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FLEX 6000 Programmable Logic Device Family Data Sheet

General
Description

The Altera® FLEX 6000 programmable logic device (PLD) family provides
a low-cost alternative to high-volume gate array designs. FLEX 6000
devices are based on the OptiFLEX architecture, which minimizes die size
while maintaining high performance and routability. The devices have
reconfigurable SRAM elements, which give designers the flexibility to
quickly change their designs during prototyping and design testing.
Designers can also change functionality during operation via in-circuit
reconfiguration.

FLEX 6000 devices are reprogrammable, and they are 100% tested prior to
shipment. As aresult, designers are not required to generate test vectors
for fault coverage purposes, allowing them to focus on simulation and
design verification. In addition, the designer does not need to manage
inventories of different gate array designs. FLEX 6000 devices are
configured on the board for the specific functionality required.

Table 3 shows FLEX 6000 performance for some common designs. All
performance values shown were obtained using 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
Verilog HDL, VHDL, Altera Hardware Description Language (AHDL), or
schematic design file.

Table 3. FLEX 6000 Device Performance for Common Designs

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

16-bit loadable counter 16 172 153 133 MHz
16-bit accumulator 16 172 153 133 MHz
24-bit accumulator 24 136 123 108 MHz
16-to-1 multiplexer (pin-to-pin) (1) 10 12.1 13.4 16.6 ns
16 x 16 multiplier with a 4-stage pipeline 592 84 67 58 MHz

Note:

(1) This performance value is measured as a pin-to-pin delay.
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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



FLEX 6000 Programmable Logic Device Family Data Sheet

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 6. Cascade Chain Operation
AND Cascade Chain OR Cascade Chain

LE2 LE2

d[3..0] -  LUT d[3..0] » LUT

_D_
D=

o
Eps

LE 3 LE 3
d[7..4] > LuT d[7..4] > LT
[ ]
[ ] [ ]
[ ]
| I |
LEn+1 LEn+1
d[(4n-1)..4(n-1)] > LUT :D7—> d[(4n-1)..4(n-1)] > LUT :

LE Operating Modes

The FLEX 6000 LE can operate in one of the following three modes:

B Normal mode
B Arithmetic mode
B Counter mode

Each of these modes uses LE resources differently. In each mode, seven
available inputs to the LE—the four data inputs from the LAB local
interconnect, the feedback from the programmable register, and the
carry-in and cascade-in from the previous LE—are directed to different
destinations to implement the desired logic function. LAB-wide signals
provide clock, asynchronous clear, synchronous clear, and synchronous
load control for the register. The Altera software, in conjunction with
parameterized functions such as LPM and DesignWare functions,
automatically chooses the appropriate mode for common functions such
as counters, adders, and multipliers. If required, the designer can also
create special-purpose functions to use an LE operating mode for optimal
performance.

Figure 7 shows the LE operating modes.

Altera Corporation 13
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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.
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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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24

Each IOE drives a row or column interconnect when used as an input or
bidirectional pin. A row IOE can drive up to six row lines; a column IOE
can drive up to two column lines. The input path from the I/O pad to the
FastTrack Interconnect has a programmable delay element that can be
used to guarantee a zero hold time. Depending on the placement of the
IOE relative to what it is driving, the designer may choose to turn on the
programmable delay to ensure a zero hold time. Figure 13 shows how an
IOE connects to a row interconnect, and Figure 14 shows how an IOE
connects to a column interconnect.

Figure 13. I0E Connection to Row Interconnect
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Output
Configuration

26

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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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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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
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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 26. Interconnect Timing Microparameters for EPF6010A & EPF6016A Devices

Parameter Speed Grade Unit
-1 -2 -3
Min Max Min Max Min Max
ILOCAL 0.7 0.7 1.0 ns
tROW 2.9 3.2 3.2 ns
tcoL 1.2 1.3 1.4 ns
Ibin_ D 5.4 5.7 6.4 ns
tD/NfC 4.3 5.0 6.1 ns
lLEGLOBAL 2.6 3.0 3.7 ns
I‘LABCARRY 0.7 0.8 0.9 ns
ILABCASC 1.3 1.4 1.8 ns

Table 27. External Reference Timing Parameters for EPF6010A & EPF6016A Devices

Parameter Device Speed Grade Unit
-1 -2 -3
Min Max Min Max Min Max
ty EPF6010A 37.6 43.6 53.7 ns
EPF6016A 38.0 44.0 54.1 ns

Table 28. External Timing Parameters for EPF6010A & EPF6016A Devices

Parameter Speed Grade Unit
-1 -2 -3
Min Max Min Max Min Max
tinsu 2.1 (1) 2.4 (1) 3.3 (1) ns
tinH 0.2 (2) 0.3 (2) 0.1 (2) ns
toutco 2.0 71 2.0 8.2 2.0 10.1 ns
Notes:

(1) Setup times are longer when the Increase Input Delay option is turned on. The setup time values are shown with the
Increase Input Delay option turned off.
(2) Hold time is zero when the Increase Input Delay option is turned on.
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Table 33. External Timing Parameters for EPF6016 Devices

Parameter Speed Grade Unit
-2 -3
Min Max Min Max
tinsu 3.2 4.1 ns
tiNH 0.0 0.0 ns
toutco 2.0 7.9 2.0 9.9 ns

Tables 34 through 38 show the timing information for EPF6024A devices.

Table 34. LE Timing Microparameters for EPF6024A Devices

Parameter Speed Grade Unit
-1 -2 -3
Min Max Min Max Min Max
trReG TO REG 1.2 1.3 1.6 ns
fcasc_to_REG 0.7 0.8 1.0 ns
tcarry_T0_REG 1.6 1.8 2.2 ns
IpaTA_TO_REG 1.3 1.4 1.7 ns
tcasc 10 out 1.2 1.3 1.6 ns
fcarry_TO_oUT 2.0 2.2 2.6 ns
IbaTA_TO OUT 1.8 2.1 2.6 ns
trRec 1O oUT 0.3 0.3 0.4 ns
tsy 0.9 1.0 1.2 ns
ty 1.3 1.4 1.7 ns
tco 0.2 0.3 0.3 ns
teLr 0.3 0.3 0.4 ns
tc 1.9 21 25 ns
Lo cLr 1.9 2.1 25 ns
{cARRY_TO_CARRY 0.2 0.2 0.3 ns
REG TO CARRY 1.4 1.6 1.9 ns
IpATA_TO_CARRY 1.3 1.4 1.7 ns
tcarry_TO_cAsc 1.1 1.2 1.4 ns
tcasc 10 cAsc 0.7 0.8 1.0 ns
treG 1O CASC 1.4 1.6 1.9 ns
IpaTA_TO_cASC 1.0 1.1 1.3 ns
toH 25 3.0 3.5 ns
tor 25 3.0 3.5 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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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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