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FLEX 10KE Embedded Programmable Logic Devices Data Sheet

Table 4. FLEX 10KE Package Sizes

Device 144- 208-Pin 240-Pin | 256-Pin | 356- | 484-Pin | 599-Pin 600- | 672-Pin
Pin PQFP PQFP |FineLine| Pin [FineLine PGA Pin |FineLine
TQFP RQFP BGA BGA BGA BGA BGA
Pitch (mm) 0.50 0.50 0.50 1.0 1.27 1.0 — 1.27 1.0
Area (mmz) 484 936 1,197 289 1,225 529 3,904 2,025 729
Length x width | 22 x 22 {30.6 x 30.6 [34.6 x34.6 | 17 x17 [35x35| 23 x23 [62.5x 62.5[45x45| 27 x 27
(mm x mm)
Genera| Altera FLEX 10KE devices are enhanced versions of FLEX 10K devices.

Description

Based on reconfigurable CMOS SRAM elements, the FLEX architecture
incorporates all features necessary to implement common gate array
megafunctions. With up to 200,000 typical gates, FLEX 10KE devices
provide the density, speed, and features to integrate entire systems,
including multiple 32-bit buses, into a single device.

The ability to reconfigure FLEX 10KE devices enables 100% testing prior
to shipment and allows the designer to focus on simulation and design
verification. FLEX 10KE reconfigurability eliminates inventory
management for gate array designs and generation of test vectors for fault
coverage.

Table 5 shows FLEX 10KE performance for some common designs. All
performance values were obtained with 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.

Altera Corporation
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Table 5. FLEX 10KE Performance

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

16-bit loadable counter 16 285 250 200 MHz
16-bit accumulator 16 0 285 250 200 MHz
16-to-1 multiplexer (1) 10 0 35 4.9 7.0 ns
16-bit multiplier with 3-stage 592 0 156 131 93 MHz
pipeline (2)
256 x 16 RAM read cycle 0 1 196 154 118 MHz
speed (2)
256 x 16 RAM write cycle 0 1 185 143 106 MHz
speed (2)

Notes:
1)
(2

This application uses combinatorial inputs and outputs.
This application uses registered inputs and outputs.

Table 6 shows FLEX 10KE performance for more complex designs. These
designs are available as Altera MegaCore® functions.

Table 6. FLEX 10KE Performance for Complex Designs

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

8-bit, 16-tap parallel finite impulse 597 192 156 116 MSPS
response (FIR) filter
8-bit, 512-point fast Fourier 1,854 234 28.7 38.9 us (1)
transform (FFT) function 113 92 68 MHz
al16450 universal asynchronous 342 36 28 20.5 MHz
receiver/transmitter (UART)

Note:
1)

required = ceiling [log 2 (points)/2] x [points +14 + ceiling]

Altera Corporation
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Altera Corporation

For more information on FLEX device configuration, 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

MasterBlaster Download Cable Data Sheet

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

FLEX 10KE devices are supported by the Altera development systems,
which are 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 EDIF200and 3 00, 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 system includes Design\Ware
functions that are optimized for the FLEX 10KE architecture.

The Altera development system runs on Windows-based PCs and Sun
SPARCstation, and HP 9000 Series 700/800.

See the MAX+PLUS Il Programmable Logic Development System & Software
Data Sheet and the Quartus Programmable Logic Development System &
Software Data Sheet for more information.
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The EAB can also be used for bidirectional, dual-port memory
applications where two ports read or write simultaneously. To implement
this type of dual-port memory, two EABs are used to support two
simultaneous read or writes.

Alternatively, one clock and clock enable can be used to control the input
registers of the EAB, while a different clock and clock enable control the
output registers (see Figure 2).

Figure 2. FLEX 10KE Device in Dual-Port RAM Mode ~ Notes (1)
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(1) Allregisters can be asynchronously cleared by EAB local interconnect signals, global signals, or the chip-wide reset.

(2) EPF10K30E and EPF10K50E devices have 88 EAB local interconnect channels; EPF10K100E, EPF10K130E, and
EPF10K200E devices have 104 EAB local interconnect channels.
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EABs provide flexible options for driving and controlling clock signals.
Different clocks and clock enables can be used for reading and writing to
the EAB. Registers can be independently inserted on the data input, EAB
output, write address, write enable signals, read address, and read enable
signals. The global signals and the EAB local interconnect can drive write
enable, read enable, and clock enable signals. 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 write enable, read enable, clear, clock, and clock enable signals.

An 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 Figures 2 and 4). The column interconnect, which is adjacent
to the EAB, has twice as many channels as other columns in the device.

Logic Array Block

An 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 10KE architecture, facilitating
efficient routing with optimum device utilization and high performance
(see Figure 7).

15
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Figure 11 shows the LE operating modes.

Figure 11. FLEX 10KE LE Operating Modes
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In addition to the six clear and preset modes, FLEX 10KE devices provide
a chip-wide reset pin that can reset all registers in the device. Use of this
feature is set during design entry. In any of the clear and preset modes, the
chip-wide reset overrides all other signals. Registers with asynchronous
presets may be preset when the chip-wide reset is asserted. Inversion can
be used to implement the asynchronous preset. Figure 12 shows examples
of how to setup the preset and clear inputs for the desired functionality.

Figure 12. FLEX 10KE LE Clear & Preset Modes
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FastTrack Interconnect Routing Structure

In the FLEX 10KE architecture, connections between LEs, EABs, and
device 1/0 pins are provided by the FastTrack Interconnect routing
structure, which is a series of continuous horizontal and vertical routing
channels that traverses the device. This global routing structure provides
predictable performance, even in 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.

The FastTrack Interconnect routing structure consists of row and column
interconnect channels that span the entire device. Each row of LABS is
served by a dedicated row interconnect. The row interconnect can drive
1/0 pins and feed other LABs in the row. The column interconnect routes
signals between rows and can drive 170 pins.

Row channels drive into the LAB or EAB local interconnect. The row
signal is buffered at every LAB or EAB to reduce the effect of fan-out on
delay. A row channel can be driven by an LE or by one of three column
channels. These four signals feed dual 4-to-1 multiplexers that connect to
two specific row channels. These multiplexers, which are connected to
each LE, allow column channels to drive row channels even when all eight
LEs in a LAB drive the row interconnect.

Each column of LABs or EABs is served by a dedicated column
interconnect. The column interconnect that serves the EABs has twice as
many channels as other column interconnects. The column interconnect
can then drive I/0 pins or another row’s interconnect to route the signals
to other LABs or EABs in the device. A signal from the column
interconnect, which can be either the output of a LE or an input from an
1/0 pin, must be routed to the row interconnect before it can enter a LAB
or EAB. Each row channel that is driven by an IOE or EAB can drive one
specific column channel.

Access to row and column channels can be switched between LEs in
adjacent pairs of LABs. For example, a LE in one LAB can drive the row
and column channels normally driven by a particular LE in the adjacent
LAB in the same row, and vice versa. This flexibility enables routing
resources to be used more efficiently (see Figure 13).

Altera Corporation 27
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When dedicated inputs drive non-inverted and inverted peripheral clears,
clock enables, and output enables, two signals on the peripheral control
bus will be used.

Tables 8 and 9 list the sources for each peripheral control signal, and show
how the output enable, clock enable, clock, and clear signals share

12 peripheral control signals. The tables also show the rows that can drive
global signals.

Table 8. Peripheral Bus Sources for EPF10K30E, EPF10K50E & EPF10K50S Devices
Peripheral EPF10K30E EPF10K50E
Control Signal EPF10K50S
CEO Row A Row A
CEl Row B Row B
OE2 Row C Row D
CE3 Row D Row F
CE4 Row E Row H
CES5 Row F Row J
CLKENAO/ CLKO/ GLOBALO Row A Row A
CLKENA1/ CE6/ GLOBAL1 Row B Row C
CLKENA2/ CLRO Row C Row E
CLKENA3/ CE7/ GLOBAL2 Row D Row G
CLKENA4/ CLR1 Row E Row |
CLKENA5/ CLK1/ GLOBAL3 Row F Row J

Altera Corporation 33
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|EEE Std.
1149.1 (JTAG)

AIll FLEX 10KE devices provide JTAG BST circuitry that complies with the
IEEE Std. 1149.1-1990 specification. FLEX 10KE devices can also be
configured using the JTAG pins through the BitBlaster or ByteBlasterMV

Boundary-Scan download cable, or via hardware that uses the Jam™ STAPL

Support

programming and test language. JTAG boundary-scan testing can be
performed before or after configuration, but not during configuration.
FLEX 10KE devices support the JTAG instructions shown in Table 15.

Table 15. FLEX 10KE JTAG Instructions

JTAG Instruction

Description

SAMPLE/PRELOAD |Allows a snapshot of signals at the device pins to be captured and examined during
normal device operation, and permits an initial data pattern to be output at the device
pins.

EXTEST Allows the external circuitry and board-level interconnections to be tested by forcing a
test pattern at the output pins and capturing test results at the input pins.

BYPASS Places the 1-bit bypass register between the TDI and TDO pins, which allows the BST
data to pass synchronously through a selected device to adjacent devices during normal
device operation.

USERCODE Selects the user electronic signature (USERCODE) register and places it between the
TDI and TDO pins, allowing the USERCODE to be serially shifted out of TDO.

IDCODE Selects the IDCODE register and places it between TDI and TDQ, allowing the IDCODE

to be serially shifted out of TDO.

ICR Instructions

These instructions are used when configuring a FLEX 10KE device via JTAG ports with
a BitBlaster or ByteBlasterMV download cable, or using a Jam File (.jam) or
Jam Byte-Code File (.jbc) via an embedded processor.

44

The instruction register length of FLEX 10KE devices is 10 bits. The
USERCODE register length in FLEX 10KE devices is 32 bits; 7 bits are
determined by the user, and 25 bits are pre-determined. Tables 16 and 17
show the boundary-scan register length and device IDCODE information
for FLEX 10KE devices.

Table 16. FLEX 10KE Boundary-Scan Register Length
Device Boundary-Scan Register Length

EPF10K30E 690

EPF10K50E 798

EPF10K50S

EPF10K100E 1,050
EPF10K130E 1,308
EPF10K200E 1,446
EPF10K200S

Altera Corporation
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Generic Testi ng Each_ FLEX 1OKE_device is functionally tested. Complgte testing of_ each
configurable static random access memory (SRAM) bit and all logic

fu

nctionality ensures 100% yield. AC test measurements for FLEX 10KE

devices are made under conditions equivalent to those shown in

Fi
al

gure 21. Multiple test patterns can be used to configure devices during
| stages of the production flow.

Figure 21. FLEX 10KE AC Test Conditions
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Operating Tables 19 through 23 provide information on absolute maximum ratings,

re

commended operating conditions, DC operating conditions, and

Conditions capacitance for 2.5-V FLEX 10KE devices.

Table 19. FLEX 10KE 2.5-V Device Absolute Maximum Ratings Note (1)

Symbol Parameter Conditions Min Max Unit
Veent | Supply voltage With respect to ground (2) -0.5 3.6 \%
Veeio -0.5 4.6 \Y,
\Z DC input voltage -2.0 5.75 \%
lout DC output current, per pin -25 25 mA
Tste Storage temperature No bias -65 150 °C
TamB Ambient temperature Under bias —65 135 °C
T, Junction temperature PQFP, TQFP, BGA, and FineLine BGA 135 °C

packages, under bias

Ceramic PGA packages, under bias 150 °C
Altera Corporation 47
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Figure 25. FLEX 10KE Device LE Timing Model
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Figure 26. FLEX 10KE Device IOE Timing Model
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Table 27. EAB Timing Macroparameters

Note (1), (6)

Symbol Parameter Conditions
tEABAA EAB address access delay
teasrccom | EAB asynchronous read cycle time
tEABRCREG EAB synchronous read cycle time
teaBWP EAB write pulse width
teaswccome | EAB asynchronous write cycle time
tEABWCREG EAB synchronous write cycle time
teABDD EAB data-in to data-out valid delay

tEABDATACO EAB clock-to-output delay when using output registers

tEABDATASU EAB data/address setup time before clock when using input register

tEABDATAH EAB data/address hold time after clock when using input register

tEABWESU EAB VIE setup time before clock when using input register

tEABWEH EAB VIE hold time after clock when using input register

tEABWDSU EAB data setup time before falling edge of write pulse when not using input
registers

tEABWDH EAB data hold time after falling edge of write pulse when not using input
registers

tEABWASU EAB address setup time before rising edge of write pulse when not using
input registers

tEABWAH EAB address hold time after falling edge of write pulse when not using input
registers

teABWO EAB write enable to data output valid delay

Altera Corporation
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Table 34. EPF10K30E 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 6.4 7.6 8.8 ns
tEABRCOMB 6.4 7.6 8.8 ns
{EABRCREG 4.4 5.1 6.0 ns
teABWP 25 2.9 3.3 ns
teABWCOMB 6.0 7.0 8.0 ns
{EABWCREG 6.8 7.8 9.0 ns
teABDD 5.7 6.7 7.7 ns
teABDATACO 0.8 0.9 1.1 ns
tEABDATASU 15 1.7 2.0 ns
tEABDATAH 0.0 0.0 0.0 ns
tEABWESU 1.3 1.4 17 s
tEABWEN 0.0 0.0 0.0 ns
teABWDSU 15 17 2.0 ns
tEABWDH 0.0 0.0 0.0 ns
tEABWASU 3.0 3.6 4.3 ns
tEABWAH 0.5 0.5 0.4 ns
teABWO 5.1 6.0 6.8 ns

66
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Table 37. EPF10K30E External Bidirectional Timing Parameters ~ Notes (1), (2)

Symbol -1 Speed Grade -2 Speed Grade -3 Speed Grade Unit
Min Max Min Max Min Max
tinsusiDIR (3) 2.8 3.9 5.2 ns
tinngiDIR (3) 0.0 0.0 0.0 ns
tinsuBiDIR (4) 3.8 4.9 - ns
tinneiDIR (4) 0.0 0.0 _ ns
toutcosipir (3) 2.0 4.9 2.0 5.9 2.0 7.6 ns
txzeiDr (3) 6.1 7.5 9.7 ns
tzxsiDIr (3) 6.1 7.5 9.7 ns
toutcosipir (4) 0.5 3.9 0.5 4.9 - - ns
txziDIr (4) 5.1 6.5 — ns
tzxsiDIR (4) 5.1 6.5 - ns

Notes to tables:

(1) All timing parameters are described in Tables 24 through 30 in this data sheet.

(2) These parameters are specified by characterization.

(3) This parameter is measured without the use of the ClockLock or ClockBoost circuits.
(4) This parameter is measured with the use of the ClockLock or ClockBoost circuits.

Tables 38 through 44 show EPF10K50E device internal and external
timing parameters.

Table 38. EPF10K50E Device LE Timing Microparameters (Part1 of 2)  Note (1)

Symbol -1 Speed Grade -2 Speed Grade -3 Speed Grade Unit

Min Max Min Max Min Max

tLut 0.6 0.9 13 ns
teLuT 0.5 0.6 0.8 ns
tRLUT 0.7 0.8 11 ns
tpACKED 0.4 0.5 0.6 ns
ten 0.6 0.7 0.9 ns
teico 0.2 0.2 0.3 ns
tcgen 0.5 0.5 0.8 ns
tcGENR 0.2 0.2 0.3 ns
tcasc 0.8 1.0 14 ns
tc 0.5 0.6 0.8 ns
tco 0.7 0.7 0.9 ns
tcoms 0.5 0.6 0.8 ns
tsu 0.7 0.7 0.8 ns
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Table 40. EPF10K50E Device EAB Internal Microparameters  Note (1)
Symbol -1 Speed Grade -2 Speed Grade -3 Speed Grade Unit
Min Max Min Max Min Max
teABDATAL 1.7 2.0 2.7 ns
tEABDATAL 0.6 0.7 0.9 ns
tEABWEL 1.1 1.3 1.8 ns
tEABWER 0.4 0.4 0.6 ns
tEABREL 0.8 0.9 1.2 ns
tEABRE2 0.4 0.4 0.6 ns
teABCLK 0.0 0.0 0.0 ns
teaBco 0.3 0.3 0.5 ns
tEABBYPASS 0.5 0.6 0.8 ns
teaBSU 0.9 1.0 1.4 ns
teagH 0.4 0.4 0.6 ns
tEABCLR 0.3 0.3 0.5 ns
tan 3.2 3.8 5.1 ns
twp 25 2.9 3.9 ns
trp 0.9 11 15 ns
twpsu 0.9 1.0 1.4 ns
twoH 0.1 0.1 0.2 ns
twasy 1.7 2.0 2.7 ns
twaH 18 2.1 2.9 ns
tRAaSU 31 3.7 5.0 ns
tRAH 0.2 0.2 0.3 ns
two 2.5 2.9 3.9 ns
too 2.5 2.9 3.9 ns
teABOUT 0.5 0.6 0.8 ns
tEABCH 15 2.0 25 ns
teaBCL 25 2.9 3.9 ns
70 Altera Corporation
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Tables 52 through 58 show EPF10K130E device internal and external
timing parameters.

Table 52. EPF10K130E Device LE Timing Microparameters Note (1)

Symbol -1 Speed Grade -2 Speed Grade -3 Speed Grade Unit
Min Max Min Max Min Max
tLut 0.6 0.9 1.3 ns
teLut 0.6 0.8 1.0 ns
tRLUT 0.7 0.9 0.2 ns
tPACKED 0.3 0.5 0.6 ns
ten 0.2 0.3 0.4 ns
tcico 0.1 0.1 0.2 ns
tegen 0.4 0.6 0.8 ns
tcGENR 0.1 0.1 0.2 ns
tease 0.6 0.9 1.2 ns
tc 0.3 0.5 0.6 ns
tco 0.5 0.7 0.8 ns
tcoms 0.3 0.5 0.6 ns
tsy 0.5 0.7 0.8 ns
ty 0.6 0.7 1.0 ns
tPRE 0.9 1.2 1.6 ns
telr 0.9 1.2 1.6 ns
ten 15 1.5 2.5 ns
teL 15 15 2.5 ns

Table 53. EPF10K130E Device IOE Timing Microparameters  Note (1)

Symbol -1 Speed Grade -2 Speed Grade -3 Speed Grade Unit
Min Max Min Max Min Max
tiob 1.3 15 2.0 ns
tioc 0.0 0.0 0.0 ns
tioco 0.6 0.8 1.0 ns
tiocoMms 0.6 0.8 1.0 ns
tiosu 1.0 1.2 1.6 ns
tioH 0.9 0.9 14 ns
tiocLr 0.6 0.8 1.0 ns
top1 2.8 4.1 5.5 ns
top2 2.8 4.1 5.5 ns
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Table 68. EPF10K50S Device EAB Internal Microparameters Note (1)

Symbol -1 Speed Grade -2 Speed Grade -3 Speed Grade Unit

Min Max Min Max Min Max

tEABDATAL 17 2.4 3.2 ns
tEABDATA2 0.4 0.6 0.8 ns
teABWEL 1.0 1.4 1.9 ns
teABWE2 0.0 0.0 0.0 ns
teABREL 0.0 0.0 0.0
tEABRE2 0.4 0.6 0.8
teABCLK 0.0 0.0 0.0 ns
teaBCO 0.8 11 1.5 ns
tEABBYPASS 0.0 0.0 0.0 ns
teaBSU 0.7 1.0 1.3 ns
teaBH 0.4 0.6 0.8 ns
teABCLR 0.8 1.1 1.5
tan 2.0 2.8 3.8 ns
twp 2.0 2.8 3.8 ns
trp 1.0 1.4 1.9
twosu 0.5 0.7 0.9 ns
twpH 0.1 0.1 0.2 ns
twasu 1.0 1.4 1.9 ns
twan 15 2.1 2.9 ns
trRAasSU 1.5 2.1 2.8
trAH 0.1 0.1 0.2
two 2.1 2.9 4.0 ns
tbp 21 2.9 4.0 ns
teaBOUT 0.0 0.0 0.0 ns
teasCH 1.5 2.0 25 ns
teaBCL 15 2.0 2.5 ns
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To better reflect actual designs, the power model (and the constant K in
the power calculation equations) for continuous interconnect FLEX
devices assumes that LEs drive FastTrack Interconnect channels. In
contrast, the power model of segmented FPGAs assumes that all LEs drive
only one short interconnect segment. This assumption may lead to
inaccurate results when compared to measured power consumption for
actual designs in segmented FPGAs.

Figure 31 shows the relationship between the current and operating
frequency of FLEX 10KE devices.

Figure 31. FLEX 10KE lccacTive VS- Operating Frequency (Part 1 of 2)
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