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FLEX 6000 Programmable Logic Device Family Data Sheet

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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Figure 5. Carry Chain Operation
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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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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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A row channel can be driven by an LE or by one of two column channels.
These three signals feed a 3-to-1 multiplexer that connects to six specific
row channels. Row channels drive into the local interconnect via
multiplexers.

Each column of LABs is served by a dedicated column interconnect. The
LEs in an LAB can drive the column interconnect. The LEs in an LAB, a
column IOE, or a row interconnect can drive the column interconnect. The
column interconnect can then drive another row’s interconnect to route
the signals to other LABs in the device. A signal from the column
interconnect must be routed to the row interconnect before it can enter an
LAB.

Each LE has a FastTrack Interconnect output and a local output. The
FastTrack interconnect output can drive six row and two column lines
directly; the local output drives the local interconnect. Each local
interconnect channel driven by an LE can drive four row and two column
channels. This feature provides additional flexibility, because each LE can
drive any of ten row lines and four column lines.

In addition, LEs can drive global control signals. This feature is useful for
distributing internally generated clock, asynchronous clear, and
asynchronous preset signals. A pin-driven global signal can also drive
data signals, which is useful for high-fan-out data signals.

Each LAB drives two groups of local interconnects, which allows an LE to
drive two LABs, or 20 LEs, via the local interconnect. The row-to-local
multiplexers are used more efficiently, because the multiplexers can now
drive two LABs. Figure 10 shows how an LAB connects to row and
column interconnects.

19
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Table 5 summarizes the FastTrack Interconnect resources available in

each FLEX 6000 device.
Table 5. FLEX 6000 FastTrack Interconnect Resources
Device Rows | Channels per Columns Channels per
Row Column

EPF6010A 4 144 22 20
EPF6016 6 144 22 20
EPF6016A

EPF6024A 7 186 28 30

In addition to general-purpose I/O pins, FLEX 6000 devices have four
dedicated input pins that provide low-skew signal distribution across the
device. These four inputs can be used for global clock and asynchronous
clear control signals. These signals are available as control signals for all
LEs in the device. The dedicated inputs can also be used as general-
purpose data inputs because they can feed the local interconnect of each
LAB in the device. Using dedicated inputs to route data signals provides
a fast path for high fan-out signals.

The local interconnect from LABs located at either end of two rows can
drive a global control signal. For instance, in an EPF6016 device, LABs C1,
D1, C22, and D22 can all drive global control signals. When an LE drives
a global control signal, the dedicated input pin that drives that signal
cannot be used. Any LE in the device can drive a global control signal by
driving the FastTrack Interconnect into the appropriate LAB. To minimize
delay, however, the Altera software places the driving LE in the
appropriate LAB. The LE-driving-global signal feature is optimized for
speed for control signals; regular data signals are better routed on the
FastTrack Interconnect and do not receive any advantage from being
routed on global signals. This LE-driving-global control signal feature is
controlled by the designer and is not used automatically by the Altera
software. See Figure 11.

Altera Corporation 21
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MultiVolt 1/0 Interface

The FLEX 6000 device architecture supports the MultiVolt I/O interface
feature, which allows FLEX 6000 devices to interface with systems of
differing supply voltages. The EPF6016 device can be set for 3.3-V or 5.0-V
I/0 pin operation. This device has one set of V¢ pins for internal
operation and input buffers (VCCINT), and another set for output drivers
(vcezo).

The VCCINT pins on 5.0-V FLEX 6000 devices must always be connected
to a 5.0-V power supply. With a 5.0-V Vcnr level, input voltages are at
TTL levels and are therefore compatible with 3.3-V and 5.0-V inputs.

The vCCIO pins on 5.0-V FLEX 6000 devices can be connected to either a
3.3-V or 5.0-V power supply, depending on the output requirements.
When the VCCIO pins are connected to a 5.0-V power supply, the output
levels are compatible with 5.0-V systems. When the VCCIO pins are
connected to a 3.3-V power supply, the output high is 3.3 V and is
therefore compatible with 3.3-V or 5.0-V systems. Devices operating with
Vecio levels lower than 4.75 V incur a nominally greater timing delay of
tODZ instead Of tOD]'

On 3.3-V FLEX 6000 devices, the VCCINT pins must be connected to a
3.3-V power supply. Additionally, 3.3-V FLEX 6000A devices can interface
with 2.5-V, 3.3-V, or 5.0-V systems when the VCCIO pins are tied to 2.5 V.
The output can drive 2.5-V systems, and the inputs can be driven by 2.5-
V, 3.3-V, or 5.0-V systems. When the VCCIO pins are tied to 3.3 V, the
output can drive 3.3-V or 5.0-V systems. MultiVoltI/Os are not supported
on 100-pin TQFP or 100-pin FineLine BGA packages.

Table 7 describes FLEX 6000 MultiVolt 1/O support.

Table 7. FLEX 6000 MultiVolt I/0 Support

Veemt | Veeio Input Signal (V) Output Signal (V)
W) W) 2.5 3.3 5.0 2.5 3.3 5.0
3.3 25 v v v v
3.3 3.3 4 A A v (1) 4 A
5.0 3.3 A A v v
5.0 5.0 \% \% \%

Note:

(1) When Vo = 3.3V, a FLEX 6000 device can drive a 2.5-V device that has 3.3-V
tolerant inputs.
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|EEE Std.
1149.1 (JTAG)

Boundary-Scan

Support

Open-drain output pins on 5.0-V or 3.3-V FLEX 6000 devices (with a pull-

up resistor to the 5.0-V supply) can drive 5.0-V CMOS input pins that

require a Vg of 3.5 V. When the open-drain pin is active, it will drive low.
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 I; current specification should be considered when
selecting a pull-up resistor.

Output pins on 5.0-V FLEX 6000 devices with Vg =3.3 Vor 5.0 V (with

a pull-up resistor to the 5.0-V supply) can also drive 5.0-V CMOS input

pins. In this case, the pull-up transistor will turn off when the pin voltage

exceeds 3.3 V. Therefore, the pin does not have to be open-drain.

Power Sequencing & Hot-Socketing

Because FLEX 6000 family devices can be used in a mixed-voltage

environment, they have been designed specifically to tolerate any possible
power-up sequence. The V-cjgand Vcnr power planes can be powered

in any order.

Signals can be driven into 3.3-V FLEX 6000 devices before and during

power up without damaging the device. Additionally, FLEX 6000 devices
do not drive out during power up. Once operating conditions are reached,

FLEX 6000 devices operate as specified by the user.

All FLEX 6000 devices provide JTAG BST circuitry that comply with the
IEEE Std. 1149.1-1990 specification. Table 8 shows JTAG instructions for

FLEX 6000 devices. JTAG BST can be performed before or after
configuration, but not during configuration (except when you disable
JTAG support in user mode).

1 See Application Note 39 (IEEE 1149.1 (JTAG) Boundary-Scan
Testing in Altera Devices) for more information on JTAG BST
circuitry.

Table 8. FLEX 6000 JTAG Instructions

JTAG Instruction

Description

SAMPLE/PRELOAD

Allows a snapshot of the 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.

EXTEST Allows the external circuitry and board-level interconnections to be tested by forcing a test
pattern at the output pins and capturing test result 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 the selected device to adjacent devices during
normal device operation.

28 Altera Corporation
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The instruction register length for FLEX 6000 devices is three bits. Table 9
shows the boundary-scan register length for FLEX 6000 devices.

Table 9. FLEX 6000 Device Boundary-Scan Register Length

Device Boundary-Scan Register Length
EPF6010A 522
EPF6016 621
EPF6016A 522
EPF6024A 666

FLEX 6000 devices include a weak pull-up on JTAG pins.

See Application Note 39 (IEEE 1149.1 (JTAG) Boundary-Scan Testing in Altera
Devices) for more information.

Figure 16 shows the timing requirements for the JTAG signals.

Figure 16. JTAG Waveforms
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Table 10 shows the JTAG timing parameters and values for FLEX 6000

devices.
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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 13. FLEX 6000 5.0-V Device DC Operating Conditions  Notes (5), (6)
Symbol Parameter Conditions Min Typ Max Unit
ViH High-level input voltage 2.0 Veoint+0.5| 'V
ViL Low-level input voltage -0.5 0.8 \
VOH 5.0-V high-level TTL output IOH =-8mADC, VCC|O =475V (7) 2.4 \
voltage
3.3-V high-level TTL output lon=-8mADC, Vggio=3.00V (7) 2.4 \
voltage
3.3-V high-level CMOS output lon=-0.1mADC,Vgei0=3.00V (7) | Vgeio—0.2 \
voltage
VOL 5.0-V low-level TTL output IOL =8mADC, VCC|O =475V (8) 0.45 \
voltage
3.3-V low-level TTL output loo=8mADC, Vegio=3.00V (8) 0.45 \
voltage
3.3-V low-level CMOS output loL =0.1mADC, Vg0 =3.00V (8) 0.2 \
voltage
I Input pin leakage current V| = Vg or ground (8) -10 10 HA
loz Tri-stated 1/0 pin leakage current | Vg = V¢ or ground (8) —40 40 HA
lcco V¢ supply current (standby) V| = ground, no load 0.5 5 mA
Table 14. FLEX 6000 5.0-V Device Capacitance  Note (9)
Symbol Parameter Conditions Min Max Unit
Cin Input capacitance for I/0 pin ViN=0V,f=1.0MHz 8 pF
CincLk | Input capacitance for dedicated input | Viy =0V, f=1.0 MHz 12 pF
Court Output capacitance Voutr=0V, f=1.0MHz 8 pF

Notes to tables:

)
@

See the Operating Requirements for Altera Devices Data Sheet.
Minimum DC input is -0.5 V. During transitions, the inputs may undershoot to —2.0 V or overshoot to 7.0 V for

input currents less than 100 mA and periods shorter than 20 ns.

)]
*
©)
(6)

page 31.

@)
®

as well as output pins.

©

32

Capacitance is sample-tested only.

Numbers in parentheses are for industrial-temperature-range devices.
Maximum V¢ rise time to 100 ms. V¢ must rise monotonically.
Typical values are for Ty =25° Cand Vo =5.0V.

These values are specified under the FLEX 6000 Recommended Operating Conditions shown in Table 12 on

The Iy parameter refers to high-level TTL or CMOS output current.
The I parameter refers to low-level TTL, PCI, or CMOS output current. This parameter applies to open-drain pins

Altera Corporation
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Table 15. FLEX 6000 3.3-V Device Absolute Maximum Ratings  Note (1)

Symbol Parameter Conditions Min Max Unit
Vee Supply voltage With respect to ground (2) -0.5 4.6 \'

V) DC input voltage -2.0 5.75 \Y

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, PLCC, and BGA packages 135 °C

Table 16. FLEX 6000 3.3-V Device Recommended Operating Conditions

Symbol Parameter Conditions Min Max Unit
Veeint | Supply voltage for internal logic and | (3), (4) 3.00 (3.00) 3.60 (3.60) \
input buffers
Voo Supply voltage for output buffers, (3), (4) 3.00 (3.00) 3.60 (3.60) \
3.3-V operation
Supply voltage for output buffers, (3), (4) 2.30 (2.30) 2.70 (2.70) \Y
2.5-V operation
vV, Input voltage -0.5 5.75 \
Vo Output voltage 0 Vecio \
Ty Operating temperature For commercial use 0 85 °C
For industrial use —40 100 °C
tg Input rise time 40 ns
tg Input fall time 40 ns
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Figure 19. FLEX 6000 Timing Model
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Table 20. IOE Timing Microparameters  Note (1)

Symbol Parameter Conditions
topt Output buffer and pad delay, slow slew rate = off, Vo0 = VeoinT C1=35pF (2)
topz Output buffer and pad delay, slow slew rate = off, V¢|o = low voltage C1=35pF (3)
tops Output buffer and pad delay, slow slew rate = on C1=35pF (4)
txz Output buffer disable delay C1=5pF
tzx1 Output buffer enable delay, slow slew rate = off, Voci0 = VeainT C1=385pF (2)
toxo Output buffer enable delay, slow slew rate = off, Vg o = low voltage C1=35pF (3)
trxs3 IOE output buffer enable delay, slow slew rate = on C1=385pF (4)
toe Output enable control delay
by Input pad and buffer to FastTrack Interconnect delay
tin_DELAY Input pad and buffer to FastTrack Interconnect delay with additional delay

turned on
Table 21. Interconnect Timing Microparameters  Note (1)

Symbol Parameter Conditions
b ocaL LAB local interconnect delay
trow Row interconnect routing delay 5)
tcoL Column interconnect routing delay (5)
toin_ D Dedicated input to LE data delay (5)

Ioin_ ¢ Dedicated input to LE control delay
Y EGLOBAL LE output to LE control via internally-generated global signal delay (5)
b ABCARRY Routing delay for the carry-out of an LE driving the carry-in signal of a
different LE in a different LAB
b aBcAsC Routing delay for the cascade-out signal of an LE driving the cascade-in
signal of a different LE in a different LAB
Table 22. External Reference Timing Parameters

Symbol Parameter Conditions
4 Register-to-register test pattern (6)
torR Register-to-register delay via 4 LEs, 3 row interconnects, and 4 local (7)

interconnects
Altera Corporation 39
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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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Device Pin- See the Altera web site (http://www.altera.com) or the Altera Digital
Outs Library for pin-out information.
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