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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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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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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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Figure 8. LE Clear & Preset Modes
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Asynchronous Clear

The flipflop can be cleared by either LABCTRL1 or LABCTRL2.

Asynchronous Preset

An asynchronous preset is implemented with an asynchronous clear. The
Altera software provides preset control by using the clear and inverting
the input and output of the register. Inversion control is available for the
inputs to both LEs and IOEs. Therefore, this technique can be used when
a register drives logic or drives a pin.

In addition to the two clear and preset modes, FLEX 6000 devices provide
a chip-wide reset pin (DEV_CLRn) that can reset all registers in the device.
The option to use this pin is set in the Altera software before compilation.
The chip-wide reset overrides all other control signals. Any register with
an asynchronous preset will be preset when the chip-wide reset is asserted
because of the inversion technique used to implement the asynchronous
preset.

The Altera software can use a programmable NOT-gate push-back
technique to emulate simultaneous preset and clear or asynchronous load.
However, this technique uses an additional three LEs per register.

FastTrack Interconnect

In the FLEX 6000 OptiFLEX architecture, connections between LEs and
device I/O pins are provided by the FastTrack Interconnect, a series of
continuous horizontal and vertical routing channels that traverse the
device. This global routing structure provides predictable performance,
even for complex designs. In contrast, the segmented routing in FPGAs
requires switch matrices to connect a variable number of routing paths,
increasing the delays between logic resources and reducing performance.

17
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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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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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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

Altera Corporation 33
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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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Figure 19. FLEX 6000 Timing Model
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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
40 Altera Corporation
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Table 24. LE Timing Microparameters for EPF6010A & EPF6016A Devices (Part 2 of 2)

Parameter Speed Grade Unit
-1 -2 -3
Min Max Min Max Min Max
leo 0.3 0.4 0.4 ns
leLr 0.4 0.4 0.5 ns
e 1.8 2.1 2.6 ns
o cLR 1.8 2.1 2.6 ns
lcarRY_TO_CARRY 0.1 0.1 0.1 ns
!REG_TO_CARRY 1.6 1.9 2.3 ns
IDATA_TO_CARRY 2.1 25 3.0 ns
lcarrY_t0_casc 1.0 1.1 1.4 ns
leasc_To_casc 0.5 0.6 0.7 ns
lreG_TO_cAsc 1.4 1.7 2.1 ns
IpaTA_TO CASC 1.1 1.2 1.5 ns
len 25 3.0 3.5 ns
ler 25 3.0 3.5 ns

Table 25. IOE Timing Microparameters for EPF6010A & EPF6016A Devices

Parameter Speed Grade Unit
-1 -2 -3
Min Max Min Max Min Max
ton1 1.9 2.2 2.7 ns
[ODZ 4.1 4.8 5.8 ns
tops 5.8 6.8 8.3 ns
txz 1.4 17 2.1 ns
txz1 14 17 2.1 ns
fxzz 3.6 4.3 5.2 ns
fng 5.3 6.3 7.7 ns
t/OE 0.5 0.6 0.7 ns
ty 3.6 41 5.1 ns
I/N_DELAY 4.8 5.4 6.7 ns
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Tables 29 through 33 show the timing information for EPF6016 devices.

Table 29. LE Timing Microparameters for EPF6016 Devices

Parameter Speed Grade Unit
-2 -3
Min Max Min Max
tReG_t0_REG 2.2 2.8 ns
fcasc_t0_REG 0.9 1.2 ns
tcarrY_TO_REG 1.6 2.1 ns
tpaTA_TO_REG 2.4 3.0 ns
tcasc_to_out 1.3 1.7 ns
tcarRY_TO_OUT 2.4 3.0 ns
tbaTa_TO_OUT 2.7 3.4 ns
treG_To_out 0.3 0.5 ns
tsy 1.1 1.6 ns
ty 1.8 2.3 ns
fco 0.3 0.4 ns
feLr 0.5 0.6 ns
tc 1.2 1.5 ns
tip_cLr 1.2 1.5 ns
tcarRY_TO_CARRY 0.2 0.4 ns
{REG_TO_CARRY 0.8 1.1 ns
IDATA_TO_CARRY 1.7 22 ns
tcarry_TO_cAsc 1.7 2.2 ns
fcasc_to_casc 0.9 1.2 ns
treG_TO_cASC 1.6 2.0 ns
IpaTA_TO_cASC 1.7 2.1 ns
ten 4.0 4.0 ns
ter 4.0 4.0 ns

Table 30. IOE Timing Microparameters for EPF6016 Devices

Parameter Speed Grade Unit
-2 -3
Min Max Min Max
topt 2.3 2.8 ns
tops 4.6 5.1 ns
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Table 30. IOE Timing Microparameters for EPF6016 Devices

Parameter Speed Grade Unit
-2 -3
Min Max Min Max
tOD3 4.7 5.2 ns
tXZ 2.3 2.8 ns
tzx1 2.3 2.8 ns
tzx2 4.6 5.1 ns
tzxs 4.7 5.2 ns
thE 0.5 0.6 ns
tIN 3.3 4.0 ns
iin_DELAY 4.6 5.6 ns
Table 31. Interconnect Timing Microparameters for EPF6016 Devices
Parameter Speed Grade Unit
-2 -3
Min Max Min Max
tLOCAL 0.8 1.0 ns
tROW 2.9 3.3 ns
tCOL 2.3 2.5 ns
tDlN_D 4.9 6.0 ns
tDINﬁC 4.8 6.0 ns
ti EGLOBAL 3.1 3.9 ns
t ABCARRY 0.4 0.5 ns
tLABCASC 0.8 1.0 ns
Table 32. External Reference Timing Parameters for EPF6016 Devices
Parameter Speed Grade Unit
-2 -3
Min Max Min Max
t 53.0 65.0 ns
tDRR 16.0 20.0 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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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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