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FLEX 10K Embedded Programmable Logic Device Family Data Sheet

Notes to tables:

(1) FLEX 10K and FLEX 10KA device package types include plastic J-lead chip carrier (PLCC), thin quad flat pack
(TQEFP), plastic quad flat pack (PQFP), power quad flat pack (RQFP), ball-grid array (BGA), pin-grid array (PGA),
and FineLine BGA™ packages.

(2) This option is supported with a 256-pin FineLine BGA package. By using SameFrame pin migration, all FineLine
BGA packages are pin compatible. For example, a board can be designed to support both 256-pin and 484-pin
FineLine BGA packages. The Altera software automatically avoids conflicting pins when future migration is set.

General
Description

Altera’s FLEX 10K devices are the industry’s first embedded PLDs. Based
on reconfigurable CMOS SRAM elements, the Flexible Logic Element
MatriX (FLEX) architecture incorporates all features necessary to
implement common gate array megafunctions. With up to 250,000 gates,
the FLEX 10K family provides the density, speed, and features to integrate
entire systems, including multiple 32-bit buses, into a single device.

FLEX 10K devices are reconfigurable, which allows 100% testing prior to
shipment. As a result, the designer is not required to generate test vectors
for fault coverage purposes. Additionally, the designer does not need to

manage inventories of different ASIC designs; FLEX 10K devices can be

configured on the board for the specific functionality required.

Table 6 shows FLEX 10K performance for some common designs. All
performance values were obtained with Synopsys DesignWare or LPM
functions. No special design technique was required to implement the
applications; the designer simply inferred or instantiated a function in a
Verilog HDL, VHDL, Altera Hardware Description Language (AHDL), or
schematic design file.

Table 6. FLEX 10K & FLEX 10KA Performance

Application Resources Performance Units
Used
LEs | EABs -1 Speed -2 Speed -3 Speed -4 Speed
Grade Grade Grade Grade

16-bit loadable 16 0 204 166 125 95 MHz
counter (1)
16-bit accumulator (1) 16 204 166 125 95 MHz
16-to-1 multiplexer (2) | 10 0 4.2 5.8 6.0 7.0 ns
256 x 8 RAM read 0 1 172 145 108 84 MHz
cycle speed (3)
256 x 8 RAM write 0 1 106 89 68 63 MHz
cycle speed (3)

Notes:

(1) The speed grade of this application is limited because of clock high and low specifications.
(2) This application uses combinatorial inputs and outputs.
(3) This application uses registered inputs and outputs.
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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.

6 Altera Corporation
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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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Larger blocks of RAM are created by combining multiple EABs. For
example, two 256 x 8 RAM blocks can be combined to form a

256 x 16 RAM block; two 512 x 4 blocks of RAM can be combined to form
a 512 x 8 RAM block. See Figure 3.

Figure 3. Examples of Combining EABs
256 x 16

512 x 8
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256 x 8
512 x 4
256 x 8
512 x 4

If necessary, all EABs in a device can be cascaded to form a single RAM
block. EABs can be cascaded to form RAM blocks of up to 2,048 words
without impacting timing. Altera’s software automatically combines
EABs to meet a designer’s RAM specifications.

EABs provide flexible options for driving and controlling clock signals.
Different clocks can be used for the EAB inputs and outputs. Registers can
be independently inserted on the data input, EAB output, or the address
and VEE inputs. The global signals and the EAB local interconnect can drive
the VIE signal. The global signals, dedicated clock pins, and EAB local
interconnect can drive the EAB clock signals. Because the LEs drive the
EAB local interconnect, the LEs can control the VIE signal or the EAB clock
signals.

Each EAB is fed by a row interconnect and can drive out to row and
column interconnects. Each EAB output can drive up to two row channels
and up to two column channels; the unused row channel can be driven by
other LEs. This feature increases the routing resources available for EAB
outputs. See Figure 4.

Altera Corporation 11
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Up/Down Counter Mode

The up/down counter mode offers counter enable, clock enable,
synchronous up/down control, and data loading options. These control
signals are generated by the data inputs from the LAB local interconnect,
the carry-in signal, and output feedback from the programmable register.
The Up/down counter mode uses 2 three-input LUTs: one generates the
counter data, and the other generates the fast carry bit. A 2-to-1
multiplexer provides synchronous loading. Data can also be loaded
asynchronously with the clear and preset register control signals, without
using the LUT resources.

Clearable Counter Mode

The clearable counter mode is similar to the up/down counter mode, but
supports a synchronous clear instead of the up/down control. The clear
function is substituted for the cascade-in signal in the up/down counter
mode. Clearable counter mode uses 2 three-input LUTs: one generates the
counter data, and the other generates the fast carry bit. Synchronous
loading is provided by a 2-to-1 multiplexer. The output of this multiplexer
is ANDed with a synchronous clear signal.

Internal Tri-State Emulation

Internal tri-state emulation provides internal tri-stating without the
limitations of a physical tri-state bus. In a physical tri-state bus, the
tri-state buffers” output enable (CE) signals select which signal drives the
bus. However, if multiple CE 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 DATA3, LABCTRL1, and LABCTRL2 inputs to the LE. The
clear and preset control structure of the LE asynchronously loads signals
into a register. Either LABCTRL1 or LABCTRL2 can control the
asynchronous clear. Alternatively, the register can be set up so that
LABCTRL1 implements an asynchronous load. The data to be loaded is
driven to DATA3; when LABCTRL1 is asserted, DATA3 is loaded into the
register.

21
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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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Asynchronous Preset

An asynchronous preset is implemented as either an asynchronous load,
or with an asynchronous clear. If DATAS3 is tied to V¢, asserting
LABCTRL1 asynchronously loads a one into the register. Alternatively, the
Altera software can provide 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, if a register is
preset by only one of the two LABCTRL signals, the DATA3 input is not
needed and can be used for one of the LE operating modes.

Asynchronous Preset & Clear

When implementing asynchronous clear and preset, LABCTRL1 controls
the preset and LABCTRL2 controls the clear. DATA3 is tied to V¢,
therefore, asserting LABCTRL1 asynchronously loads a one into the
register, effectively presetting the register. Asserting LABCTRL2 clears the
register.

Asynchronous Load with Clear

When implementing an asynchronous load in conjunction with the clear,
LABCTRL1 implements the asynchronous load of DATA3 by controlling
the register preset and clear. LABCTRL2 implements the clear by
controlling the register clear; LABCTRL2 does not have to feed the preset
circuits.

Asynchronous Load with Preset

When implementing an asynchronous load in conjunction with preset, the
Altera software provides preset control by using the clear and inverting
the input and output of the register. Asserting LABCTRL2 presets the
register, while asserting LABCTRL 1 loads the register. The Altera software
inverts the signal that drives DATA3 to account for the inversion of the
register’s output.

Asynchronous Load without Preset or Clear

When implementing an asynchronous load without preset or clear,
LABCTRL1 implements the asynchronous load of DATA3 by controlling
the register preset and clear.

24 Altera Corporation
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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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Signals on the peripheral control bus can also drive the four global signals,
referred to as GLOBALO through GLOBAL3 in Tables 8 and 9. The
internally generated signal can drive the global signal, providing the same
low-skew, low-delay characteristics for an internally generated signal as
for a signal driven by an input. This feature is ideal for internally
generated clear or clock signals with high fan-out. When a global signal is
driven by internal logic, the dedicated input pin that drives that global
signal cannot be used. The dedicated input pin should be driven to a
known logic state (such as ground) and not be allowed to float.

When the chip-wide output enable pin is held low, it will tri-state all pins
on the device. This option can be set in the Global Project Device Options
menu. Additionally, the registers in the IOE can be reset by holding the
chip-wide reset pin low.

Row-to-10E Connections

When an IOE is used as an input signal, it can drive two separate row
channels. The signal is accessible by all LEs within that row. When an IOE
is used as an output, the signal is driven by a multiplexer that selects a
signal from the row channels. Up to eight IOEs connect to each side of
each row channel. See Figure 14.

Figure 14. FLEX 10K Row-to-10E Connections

The values for m and n are provided in Table 10.
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y °
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Interconnect
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Each IOE is driven by an
/ m-to-1 multiplexer.

Each I0E can drive up to two
row channels.
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Figure 21 shows the typical output drive characteristics of EPF10K50V
and EPF10K130V devices.

Figure 21. Output Drive Characteristics of EPF10K50V & EPF10K130V Devices
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Tables 26 through 31 provide information on absolute maximum ratings,
recommended operating conditions, DC operating conditions, and
capacitance for 3.3-V FLEX 10K devices.

Table 26. FLEX 10KA 3.3-V Device Absolute Maximum Ratings  Note (1)

Symbol Parameter Conditions Min Max Unit
Vce Supply voltage With respect to ground (2) -0.5 4.6 \%
V, DC input voltage -2.0 5.75 \%
lout DC output current, per pin -25 25 mA
Tste | Storage temperature No bias —65 150 °C
Tame |Ambient temperature Under bias —65 135 °C
T; Junction temperature Ceramic packages, under bias 150 °C
PQFP, TQFP, RQFP, and BGA 135 °C
packages, under bias

50 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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Tables 39 through 47 show EPF10K10 and EPF10K20 device internal and
external timing parameters.

Table 39. EPF10K10 & EPF10K20 Device LE Timing Microparameters  Note (1)
Symbol -3 Speed Grade -4 Speed Grade Unit
Min Max Min Max

tLUT 1.4 1.7 ns
tCLUT 0.6 0.7 ns
tRLUT 15 19 ns
tPACKED 0.6 0.9 ns
tEN 1.0 1.2 ns
teico 0.2 0.3 ns
tCGEN 0.9 1.2 ns
tCGENR 0.9 1.2 ns
tCASC 0.8 0.9 ns
tc 1.3 15 ns
tco 0.9 1.1 ns
tCOMB 0.5 0.6 ns
tSU 1.3 2.5 ns
ty 14 1.6 ns
tPRE 1.0 1.2 ns
tCLR 1.0 1.2 ns
tcH 4.0 4.0 ns
tCL 4.0 4.0 ns
66 Altera Corporation
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Table 45. EPF10K10 & EPF10K20 Device External Timing Parameters  Nofe (1)

Symbol -3 Speed Grade -4 Speed Grade Unit

Min Max Min Max
torR 16.1 20.0 ns
tinsu (2), (3) 55 6.0 ns
tinn (3) 0.0 0.0 ns
tOUTCO (3) 2.0 6.7 2.0 8.4 ns

Table 46. EPF10K10 Device External Bidirectional Timing Parameters  Note (1)

Symbol -3 Speed Grade -4 Speed Grade Unit

Min Max Min Max
{iNSUBIDIR 45 5.6 ns
tINHBIDIR 0.0 0.0 ns
touTcoBIDIR 2.0 6.7 2.0 8.4 ns
txzBIDIR 10.5 13.4 ns
tzxBIDIR 10.5 13.4 ns

Table 47. EPF10K20 Device External Bidirectional Timing Parameters  Note (1)

Symbol -3 Speed Grade -4 Speed Grade Unit

Min Max Min Max
tiNSUBIDIR 4.6 5.7 ns
tINHBIDIR 0.0 0.0 ns
touTtcoBIDIR 2.0 6.7 2.0 8.4 ns
txzBIDIR 10.5 134 ns
tzxBIDIR 10.5 134 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.

(8)  This parameter is specified by characterization.

Altera Corporation
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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 73. EPF10K50V Device EAB Internal 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

tEABDATAL 1.7 2.8 3.4 4.6 ns
teABDATA2 4.9 3.9 4.8 5.9 ns
tEABWEL 0.0 25 3.0 3.7 ns
teABWE? 4.0 4.1 5.0 6.2 ns
teaBCLK 0.4 0.8 1.0 1.2 ns
teaBCO 0.1 0.2 0.3 0.4 ns
tEABBYPASS 0.9 1.1 1.3 1.6 ns
teaBSU 0.8 1.5 1.8 2.2 ns
teagH 0.8 1.6 2.0 25 ns
tan 5.5 8.2 10.0 12.4 ns
twp 6.0 4.9 6.0 7.4 ns
twosu 0.1 0.8 1.0 1.2 ns
tWDH 0.1 0.2 0.3 0.4 ns
twasu 0.1 0.4 0.5 0.6 ns
twan 0.1 0.8 1.0 1.2 ns
two 2.8 4.3 5.3 6.5 ns
top 2.8 4.3 5.3 6.5 ns
teaBOUT 0.5 0.4 0.5 0.6 ns
teaBCH 2.0 4.0 4.0 4.0 ns
teaBCL 6.0 49 6.0 7.4 ns
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Table 74. EPF10K50V Device EAB Internal Timing Macroparameters ~ Note (1)

Symbol -1 Speed Grade -2 Speed Grade -3 Speed Grade -4 Speed Grade Unit
Min Max Min Max Min Max Min Max
tepBAA 95 136 165 20.8 ns
teABRCCOMB 9.5 13.6 16.5 20.8 ns
tEABRCREG 6.1 8.8 10.8 13.4 ns
teABWP 6.0 4.9 6.0 7.4 ns
teaBWCCOMB 6.2 6.1 7.5 9.2 ns
tEABWCREG 12.0 11.6 14.2 17.4 ns
tEABDD 6.8 9.7 11.8 14.9 ns
{EABDATACO 1.0 14 1.8 2.2 ns
{EABDATASU 5.3 4.6 5.6 6.9 ns
{EABDATAH 0.0 0.0 0.0 0.0 ns
tEABWESU 4.4 4.8 5.8 7.2 ns
te ABWEH 0.0 0.0 0.0 0.0 ns
tEABWDSU 1.8 11 1.4 2.1 ns
teABWDH 0.0 0.0 0.0 0.0 ns
tEABWASU 4.5 4.6 5.6 7.4 ns
teABWAH 0.0 0.0 0.0 0.0 ns
teaBwO 5.1 9.4 11.4 14.0 ns
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Table 87. EPF10K10A Device EAB Internal Microparameters  Note (1)
Symbol -1 Speed Grade -2 Speed Grade -3 Speed Grade Unit
Min Max Min Max Min Max
tEABDATAL 33 3.9 5.2 ns
tEABDATA2 1.0 1.3 1.7 ns
teABWEL 2.6 3.1 4.1 ns
teABWE2 2.7 3.2 43 ns
tEABCLK 0.0 0.0 0.0 ns
tEABCO 1.2 1.4 1.8 ns
tEABBYPASS 0.1 0.2 0.2 ns
teABSU 1.4 1.7 2.2 ns
teasH 0.1 0.1 0.1 ns
tan 45 54 7.3 ns
twp 2.0 2.4 3.2 ns
twosu 0.7 0.8 1.1 ns
tWwDH 0.5 0.6 0.7 ns
twasu 0.6 0.7 0.9 ns
twan 0.9 1.1 15 ns
two 3.3 3.9 5.2 ns
top 3.3 3.9 5.2 ns
teaBOUT 0.1 0.1 0.2 ns
teaBCH 3.0 3.5 4.0 ns
teascL 3.03 35 4.0 ns
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Table 93. EPF10K30A Device IOE Timing Microparameters  Note (1) (Part 2 of 2)

Symbol -1 Speed Grade -2 Speed Grade -3 Speed Grade Unit
Min Max Min Max Min Max
tion 0.9 11 14 ns
tioclr 0.7 0.8 1.0 ns
top1 1.9 2.2 2.9 ns
top2 48 5.6 7.3 ns
tops 7.0 8.2 10.8 ns
tyz 2.2 2.6 34 ns
trx1 2.2 2.6 3.4 ns
trxo 5.1 6.0 7.8 ns
trxa 7.3 8.6 11.3 ns
tNREG 4.4 5.2 6.8 ns
tiorp 38 45 5.9 ns
tiNcOMB 3.8 45 5.9 ns
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fvax = Maximum operating frequency in MHz

N = Total number of logic cells used in the device

togrc = Average percent of logic cells toggling at each clock
(typically 12.5%)

K = Constant, shown in Tables 114 and 115

Table 114. FLEX 10K K Constant Values

Device K Value
EPF10K10 82
EPF10K20 89
EPF10K30 88
EPF10K40 92
EPF10K50 95
EPF10K70 85
EPF10K100 88

Table 115. FLEX 10KA K Constant Values

Device K Value
EPF10K10A 17
EPF10K30A 17
EPF10K50V 19
EPF10K100A 19
EPF10K130V 22
EPF10K250A 23

This calculation provides an I estimate based on typical conditions with
no output load. The actual I should be verified during operation
because this measurement is sensitive to the actual pattern in the device
and the environmental operating conditions.

To better reflect actual designs, the power model (and the constant K in
the power calculation equations) for continuous interconnect FLEX
devices assumes that logic cells drive FastTrack Interconnect channels. In
contrast, the power model of segmented FPGAs assumes that all logic
cells drive only one short interconnect segment. This assumption may
lead to inaccurate results, compared to measured power consumption for
an actual design in a segmented interconnect FPGA.

Figure 32 shows the relationship between the current and operating
frequency of FLEX 10K devices.
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