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FLEX 10K Embedded Programmable Logic Device Family Data Sheet

The FLEX 10K architecture is similar to that of embedded gate arrays, the
fastest-growing segment of the gate array market. As with standard gate
arrays, embedded gate arrays implement general logic in a conventional
“sea-of-gates” architecture. In addition, embedded gate arrays have
dedicated die areas for implementing large, specialized functions. By
embedding functions in silicon, embedded gate arrays provide reduced
die area and increased speed compared to standard gate arrays. However,
embedded megafunctions typically cannot be customized, limiting the
designer’s options. In contrast, FLEX 10K devices are programmable,
providing the designer with full control over embedded megafunctions
and general logic while facilitating iterative design changes during
debugging.

Each FLEX 10K device contains an embedded array and a logic array. The
embedded array is used to implement a variety of memory functions or
complex logic functions, such as digital signal processing (DSP),
microcontroller, wide-data-path manipulation, and data-transformation
functions. The logic array performs the same function as the sea-of-gates
in the gate array: it is used to implement general logic, such as counters,
adders, state machines, and multiplexers. The combination of embedded
and logic arrays provides the high performance and high density of
embedded gate arrays, enabling designers to implement an entire system
on a single device.

FLEX 10K devices are configured at system power-up with data stored in
an Altera serial configuration device or provided by a system controller.
Altera offers the EPC1, EPC2, EPC16, and EPC1441 configuration devices,
which configure FLEX 10K devices via a serial data stream. Configuration
data can also be downloaded from system RAM or from Altera’s
BitBlaster™ serial download cable or ByteBlasterMV™ parallel port
download cable. After a FLEX 10K device has been configured, it can be
reconfigured in-circuit by resetting the device and loading new data.
Because reconfiguration requires less than 320 ms, real-time changes can
be made during system operation.

FLEX 10K devices contain an optimized interface that permits
microprocessors to configure FLEX 10K devices serially or in parallel, and
synchronously or asynchronously. The interface also enables
microprocessors to treat a FLEX 10K device as memory and configure the
device by writing to a virtual memory location, making it very easy for the
designer to reconfigure the device.
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Functional
Description

Altera Corporation

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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Figure 11. LAB Connections to Row & Column Interconnect
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Figure 12 shows the interconnection of adjacent LABs and EABs with row,

column, and local interconnects, as well as the associated cascade and
carry chains. Each LAB is labeled according to its location: a letter

represents the row and a number represents the column. For example,
LAB B3 is in row B, column 3.

Figure 12. Interconnect Resources
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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.
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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 approximately
2.9 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 slow slew rate setting
affects only the falling edge of the output.

Open-Drain Output Option

FLEX 10K devices provide an optional open-drain (electrically equivalent
to an open-collector) output for each I/O pin. This open-drain output
enables the device to provide system-level control signals (e.g., interrupt
and write enable signals) that can be asserted by any of several devices. It
can also provide an additional wired-OR plane. Additionally, the Altera
software can convert tri-state buffers with grounded data inputs to open-
drain pins automatically.

Open-drain output pins on FLEX 10K devices (with a pull-up resistor to
the 5.0-V supply) can drive 5.0-V CMOS input pins that require a Vi 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
Iop current specification should be considered when selecting a pull-up
resistor.

Output pins on 5.0-V FLEX 10K devices with Vo =3.3 V or 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.

MultiVolt I/0 Interface

The FLEX 10K device architecture supports the MultiVolt I/O interface
feature, which allows FLEX 10K devices to interface with systems of
differing supply voltages. These devices have one set of V¢ pins for
internal operation and input buffers (VCCl NT) and another set for I/O
output drivers (VCCl O).
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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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Notes to tables:

)
@

®3)
*)
©)
(O]
™)
®

©)

See the Operating Requirements for Altera Devices Data Sheet.

Minimum DC input voltage is —0.5 V. During transitions, the inputs may undershoot to —2.0 V for input currents
less than 100 mA and periods shorter than 20 ns.

Numbers in parentheses are for industrial-temperature-range devices.

Maximum V¢ rise time is 100 ms. V¢ must rise monotonically.

Typical values are for T, =25° Cand Vcc =5.0 V.

These values are specified under the Recommended Operation Condition shown in Table 18 on page 45.

The Ipy parameter refers to high-level TTL or CMOS output current.

The I parameter refers to low-level TTL or CMOS output current. This parameter applies to open-drain pins as
well as output pins.

This value is specified for normal device operation. The value may vary during power-up.

(10) Capacitance is sample-tested only.

Figure 20 shows the typical output drive characteristics of FLEX 10K
devices with 5.0-V and 3.3-V V¢jo. The output driver is compliant with
the 5.0-V PCI Local Bus Specification, Revision 2.2 (for 5.0-V Vo).

Figure 20. Output Drive Characteristics of FLEX 10K Devices
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Table 27. FLEX 10KA 3.3-V Device Recommended Operating Conditions

Symbol Parameter Conditions Min Max Unit
Veaint | Supply voltage for internal logic | (3), (4) 3.00 (3.00) | 3.60(3.60) | V
and input buffers
Veeio | Supply voltage for output 3), (4) 3.00 (3.00) | 3.60 (3.60) \Y
buffers, 3.3-V operation
Supply voltage for output 3), (4) 2.30 (2.30) | 2.70 (2.70) | V
buffers, 2.5-V operation
\Z Input voltage (5) -0.5 5.75 \%
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 51
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Figure 23. Output Drive Characteristics for EPF10K250A Device
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Timing Model

Altera Corporation

The continuous, high-performance FastTrack Interconnect routing
resources ensure predictable performance and accurate simulation and
timing analysis. This predictable performance contrasts with that of
FPGAs, which use a segmented connection scheme and therefore have
unpredictable performance.

Device performance can be estimated by following the signal path from a
source, through the interconnect, to the destination. For example, the
registered performance between two LEs on the same row can be
calculated by adding the following parameters:

LE register clock-to-output delay (t-p)
Interconnect delay (f54peroW)

LE look-up table delay (¢ ;1)

LE register setup time (tg;;)

The routing delay depends on the placement of the source and destination
LEs. A more complex registered path may involve multiple combinatorial
LEs between the source and destination LEs.
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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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Table 60. EPF10K70 Device EAB Internal Timing Macroparameters  Note (1)
Symbol -2 Speed Grade -3 Speed Grade -4 Speed Grade Unit
Min Max Min Max Min Max

teABAA 12.1 13.7 17.0 ns
teABRCCOMB 12.1 13.7 17.0 ns
tEABRCREG 8.6 9.7 11.9 ns
teaBwP 5.2 5.8 7.2 ns
teaBWCCOMB 6.5 7.3 9.0 ns
tEABWCREG 11.6 13.0 16.0 ns
teABDD 8.8 10.0 12.5 ns
tEABDATACO 17 2.0 34 ns
tEABDATASU 4.7 5.3 5.6 ns
tEABDATAH 0.0 0.0 0.0 ns
teABWESU 4.9 5.5 5.8 ns
tEABWEH 0.0 0.0 0.0 ns
teABWDSU 1.8 2.1 2.7 ns
teABWDH 0.0 0.0 0.0 ns
teABWASU 41 4.7 5.8 ns
tEABWAH 0.0 0.0 0.0 ns
teaBWO 8.4 9.5 11.8 ns
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Table 69. EPF10K100 Device External Timing Parameters  Note (1)

Symbol -3DX Speed Grade -3 Speed Grade -4 Speed Grade Unit
Min Max Min Max Min Max
tprRR 19.1 19.1 24.2 ns
tinsu (@), (3), (4) 7.8 7.8 8.5 ns
toutco (3), (4) 2.0 11.1 2.0 11.1 2.0 14.3 ns
ting (3) 0.0 0.0 0.0 ns
tinsu (2), 3), (5) 6.2 - - ns
toutco (3), (5) 2.0 6.7 - - ns
Table 70. EPF10K100 Device External Bidirectional Timing Parameters  Note (1)
Symbol -3DX Speed Grade -3 Speed Grade -4 Speed Grade Unit
Min Max Min Max Min Max
tinsusiDir (4) 8.1 8.1 10.4 ns
tinveiDiR (4) 0.0 0.0 0.0 ns
toutcoriDIR (4) 2.0 11.1 2.0 11.1 2.0 14.3 ns
txzBIDIR 4) 15.3 15.3 18.4 ns
tzxgiDIR (4) 15.3 15.3 18.4 ns
tinsusipir (5) 9.1 - - ns
tinteiDIR () 0.0 - - ns
toutcosiDir (5) 2.0 7.2 — _ _ _ s
txzioir (5) 14.3 - - ns
tzxsiDIR (5) 14.3 - _ ns

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.

(4) This parameter is measured without the use of the ClockLock or ClockBoost circuits.
(5) This parameter is measured with the use of the ClockLock or ClockBoost circuits.
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Table 75. EPF10K50V Device Interconnect Timing Microparameters  Note (1)

Symbol -1 Speed Grade -2 Speed Grade -3 Speed Grade -4 Speed Grade Unit
Min Max Min Max Min Max Min Max

tbin2IoE 4.7 6.0 7.1 8.2 ns
toiNzLE 2.5 2.6 3.1 3.9 ns
tbin2DATA 4.4 5.9 6.8 7.7 ns
tbcLk210E 2.5 3.9 4.7 55 ns
tbcLkaLE 2.5 2.6 3.1 3.9 ns
tSAMELAB 0.2 0.2 0.3 0.3 ns
tsAMEROW 2.8 3.0 3.2 3.4 ns
ISAMECOLUMN 3.0 3.2 3.4 3.6 ns
IpiFFROW 5.8 6.2 6.6 7.0 ns
trworows 8.6 9.2 9.8 10.4 ns
Y EPERIPH 4.5 5.5 6.1 7.0 ns
tLABCARRY 03 0.4 0.5 0.7 ns
t ABCASC 0.0 1.3 1.6 2.0 ns

Table 76. EPF10K50V Device External Timing Parameters  Note (1)

Symbol -1 Speed Grade -2 Speed Grade -3 Speed Grade -4 Speed Grade Unit
Min Max Min Max Min Max Min Max

torRR 11.2 14.0 17.2 21.1 ns

tinsu (2), (3) 5.5 4.2 5.2 6.9 ns

tinn (3) 0.0 0.0 0.0 0.0 ns

toutco (3) 2.0 5.9 2.0 7.8 2.0 9.5 2.0 11.1 ns

Table 77. EPF10K50V Device External Bidirectional Timing Parameters  Note (1)

Symbol -1 Speed Grade -2 Speed Grade -3 Speed Grade -4 Speed Grade Unit
Min Max Min Max Min Max Min Max

tINSUBIDIR 2.0 2.8 3.5 4.1 ns

tiNHBIDIR 0.0 0.0 0.0 0.0 ns

tOUTCOB|D|R 2.0 5.9 2.0 7.8 2.0 9.5 2.0 11.1 ns

txzBIDIR 8.0 9.8 11.8 14.3 ns

tZXB|D|R 8.0 9.8 11.8 14.3 ns
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Table 89. EPF10K10A Device Interconnect Timing Microparameters  Note (1)

Symbol -1 Speed Grade -2 Speed Grade -3 Speed Grade Unit
Min Max Min Max Min Max
tpin2ioE 4.2 5.0 6.5 ns
toiNzLE 2.2 2.6 3.4 ns
tbin2DATA 4.3 5.2 7.1 ns
tbcLk2I0E 4.2 4.9 6.6 ns
tbcLkaLE 2.2 2.6 3.4 ns
tSAMELAB 0.1 0.1 0.2 ns
tsAMEROW 22 2.4 2.9 ns
ISAMECOLUMN 0.8 1.0 1.4 ns
IpiFFROW 3.0 3.4 4.3 ns
trworows 5.2 5.8 7.2 ns
Y EPERIPH 1.8 2.2 2.8 ns
YL ABCARRY 0.5 0.5 0.7 ns
t ABCASC 0.9 1.0 15 ns

Table 90. EPF10K10A External Reference Timing Parameters  Notfe (1)

Symbol -1 Speed Grade -2 Speed Grade -3 Speed Grade Unit
Min Max Min Max Min Max
torRR 10.0 12.0 16.0 ns
tinsu (), (3) 1.6 2.1 2.8 ns
tin (3) 0.0 0.0 0.0 ns
toutco (3) 2.0 5.8 2.0 6.9 2.0 9.2 ns

Table 91. EPF10K10A Device External Bidirectional Timing Parameters  Note (1)

Symbol -2 Speed Grade -3 Speed Grade -4 Speed Grade Unit
Min Max Min Max Min Max
tiINSUBIDIR 2.4 3.3 45 ns
tiNHBIDIR 0.0 0.0 0.0 ns
tOUTCOB|D|R 2.0 5.8 2.0 6.9 2.0 9.2 ns
txzBIDIR 6.3 7.5 9.9 ns
tzxBIDIR 6.3 7.5 9.9 ns
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Table 102. EPF10K100A 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 6.8 7.8 9.2 ns
teABRCCOMB 6.8 7.8 9.2 ns
tEABRCREG 5.4 6.2 7.4 ns
teaBwP 3.2 3.7 4.4 ns
teaBWCCOMB 3.4 3.9 47 ns
{EABWCREG 9.4 10.8 12.8 ns
tEABDD 6.1 6.9 8.2 ns
teABDATACO 2.1 2.3 2.9 ns
{EABDATASU 3.7 4.3 5.1 ns
tEABDATAH 0.0 0.0 0.0 ns
tEABWESU 2.8 3.3 3.8 ns
teABWEN 0.0 0.0 0.0 ns
tEABWDSU 3.4 4.0 4.6 ns
tEABWDH 0.0 0.0 0.0 ns
tEABWASU 1.9 2.3 2.6 ns
tEABWAH 0.0 0.0 0.0 ns
tEABWO 5.1 5.7 6.9 ns
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Table 103. EPF10K100A Device Interconnect Timing Microparameters  Noie (1)
Symbol -1 Speed Grade -2 Speed Grade -3 Speed Grade Unit
Min Max Min Max Min Max
toiN2IOE 4.8 5.4 6.0 ns
tDIN2LE 2.0 2.4 2.7 ns
{DIN2DATA 2.4 2.7 2.9 ns
tbcLk210E 2.6 3.0 35 ns
tbcLkeoLE 2.0 2.4 2.7 ns
{sAMELAB 0.1 0.1 0.1 ns
tsAMEROW 15 1.7 1.9 ns
tsamMECOLUMN 5.5 6.5 7.4 ns
IbiIFFROW 7.0 8.2 9.3 ns
trworows 8.5 9.9 11.2 ns
Y EPERIPH 3.9 4.2 45 ns
YL ABCARRY 0.2 0.2 0.3 ns
fLaBCASC 0.4 0.5 0.6 ns
Table 104. EPF10K100A Device External Timing Parameters  Note (1)
Symbol -1 Speed Grade -2 Speed Grade -3 Speed Grade Unit
Min Max Min Max Min Max
tbRR 12.5 14.5 17.0 ns
tinsu (2), (3) 3.7 45 5.1 ns
tin (3) 0.0 0.0 0.0 ns
toutco (3) 2.0 5.3 2.0 6.1 2.0 7.2 ns
Table 105. EPF10K100A Device External Bidirectional Timing Parameters  Note (1)
Symbol -1 Speed Grade -2 Speed Grade -3 Speed Grade Unit
Min Max Min Max Min Max
tiINSUBIDIR 4.9 5.8 6.8 ns
tINHBIDIR 0.0 0.0 0.0 ns
tOUTCOB|D|R 2.0 53 2.0 6.1 2.0 7.2 ns
tXZBIDIR 7.4 8.6 10.1 ns
tzxBIDIR 7.4 8.6 10.1 ns
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Notes to tables:

(1) All timing parameters are described in Tables 32 through 37 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.

ClockLock & For the ClockLock and ClockBoost circuitry to function properly, the
incoming clock must meet certain requirements. If these specifications are

ClockBoost not met, the circuitry may not lock onto the incoming clock, which

Ti mlng generates an erroneous clock within the device. The clock generated by
the ClockLock and ClockBoost circuitry must also meet certain

Parameters specifications. If the incoming clock meets these requirements during

configuration, the ClockLock and ClockBoost circuitry will lock onto the
clock during configuration. The circuit will be ready for use immediately
after configuration. Figure 31 illustrates the incoming and generated clock
specifications.

Figure 31. Specifications for the Incoming & Generated Clocks

The t; parameter refers to the nominal input clock period; the ty parameter refers to the
nominal output clock period.
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Table 113 summarizes the ClockLock and ClockBoost parameters.

Table 113. ClockLock & ClockBoost Parameters  (Part 1 of 2)
Symbol Parameter Min | Typ | Max | Unit
tR Input rise time 2 ns
te Input fall time 2 ns
tivouty | Input duty cycle 45 55 %
foke Input clock frequency (ClockBoost clock multiplication factor equals 1) 30 80 MHz
toke Input clock period (ClockBoost clock multiplication factor equals 1) 12.5 33.3 ns
foLke Input clock frequency (ClockBoost clock multiplication factor equals 2) 16 50 MHz
toLke Input clock period (ClockBoost clock multiplication factor equals 2) 20 62.5 ns
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