) Thedatal and data2 input signals can supply a clock enable, up or down control, or register feedback signals for
all LEs other than the second LE in an LAB.

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

14
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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 4-input LUT. The Altera
software 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.

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 3-input function; the other generates a carry output. As shown
in Figure 7, 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.

The Altera software implements logic functions to use the arithmetic
mode automatically where appropriate; the designer does not have to
decide how the carry chain will be used.

Counter Mode

The counter mode offers 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 a LAB use counter mode, other LEs in
that LAB must be used as part of the same counter or be used for a
combinatorial function. In addition, the Altera software automatically
places registers that are not in the counter into other LABs.

The counter mode uses two 3-input LUTs: one generates the counter data
and the other generates the fast carry bit. A 2-to-1 multiplexer provides
synchronous loading, and another AND gate provides synchronous
clearing. If the cascade function is used by an LE in counter mode, the
synchronous clear or load will override any signal carried on the cascade
chain. The synchronous clear overrides the synchronous load.

15
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Either the counter enable or the up /down control may be used for a given
counter. Moreover, the synchronous load can be used as a count enable by
routing the register output into the data input automatically when
requested by the designer.

The second LE of each LAB has a special function for counter mode; the
carry-in of the LE can be driven by a fast feedback path from the register.
This function gives a faster counter speed for counter carry chains starting
in the second LE of an LAB.

The Altera software implements functions to use the counter mode
automatically where appropriate. The designer does not have to decide
how the carry chain will be used.

Internal Tri-State Emulation

Internal tri-state emulation provides internal tri-states without the
limitations of a physical tri-state bus. In a physical tri-state bus, the
tri-state buffers” output enable (OE) signals select which signal drives the
bus. However, if multiple OE signals are active, contending signals can be
driven onto the bus. Conversely, if no OE signals are active, the bus will
float. Internal tri-state emulation resolves contending tri-state buffers to a
low value and floating buses to a high value, thereby eliminating these
problems. The Altera software automatically implements tri-state bus
functionality with a multiplexer.

Clear & Preset Logic Control

Logic for the programmable register’s clear and preset functions is
controlled by the LAB-wide signals LABCTRL1 and LABCTRL2. The LE
register has an asynchronous clear that can implement an asynchronous
preset. Either LABCTRL1 or LABCTRL2 can control the asynchronous clear
or preset. Because the clear and preset functions are active-low, the Altera
software automatically assigns a logic high to an unused clear or preset
signal. The clear and preset logic is implemented in either the
asynchronous clear or asynchronous preset mode, which is chosen during
design entry (see Figure 8).

16 Altera Corporation
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The FastTrack Interconnect consists of column and row interconnect
channels that span the entire device. Each row of LABs is served by a
dedicated row interconnect, which routes signals between LABs in the
same row, and also routes signals from I/O pins to LABs. Additionally,
the local interconnect routes signals between LEs in the same LAB and in
adjacent LABs. The column interconnect routes signals between rows and
routes signals from I/O pins to rows.

LEs 1 through 5 of an LAB drive the local interconnect to the right, while
LEs 6 through 10 drive the local interconnect to the left. The DATA1 and
DATA3 inputs of each LE are driven by the local interconnect to the left;
DATA2 and DATA4 are driven by the local interconnect to the right. The
local interconnect also routes signals from LEs to I/O pins. Figure 9 shows
an overview of the FLEX 6000 interconnect architecture. LEs in the first
and last columns have drivers on both sides so that all LEs in the LAB can
drive I/O pins via the local interconnect.

Figure 9. FastTrack Interconnect Architecture
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(1) For EPF6010A, EPF6016, and EPF6016A devices, n = 144 channels and m = 20 channels; for EPF6024A devices,
n =186 channels and m = 30 channels.
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Figure 10. LAB Connections to Row & Column Interconnects
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For improved routability, the row interconnect consists of full-length and
half-length channels. The full-length channels connect to all LABs in a
row; the half-length channels connect to the LABs in half of the row. In
addition to providing a predictable, row-wide interconnect, this
architecture provides increased routing resources. Two neighboring LABs
can be connected using a half-length channel, which saves the other half
of the channel for the other half of the row. One-third of the row channels
are half-length channels.

Altera Corporation
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Figure 11. Global Clock & Clear Distribution  Note (1)
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Output
Configuration
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Figure 15. SameFrame Pin-0Out Example
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Table 6 lists the 3.3-V FLEX 6000 devices with the SameFrame pin-out
feature.

Table 6. 3.3-V FLEX 6000 Devices with SameFrame Pin-0Outs

Device 100-Pin FineLine BGA 256-Pin FineLine BGA
EPF6016A v v
EPF6024A v

This section discusses slew-rate control, the MultiVolt I/O interface,
power sequencing, and hot-socketing for FLEX 6000 devices.

Slew-Rate Control

The output buffer in each IOE has an adjustable output slew-rate that can
be configured for low-noise or high-speed performance. A slower
slew-rate reduces system noise and adds a maximum delay of 6.8 ns. The
fast slew-rate should be used for speed-critical outputs in systems that are
adequately protected against noise. Designers can specify the slew-rate on
a pin-by-pin basis during design entry or assign a default slew rate to all
pins on a device-wide basis. The slew-rate setting affects only the falling
edge of the output.

Altera Corporation
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Generic Testing

30

Table 10. JTAG Timing Parameters & Values

Symbol Parameter Min | Max | Unit
tycp | TCK clock period 100 ns
tycH | TCK clock high time 50 ns
tyc | TCK clock low time 50 ns
typsu | JTAG port setup time 20 ns
typn | JTAG port hold time 45 ns
typco |JTAG port clock-to-output 25 ns
typzx |JTAG port high impedance to valid output 25 ns
typxz |JTAG port valid output to high impedance 25 ns
tyssu |Capture register setup time 20 ns
tysy | Capture register hold time 45 ns
tysco |Update register clock-to-output 35 ns
tyszx | Update register high impedance to valid 35 ns

output
tysxz | Update register valid output to high 35 ns
impedance

Each FLEX 6000 device is functionally tested. Complete testing of each
configurable SRAM bit and all logic functionality ensures 100%
configuration yield. AC test measurements for FLEX 6000 devices are
made under conditions equivalent to those shown in Figure 17. Multiple
test patterns can be used to configure devices during all stages of the

production flow.

Figure 17. AC Test Conditions
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0 pe rati ng Tables 11 through 18 provide information on absolute maximum ratings,
. recommended operating conditions, operating conditions, and
Conditions capacitance for 5.0-V and 3.3-V FLEX 6000 devices.

Table 11. FLEX 6000 5.0-V Device Absolute Maximum Ratings  Note (1)

Symbol Parameter Conditions Min Max Unit
Vee Supply voltage With respect to ground (2) -2.0 7.0 \%

V) DC input voltage -2.0 7.0 Vv

lout DC output current, per pin -25 25 mA
Tsta Storage temperature No bias —65 150 °C
Tavs Ambient temperature Under bias —65 135 °C
Ty Junction temperature PQFP, TQFP, and BGA packages 135 °C

Table 12. FLEX 6000 5.0-V Device Recommended Operating Conditions

Symbol Parameter Conditions Min Max Unit
Veeint | Supply voltage for internal logic | (3), (4) 4.75 (4.50) 5.25 (5.50) \%
and input buffers
Veeio Supply voltage for output buffers, | (3), (4) 4.75 (4.50) 5.25 (5.50) \
5.0-V operation
Supply voltage for output buffers, | (3), (4) 3.00 (3.00) 3.60 (3.60) \Y
3.3-V operation
A Input voltage -0.5 Veont + 0.5 \
Vo Output voltage 0 Veeio v
Ty Operating 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 31
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Table 17. FLEX 6000 3.3-V Device DC Operating Conditions  Notes (5), (6)
Symbol Parameter Conditions Min |Typ| Max |Unit
ViH High-level input voltage 1.7 5.75 \"
ViL Low-level input voltage -0.5 0.8 \
Von 3.3-V high-level TTL output loy=—8mADC, Vgi0=3.00V (7) 24 \
voltage
3.3-V high-level CMOS output lon=-0.1mADC, Vcgi0=3.00V (7) | Vgeio—0.2 \
voltage
2.5-V high-level output voltage loy=-100 pMADC, Vi0=2.30V (7) 21 '
loy=—1mADC, Vgci0=2.30V (7) 2.0 \Y
loy=—2mADC, Vgci0=2.30V (7) 1.7 \Y
VoL 3.3-V low-level TTL output lo.=8mADC, V¢gio=3.00V (8) 0.45 \
voltage
3.3-V low-level CMOS output loo=0.1mADC, Vg0 =3.00V (8) 0.2 \
voltage
2.5-V low-level output voltage loL =100 pA DC, Vgio=2.30V (8) 0.2 \
loo=1mADC, Vegio=2.30V (8) 0.4 \
loo=2mADC,V¢ei0=2.30V (8) 0.7 \Y
I Input pin leakage current V| =5.3Vto ground (8) -10 10 HA
loz Tri-stated 1/O pin leakage current | Vo =5.3 V to ground (8) -10 10 MA
lcco Ve supply current (standby) V) = ground, no load 0.5 5 mA
Table 18. FLEX 6000 3.3-V Device Capacitance  Note (9)
Symbol Parameter Conditions Min Max Unit
Cin Input capacitance for I/O pin ViN=0V,f=1.0MHz 8 pF
CincLk | Input capacitance for dedicated input | Viy =0V, f=1.0 MHz 12 pF
Cout Output capacitance Vour=0V,f=1.0MHz 8 pF

Notes to tables:

(1) See the Operating Requirements for Altera Devices Data Sheet.

(2) The minimum DC input voltage is —0.5 V. During transitions, the inputs may undershoot to 2.0 V or overshoot to
5.75 V for input currents less than 100 mA and periods shorter than 20 ns.

(3) Numbers in parentheses are for industrial-temperature-range devices.

(4) Maximum V¢ rise time is 100 ms. V¢ must rise monotonically.

(5) Typical values are for Ty =25° Cand Ve =3.3 V.

(6) These values are specified under Table 16 on page 33.

(7)  The Ioy parameter refers to high-level TTL or CMOS output current.

(8) Thelg parameter refers to low-level TTL, PCI, or CMOS output current. This parameter applies to open-drain pins
as well as output pins.

(9) Capacitance is sample-tested only.

34
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Tables 19 through 21 describe the FLEX 6000 internal timing
microparameters, which are expressed as worst-case values. Using hand
calculations, these parameters can be used to estimate design
performance. However, before committing designs to silicon, actual
worst-case performance should be modeled using timing simulation and
timing analysis. Tables 22 and 23 describe FLEX 6000 external timing

parameters.

Table 19. LE Timing Microparameters  Note (1)
Symbol Parameter Conditions
treG_TO REG LUT delay for LE register feedback in carry chain

tcasc_To_REG

Cascade-in to register delay

{cARRY_TO_REG

Carry-in to register delay

tbata_TO_REG

LE input to register delay

fcasc_to_out

Cascade-in to LE output delay

tcarry_TO_OUT

Carry-in to LE output delay

tbata_T0 ouT

LE input to LE output delay

trReG_TO oUT Register output to LE output delay

tsy LE register setup time before clock; LE register recovery time after
asynchronous clear

ty LE register hold time after clock

tco LE register clock-to-output delay

tolr LE register clear delay

te LE register control signal delay

tip ciR Synchronous load or clear delay in counter mode

{cARRY TO_CARRY

Carry-in to carry-out delay

tREG_TO_CARRY

Register output to carry-out delay

IbATA_TO_CARRY

LE input to carry-out delay

tcarRY TO_cAsc

Carry-in to cascade-out delay

tcasc_to_casc

Cascade-in to cascade-out delay

treGc_to_casc

Register-out to cascade-out delay

IpATA_TO_CASC

LE input to cascade-out delay

ten LE register clock high time
ter LE register clock low time
38 Altera Corporation




FLEX 6000 Programmable Logic Device Family Data Sheet

Table 23. External Timing Parameters

Symbol Parameter Conditions
tinsu Setup time with global clock at LE register (8)
tinH Hold time with global clock at LE register (8)
toutco Clock-to-output delay with global clock with LE register using FastFLEX I/O | (8)
pin

Notes to tables:

(1) Microparameters are timing delays contributed by individual architectural elements and cannot be measured

explicitly.

(2) Operating conditions:

©)

O]
®)
(6)

@)
®

Veeio = 5.0 V £5% for commercial use in 5.0-V FLEX 6000 devices.

Vo = 5.0 V£10% for industrial use in 5.0-V FLEX 6000 devices.

Vecro = 3.3 V £10% for commercial or industrial use in 3.3-V FLEX 6000 devices.

Operating conditions:

Vecro = 3.3 V £10% for commercial or industrial use in 5.0-V FLEX 6000 devices.

Veero =25V £0.2V for commercial or industrial use in 3.3-V FLEX 6000 devices.

Operating conditions:

VCCIO =25 V, 3.3 V, or50V.

These parameters are worst-case values for typical applications. Post-compilation timing simulation and timing
analysis are required to determine actual worst-case performance.

This timing parameter shows the delay of a register-to-register test pattern and is used to determine speed grades.
There are 12 LEs, including source and destination registers. The row and column interconnects between the
registers vary in length.

This timing parameter is shown for reference and is specified by characterization.

This timing parameter is specified by characterization.

Tables 24 through 28 show the timing information for EPF6010A and
EPF6016A devices.

Table 24. LE Timing Microparameters for EPF6010A & EPF6016A Devices (Part 1 of 2)

Parameter Speed Grade Unit
-1 -2 -3
Min Max Min Max Min Max
lrReG_T0 REG 1.2 1.3 1.7 ns
lcasc_to_reG 0.9 1.0 1.2 ns
lcarrY TO_REG 0.9 1.0 1.2 ns
IpaTA_TO REG 1.1 1.2 1.5 ns
lcasc_to_out 1.3 1.4 1.8 ns
lcarry_TO oUT 1.6 1.8 2.3 ns
{paTA_TO OUT 1.7 2.0 25 ns
{rReG_t0_out 0.4 0.4 0.5 ns
tsu 0.9 1.0 1.3 ns
ty 1.4 1.7 2.1 ns
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Table 35. IOE Timing Microparameters for EPF6024A Devices

Parameter Speed Grade Unit
-1 -2 -3
Min Max Min Max Min Max
top1 1.9 2.1 25 ns
tope 4.0 4.4 5.3 ns
tons 7.0 7.8 9.3 ns
tXZ 4.3 4.8 5.8 ns
txz1 4.3 4.8 5.8 ns
tXZZ 6.4 71 8.6 ns
tyzs 9.4 10.5 12.6 ns
t’OE 0.5 0.6 0.7 ns
by 3.3 3.7 4.4 ns
t/N_DELAY 5.3 5.9 7.0 ns

Table 36. Interconnect Timing Microparameters for EPF6024A Devices

Parameter Speed Grade Unit
-1 -2 -3
Min Max Min Max Min Max
tLOCAL 0.8 0.8 1.1 ns
tROW 3.0 3.1 3.3 ns
tCOL 3.0 3.2 3.4 ns
tDINﬁD 5.4 5.6 6.2 ns
tDINﬁC 4.6 51 6.1 ns
tLEGLOBAL 3.1 3.5 4.3 ns
tLABCAHFfY 0.6 0.7 0.8 ns
tLABCASC 0.3 0.3 0.4 ns

Table 37. External Reference Timing Parameters for EPF6024A Devices

Parameter Speed Grade Unit
-1 -2 -3
Min Max Min Max Min Max
t4 45.0 50.0 60.0 ns
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Figure 20. Igcacrive vs- Operating Frequency
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Device The FLEX 6000 architecture supports several configuration schemes to

. . load a design into the device(s) on the circuit board. This section
con"guratlﬂn & summarizes the device operating modes and available device

0 pe ration configuration schemes.

f  See Application Note 116 (Configuring APEX 20K, FLEX 10K & FLEX 6000
Devices) for detailed information on configuring FLEX 6000 devices,
including sample schematics, timing diagrams, configuration options,
pins names, and timing parameters.
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