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FLEX 10K Embedded Programmable Logic Device Family Data Sheet

Table 2. FLEX 10K Device Features

Feature EPF10K70 EPF10K100 EPF10K130V EPF10K250A
EPF10K100A

Typical gates (logic and 70,000 100,000 130,000 250,000
RAM) (1)
Maximum system gates 118,000 158,000 211,000 310,000
LEs 3,744 4,992 6,656 12,160
LABs 468 624 832 1,520
EABs 9 12 16 20
Total RAM bits 18,432 24,576 32,768 40,960
Maximum user 1/O pins 358 406 470 470

Note to tables:

(1) The embedded IEEE Std. 1149.1 JTAG circuitry adds up to 31,250 gates in addition to the listed typical or maximum

system gates.

...and More
Features

—  Devices are fabricated on advanced processes and operate with

a 3.3-V or 5.0-V supply voltage (see Table 3

- In-circuit reconfigurability (ICR) via external configuration
device, intelligent controller, or JTAG port

- ClockLock™ and ClockBoost™ options for reduced clock
delay/skew and clock multiplication

—  Built-in low-skew clock distribution trees

- 100% functional testing of all devices; test vectors or scan chains

are not required

Table 3. Supply Voltages for FLEX 10K & FLEX 10KA Devices

5.0-V Devices 3.3-V Devices
EPF10K10 EPF10K10A
EPF10K20 EPF10K30A
EPF10K30 EPF10K50V
EPF10K40 EPF10K100A
EPF10K50 EPF10K130V
EPF10K70 EPF10K250A
EPF10K100
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Flexible interconnect

- FastTrack® Interconnect continuous routing structure for fast,
predictable interconnect delays

- Dedicated carry chain that implements arithmetic functions such
as fast adders, counters, and comparators (automatically used by
software tools and megafunctions)

—  Dedicated cascade chain that implements high-speed,
high-fan-in logic functions (automatically used by software tools
and megafunctions)

—  Tri-state emulation that implements internal tri-state buses

- Up to six global clock signals and four global clear signals

Powerful I/O pins

- Individual tri-state output enable control for each pin

—  Open-drain option on each I/O pin

—  Programmable output slew-rate control to reduce switching
noise

- FLEX 10KA devices support hot-socketing

Peripheral register for fast setup and clock-to-output delay

Flexible package options

— Auvailable in a variety of packages with 84 to 600 pins (see
Tables 4 and 5)

—  Pin-compatibility with other FLEX 10K devices in the same
package

- FineLine BGA™ packages maximize board space efficiency

Software design support and automatic place-and-route provided by

Altera development systems for Windows-based PCs and Sun

SPARCstation, HP 9000 Series 700/800 workstations

Additional design entry and simulation support provided by EDIF

200 and 3 0 0 netlist files, library of parameterized modules (LPM),

DesignWare components, Verilog HDL, VHDL, and other interfaces

to popular EDA tools from manufacturers such as Cadence,

Exemplar Logic, Mentor Graphics, OrCAD, Synopsys, Synplicity,

VeriBest, and Viewlogic
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Functional
Description
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For more information, see the following documents:

Configuration Devices for APEX & FLEX Devices Data Sheet

BitBlaster Serial Download Cable Data Sheet

ByteBlasterMV Parallel Port Download Cable Data Sheet

Application Note 116 (Configuring APEX 20K, FLEX 10K & FLEX 6000
Devices)

FLEX 10K devices are supported by Altera development systems; single,
integrated packages that offer 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 10K architecture.

The Altera development systems run on Windows-based PCs and Sun
SPARCstation, and HP 9000 Series 700/800 workstations.

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

Each FLEX 10K device contains an embedded array to implement
memory and specialized logic functions, and a logic array to implement
general logic.

The embedded array consists of a series of EABs. When implementing
memory functions, each EAB provides 2,048 bits, which can be used to
create RAM, ROM, dual-port RAM, or first-in first-out (FIFO) functions.
When implementing logic, each EAB can contribute 100 to 600 gates
towards complex logic functions, such as multipliers, microcontrollers,
state machines, and DSP functions. EABs can be used independently, or
multiple EABs can be combined to implement larger functions.
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Logic functions are implemented by programming the EAB with a read-
only pattern during configuration, creating a large LUT. With LUTs,
combinatorial functions are implemented by looking up the results, rather
than by computing them. This implementation of combinatorial functions
can be faster than using algorithms implemented in general logic, a
performance advantage that is further enhanced by the fast access times
of EABs. The large capacity of EABs enables designers to implement
complex functions in one logic level without the routing delays associated
with linked LEs or field-programmable gate array (FPGA) RAM blocks.
For example, a single EAB can implement a 4 x 4 multiplier with eight
inputs and eight outputs. Parameterized functions such as LPM functions
can automatically take advantage of the EAB.

The EAB provides advantages over FPGAs, which implement on-board
RAM as arrays of small, distributed RAM blocks. These FPGA RAM
blocks contain delays that are less predictable as the size of the RAM
increases. In addition, FPGA RAM blocks are prone to routing problems
because small blocks of RAM must be connected together to make larger
blocks. In contrast, EABs can be used to implement large, dedicated blocks
of RAM that eliminate these timing and routing concerns.

EABs can be used to implement synchronous RAM, which is easier to use
than asynchronous RAM. A circuit using asynchronous RAM must
generate the RAM write enable (VE) signal, while ensuring that its data
and address signals meet setup and hold time specifications relative to the
VE signal. In contrast, the EAB’s synchronous RAM generates its own W\E
signal and is self-timed with respect to the global clock. A circuit using the
EAB’s self-timed RAM need only meet the setup and hold time
specifications of the global clock.

When used as RAM, each EAB can be configured in any of the following
sizes: 256 x 8, 512 x 4,1,024 x 2, or 2,048 x 1. See Figure 2.

Figure 2. EAB Memory Configurations

] i

256 x 8 512 x4 1,024 x 2 2,048 x 1
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Logic Array Block

Each LAB consists of eight LEs, their associated carry and cascade chains,
LAB control signals, and the LAB local interconnect. The LAB provides
the coarse-grained structure to the FLEX 10K architecture, facilitating
efficient routing with optimum device utilization and high performance.
See Figure 5.

Figure 5. FLEX 10K LAB
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Notes:

(1) EPF10K10, EPF10K10A, EPF10K20, EPF10K30, EPF10K30A, EPF10K40, EPF10K50, and EPF10K50V devices have
22 inputs to the LAB local interconnect channel from the row; EPF10K70, EPF10K100, EPF10K100A, EPF10K130V,
and EPF10K250A devices have 26.

(2) EPF10K10, EPF10K10A, EPF10K20, EPF10K30, EPF10K30A, EPF10K40, EPF10K50, and EPF10K50V devices have
30 LAB local interconnect channels; EPF10K70, EPF10K100, EPF10K100A, EPF10K130V, and EPF10K250A devices
have 34 LABs.

Altera Corporation 13
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The programmable flipflop in the LE can be configured for D, T, JK, or SR
operation. The clock, clear, and preset control signals on the flipflop can
be driven by global signals, general-purpose I/O pins, or any internal
logic. For combinatorial functions, the flipflop is bypassed and the output
of the LUT drives the output of the LE.

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

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

Carry Chain

The carry chain provides a very fast (as low as 0.2 ns) carry-forward
function between LEs. The carry-in signal from a lower-order bit drives
forward into the higher-order bit via the carry chain, and feeds into both
the LUT and the next portion of the carry chain. This feature allows the
FLEX 10K architecture to implement high-speed counters, adders, and
comparators of arbitrary width efficiently. Carry chain logic can be
created automatically by the Compiler during design processing, or
manually by the designer during design entry. Parameterized functions
such as LPM and DesignWare functions automatically take advantage of
carry chains.

Carry chains longer than eight LEs are automatically implemented by
linking LABs together. For enhanced fitting, a long carry chain skips
alternate LABs in a row. A carry chain longer than one LAB skips either
from even-numbered LAB to even-numbered LAB, or from odd-
numbered LAB to odd-numbered LAB. For example, the last LE of the
first LAB in a row carries to the first LE of the third LAB in the row. The
carry chain does not cross the EAB at the middle of the row. For instance,
in the EPF10K50 device, the carry chain stops at the eighteenth LAB and a
new one begins at the nineteenth LAB.

15
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Figure 10. LE Clear & Preset Modes
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The flipflop can be cleared by either LABCTRL1 or LABCTRL2. In this
mode, the preset signal is tied to V¢ to deactivate it.
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Each IOE selects the clock, clear, clock enable, and output enable controls
from a network of I/O control signals called the peripheral control bus.
The peripheral control bus uses high-speed drivers to minimize signal
skew across devices; it provides up to 12 peripheral control signals that
can be allocated as follows:

Up to eight output enable signals
Up to six clock enable signals

Up to two clock signals

Up to two clear signals

If more than six clock enable or eight output enable signals are required,
each IOE on the device can be controlled by clock enable and output
enable signals driven by specific LEs. In addition to the two clock signals
available on the peripheral control bus, each IOE can use one of two
dedicated clock pins. Each peripheral control signal can be driven by any
of the dedicated input pins or the first LE of each LAB in a particular row.
In addition, an LE in a different row can drive a column interconnect,
which causes a row interconnect to drive the peripheral control signal.
The chip-wide reset signal will reset all IOE registers, overriding any other
control signals.

Tables 8 and 9 list the sources for each peripheral control signal, and the
rows that can drive global signals. These tables also show how the output
enable, clock enable, clock, and clear signals share 12 peripheral control
signals.

31
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Table 12 describes the FLEX 10K device supply voltages and MultiVolt
1/0O support levels.

Table 12. Supply Voltages & MultiVolt I/0 Support Levels

Devices Supply Voltage (V) MultiVolt I/0 Support Levels (V)
Veoint Vecio Input Output
FLEX 10K (1) 5.0 5.0 3.30r5.0 5.0
5.0 33 3.30r5.0 3.30r5.0
EPF10K50V (1) 3.3 3.3 3.30r5.0 3.30r5.0
EPF10K130V 3.3 3.3 3.30r5.0 3.30r5.0
FLEX 10KA (1) 33 33 2.5,3.3,0r5.0 3.30r5.0
33 25 25,3.3,0r5.0 25

Note

(1) 240-pin QFP packages do not support the MultiVolt I/O features, so they do not have separate Vg pins.

IEEE Std.
1149.1 (JTAG)
Boundary-Scan
Support

40

Power Sequencing & Hot-Socketing

Because FLEX 10K devices can be used in a multi-voltage environment,
they have been designed specifically to tolerate any possible power-up
sequence. The Vo and Vet power supplies can be powered in any
order.

Signals can be driven into FLEX 10KA devices before and during power
up without damaging the device. Additionally, FLEX 10KA devices do
not drive out during power up. Once operating conditions are reached,
FLEX 10KA devices operate as specified by the user.

Al FLEX 10K devices provide JTAG BST circuitry that complies with the
IEEE Std. 1149.1-1990 specification. All FLEX 10K devices can also be
configured using the JTAG pins through the BitBlaster serial download
cable, or ByteBlasterMV parallel port download cable, or via hardware
that uses the Jam™ programming and test language. JTAG BST can be
performed before or after configuration, but not during configuration.
FLEX 10K devices support the JTAG instructions shown in Table 13.

Altera Corporation
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Table 18. FLEX 10K 5.0-V Device Recommended Operating Conditions

Symbol Parameter Conditions Min Max Unit
Veaint | Supply voltage for internal logic | (3), (4) 4.75(4.50) | 5.25(5.50) | V
and input buffers
Veeio | Supply voltage for output 3), (4) 4.75 (4.50) | 5.25 (5.50) \Y
buffers, 5.0-V operation
Supply voltage for output 3), (4) 3.00 (3.00) | 3.60(3.60) | V
buffers, 3.3-V operation
\Z Input voltage -0.5 Veent 051 V
Vo Output voltage 0 Veeio \Y
Ta Ambient temperature For commercial use 0 70 °C
For industrial use -40 85 °C
T, Operating temperature For commercial use 0 85 °C
For industrial use -40 100 °C
tr Input rise time 40 ns
tg Input fall time 40 ns

Altera Corporation 45
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Figure 22 shows the typical output drive characteristics of EPF10K10A,
EPF10K30A, EPF10K100A, and EPF10K250A devices with 3.3-V and 2.5-V
Vccio- The output driver is compliant with the 3.3-V PCI Local Bus
Specification, Revision 2.2 (with 3.3-V V ¢jp). Moreover, device analysis
shows that the EPF10K10A, EPF10K30A, and EPF 10K100A devices can
drive a 5.0-V PCI bus with eight or fewer loads.

Figure 22. Output Drive Characteristics for EPF10K10A, EPF10K30A & EPF10K100A Devices
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Figure 23 shows the typical output drive characteristics of the
EPF10K250A device with 3.3-V and 2.5-V V¢cio.

Altera Corporation
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Timing simulation and delay prediction are available with the
MAX+PLUS II Simulator and Timing Analyzer, or with industry-
standard EDA tools. The Simulator offers both pre-synthesis functional
simulation to evaluate logic design accuracy and post-synthesis timing
simulation with 0.1-ns resolution. The Timing Analyzer provides point-
to-point timing delay information, setup and hold time analysis, and
device-wide performance analysis.

Figure 24 shows the overall timing model, which maps the possible paths
to and from the various elements of the FLEX 10K device.

Figure 24. FLEX 10K Device Timing Model
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Figure 26. FLEX 10K Device IOE Timing Model
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Figures 28 shows the timing model for bidirectional I/O pin timing.
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Table 32. LE Timing Microparameters (Part2 of 2)  Note (1)

Symbol Parameter Conditions

tsu LE register setup time for data and enable signals before clock; LE register
recovery time after asynchronous clear, preset, or load
ty LE register hold time for data and enable signals after clock
tPRE LE register preset delay
tcir LE register clear delay
tcH Minimum clock high time from clock pin
teL Minimum clock low time from clock pin
Table 33. IOE Timing Microparameters Note (1)

Symbol Parameter Conditions
tiop IOE data delay
tioc IOE register control signal delay
tioco IOE register clock-to-output delay
tiocoms IOE combinatorial delay
tiosu IOE register setup time for data and enable signals before clock; IOE register

recovery time after asynchronous clear

tioH IOE register hold time for data and enable signals after clock
tlocLr IOE register clear time
top1 Output buffer and pad delay, slow slew rate = off, Vccio = Veaint C1=35pF (2)
topz Output buffer and pad delay, slow slew rate = off, Voc o = low voltage C1=35pF (3)
tops Output buffer and pad delay, slow slew rate = on C1=35pF (4)
tyz IOE output buffer disable delay
tzx1 IOE output buffer enable delay, slow slew rate = off, Vccio = Veaint C1=35pF (2)
tzx2 IOE output buffer enable delay, slow slew rate = off, Vc¢ o = low voltage C1=35pF (3)
tzx3 IOE output buffer enable delay, slow slew rate = on C1=35pF (4)
tINREG IOE input pad and buffer to IOE register delay
tiorp IOE register feedback delay
tincomB IOE input pad and buffer to FastTrack Interconnect delay

60
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Table 40. EPF10K10 & EPF10K20 Device I0E Timing Microparameters ~ Note (1)
Symbol -3 Speed Grade -4 Speed Grade Unit
Min Max Min Max
tiop 1.3 1.6 ns
tioc 0.5 0.7 ns
tioco 0.2 0.2 ns
tiocoms 0.0 0.0 ns
tiosu 2.8 3.2 ns
tioH 1.0 1.2 ns
tiocLr 1.0 1.2 ns
top1 2.6 3.5 ns
top2 4.9 6.4 ns
tops 6.3 8.2 ns
txz 4.5 5.4 ns
trx1 4.5 5.4 ns
tzxo 6.8 8.3 ns
tzxs 8.2 10.1 ns
tNREG 6.0 7.5 ns
tiorFD 3.1 35 ns
tincomB 3.1 3.5 ns
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Table 43. EPF10K10 Device Interconnect Timing Microparameters  Note (1)
Symbol -3 Speed Grade -4 Speed Grade Unit
Min Max Min Max
toinzioE 4.8 6.2 ns
IpiNzLE 2.6 3.8 ns
IpinzDATA 43 5.2 ns
IpcLk210E 3.4 4.0 ns
tbcLkaLE 2.6 3.8 ns
tSAMELAB 0.6 0.6 ns
tsAMEROW 3.6 3.8 ns
tSAMECOLUMN 0.9 1.1 ns
IpIFFROW 45 4.9 ns
trworows 8.1 8.7 ns
Y EPERIPH 33 3.9 ns
Y ABCARRY 0.5 0.8 ns
fLaBCASC 2.7 3.0 ns
Table 44. EPF10K20 Device Interconnect Timing Microparameters  Note (1)
Symbol -3 Speed Grade -4 Speed Grade Unit
Min Max Min Max

tpinzioE 5.2 6.6 ns
tpiNz2LE 2.6 3.8 ns
tpiN2DATA 4.3 5.2 ns
IpcLk2I10E 4.3 4.0 ns
IpcLK2LE 2.6 3.8 ns
tSAMELAB 0.6 0.6 ns
tsAMEROW 3.7 3.9 ns
{SAMECOLUMN 14 1.6 ns
{piIFFROW 5.1 5.5 ns
trworows 8.8 9.4 ns
Y EPERIPH 4.7 5.6 ns
{ ABCARRY 0.5 0.8 ns
taBcAsC 2.7 3.0 ns

70
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Table 82. EPF10K130V Device Interconnect Timing Microparameters  Note (1)

Symbol -2 Speed Grade -3 Speed Grade -4 Speed Grade Unit
Min Max Min Max Min Max

toinzioE 8.0 9.0 9.5 ns
IpiNzLE 2.4 3.0 3.1 ns
IpinzDATA 5.0 6.3 7.4 ns
IpcLk210E 3.6 4.6 5.1 ns
tbcLkaLE 2.4 3.0 3.1 ns
tSAMELAB 0.4 0.6 0.8 ns
tsAMEROW 4.5 5.3 6.5 ns
tSAMECOLUMN 9.0 9.5 9.7 ns
tOIFFROW 135 14.8 16.2 ns
trtworows 18.0 20.1 22.7 ns
L EPERIPH 8.1 8.6 9.5 ns
Y ABCARRY 0.6 0.8 1.0 ns
tLaBCASC 0.8 1.0 1.2 ns

Table 83. EPF10K130V Device External Timing Parameters Note (1)

Symbol -2 Speed Grade -3 Speed Grade -4 Speed Grade Unit

Min Max Min Max Min Max
tDrRR 15.0 19.1 24.2 ns
tinsu (2), (3) 6.9 8.6 11.0 ns
tiy (3) 0.0 0.0 0.0 ns
touTco (3) 2.0 7.8 2.0 9.9 2.0 11.3 ns

Table 84. EPF10K130V Device External Bidirectional Timing Parameters  Note (1)

Symbol -2 Speed Grade -3 Speed Grade -4 Speed Grade Unit
Min Max Min Max Min Max
tINSUBIDIR 6.7 8.5 10.8 ns
tINHBIDIR 0.0 0.0 0.0 ns
tOUTCOB|D|R 2.0 6.9 2.0 8.8 2.0 10.2 ns
txzBIDIR 12.9 16.4 19.3 ns
tZXB|D|R 12.9 16.4 19.3 ns
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Notes to tables:

(1)  All timing parameters are described in Tables 32 through 38 in this data sheet.
(2) Using an LE to register the signal may provide a lower setup time.

(3) This parameter is specified by characterization.

Tables 92 through 98 show EPF10K30A device internal and external
timing parameters.

Table 92. EPF10K30A Device LE Timing Microparameters Note (1)
Symbol -1 Speed Grade -2 Speed Grade -3 Speed Grade Unit
Min Max Min Max Min Max
tLuT 0.8 1.1 1.5 ns
teLut 0.6 0.7 1.0 ns
trLUT 1.2 15 2.0 ns
tpACKED 0.6 0.6 1.0 ns
ten 1.3 15 2.0 ns
teico 0.2 0.3 0.4 ns
tcceN 0.8 1.0 1.3 ns
tcGENR 0.6 0.8 1.0 ns
tcasc 0.9 1.1 1.4 ns
tc 1.1 1.3 1.7 ns
teo 0.4 0.6 0.7 ns
tcoms 0.6 0.7 0.9 ns
tsy 0.9 0.9 1.4 ns
ty 11 13 17 ns
tpRE 0.5 0.6 0.8 ns
tolr 0.5 0.6 0.8 ns
ten 3.0 35 4.0 ns
teL 3.0 3.5 4.0 ns
Table 93. EPF10K30A Device IOE Timing Microparameters  Note (1) (Part 1 of 2)
Symbol -1 Speed Grade -2 Speed Grade -3 Speed Grade Unit
Min Max Min Max Min Max
top 2.2 2.6 3.4 ns
tioc 0.3 0.3 0.5 ns
tioco 0.2 0.2 0.3 ns
tiocoms 0.5 0.6 0.8 ns
tiosu 1.4 1.7 2.2 ns
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Table 95. EPF10K30A Device EAB Internal Timing Macroparameters  Note (1)
Symbol -1 Speed Grade -2 Speed Grade -3 Speed Grade Unit
Min Max Min Max Min Max
teaBAA 9.7 11.6 16.2 ns
teABRCCOMB 9.7 11.6 16.2 ns
lEABRCREG 5.9 7.1 9.7 ns
teaBWP 3.8 45 5.9 ns
teABwccomB 4.0 4.7 6.3 ns
lEABWCREG 9.8 11.6 16.6 ns
teABDD 9.2 11.0 16.1 ns
tEABDATACO 1.7 21 3.4 ns
lEABDATASU 2.3 2.7 3.5 ns
tEABDATAH 0.0 0.0 0.0 ns
tEABWESU 3.3 3.9 4.9 ns
teABWEN 0.0 0.0 0.0 ns
lEABWDSU 3.2 3.8 5.0 ns
tEABWDH 0.0 0.0 0.0 ns
tEABWASU 3.7 4.4 5.1 ns
tEABWAH 0.0 0.0 0.0 ns
tEABWO 6.1 7.3 11.3 ns
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Notes:
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