Intel - EP1K50FI1256-2 Datasheet

Welcome to E-XFL.COM

Understanding Embedded - FPGAs (Field
Programmable Gate Array)

Embedded - FPGAs, or Field Programmable Gate Arrays,
are advanced integrated circuits that offer unparalleled
flexibility and performance for digital systems. Unlike
traditional fixed-function logic devices, FPGAs can be
programmed and reprogrammed to execute a wide array
of logical operations, enabling customized functionality
tailored to specific applications. This reprogrammability
allows developers to iterate designs quickly and implement
complex functions without the need for custom hardware.

Applications of Embedded - FPGAs

The versatility of Embedded - FPGAs makes them
indisnensahle in numerous fields. In telecommunications.

Details

Product Status Obsolete

Number of LABs/CLBs 360

Number of Logic Elements/Cells 2880

Total RAM Bits 40960

Number of I/O 186

Number of Gates 199000

Voltage - Supply 2.375V ~ 2.625V
Mounting Type Surface Mount
Operating Temperature -40°C ~ 85°C (TA)
Package / Case 256-BGA

Supplier Device Package 256-FBGA (17x17)
Purchase URL https://www.e-xfl.com/product-detail/intel/ep1k50fi256-2

Email: info@E-XFL.COM Address: Room A, 16/F, Full Win Commercial Centre, 573 Nathan Road, Mongkok, Hong Kong



https://www.e-xfl.com/product/pdf/ep1k50fi256-2-4495873
https://www.e-xfl.com
https://www.e-xfl.com/product/filter/embedded-fpgas-field-programmable-gate-array

ACEX 1K Programmable Logic Device Family Data Sheet

Figure 1. ACEX 1K Device Block Diagram
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ACEX 1K devices provide six dedicated inputs that drive the flipflops’
control inputs and ensure the efficient distribution of high-speed, low-
skew (less than 1.0 ns) control signals. These signals use dedicated routing
channels that provide shorter delays and lower skews than the FastTrack
Interconnect routing structure. Four of the dedicated inputs drive four
global signals. These four global signals can also be driven by internal
logic, providing an ideal solution for a clock divider or an internally
generated asynchronous clear signal that clears many registers in the
device.
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Embedded Array Block

The EAB is a flexible block of RAM, with registers on the input and output
ports, that is used to implement common gate array megafunctions.
Because it is large and flexible, the EAB is suitable for functions such as
multipliers, vector scalars, and error correction circuits. These functions
can be combined in applications such as digital filters and
microcontrollers.

Logic functions are implemented by programming the EAB with a read-
only pattern during configuration, thereby 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 a single 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 any function with
8 inputs and 16 outputs. Parameterized functions, such as LPM functions,
can take advantage of the EAB automatically.

The ACEX 1K enhanced EAB supports dual-port RAM. The dual-port
structure is ideal for FIFO buffers with one or two clocks. The ACEX 1K
EAB can also support up to 16-bit-wide RAM blocks. The ACEX 1K EAB
can act in dual-port or single-port mode. When in dual-port mode,
separate clocks may be used for EAB read and write sections, allowing the
EAB to be written and read at different rates. It also has separate
synchronous clock enable signals for the EAB read and write sections,
which allow independent control of these sections.

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 reads 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).
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Figure 9. ACEX 1K Carry Chain Operation (n-Bit Full Adder)
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Cascade Chain

With the cascade chain, the ACEX 1K architecture can implement
functions that have a very wide fan-in. Adjacent LUTs can be used to
compute portions of the function in parallel; the cascade chain serially
connects the intermediate values. The cascade chain can use a logical AND
or logical OR (via De Morgan’s inversion) to connect the outputs of
adjacent LEs. With a delay as low as 0.6 ns per LE, each additional LE
provides four more inputs to the effective width of a function. Cascade
chain logic can be created automatically by the compiler during design
processing, or manually by the designer during design entry.

Cascade chains longer than eight bits are implemented automatically by
linking several LABs together. For easier routing, a long cascade chain
skips every other LAB in a row. A cascade chain longer than one LAB
skips either from even-numbered LAB to even-numbered LAB, or from
odd-numbered LAB to odd-numbered LAB (e.g., the last LE of the first
LAB in a row cascades to the first LE of the third LAB). The cascade chain
does not cross the center of the row (e.g., in the EP1K50 device, the cascade
chain stops at the eighteenth LAB, and a new one begins at the nineteenth
LAB). This break is due to the EAB’s placement in the middle of the row.

Figure 10 shows how the cascade function can connect adjacent LEs to
form functions with a wide fan-in. These examples show functions of 4n
variables implemented with n LEs. The LE delay is 1.3 ns; the cascade
chain delay is 0.6 ns. With the cascade chain, decoding a 16-bit address
requires 3.1 ns.

Figure 10. ACEX 1K Cascade Chain Operation
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LE Operating Modes
The ACEX 1K LE can operate in the following four modes:

Normal mode
Arithmetic mode
Up/down counter mode
Clearable counter mode

Each of these modes uses LE resources differently. In each mode, seven
available inputs to the LE—the four data inputs from the LAB local
interconnect, the feedback from the programmable register, and the
carry-in and cascade-in from the previous LE—are directed to different
destinations to implement the desired logic function. Three inputs to the
LE provide clock, clear, and preset control for the register. The Altera
software, in conjunction with parameterized functions such as LPM and
DesignWare functions, automatically chooses the appropriate mode for
common functions such as counters, adders, and multipliers. If required,
the designer can also create special-purpose functions that use a specific
LE operating mode for optimal performance.

The architecture provides a synchronous clock enable to the register in all
four modes. The Altera software can set DATAL to enable the register
synchronously, providing easy implementation of fully synchronous
designs.

Figure 11 shows the ACEX 1K LE operating modes.
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For improved routing, the row interconnect consists of a combination of
full-length and half-length channels. The full-length channels connect to
all LABs in a row; the half-length channels connect to the LABs in half of
the row. The EAB can be driven by the half-length channels in the left half
of the row and by the full-length channels. The EAB drives out to the full-
length channels. In addition to providing a predictable, row-wide
interconnect, this architecture provides increased routing resources. Two
neighboring LABs can be connected using a half-row channel, thereby
saving the other half of the channel for the other half of the row.

Table 6 summarizes the FastTrack Interconnect routing structure
resources available in each ACEX 1K device.

Table 6. ACEX 1K FastTrack Interconnect Resources
Device Rows Channels per | Columns Channels per
Row Column
EP1K10 3 144 24 24
EP1K30 6 216 36 24
EP1K50 10 216 36 24
EP1K100 12 312 52 24

In addition to general-purpose 170 pins, ACEX 1K devices have six
dedicated input pins that provide low-skew signal distribution across the
device. These six inputs can be used for global clock, clear, preset, and
peripheral output-enable and clock-enable control signals. These signals
are available as control signals for all LABs and IOEs 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.

Figure 14 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.
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Figure 15. ACEX 1K Bidirectional I/0 Registers
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Tables 11 and 12 summarize the ClockLock and ClockBoost parameters
for -1 and -2 speed-grade devices, respectively.

Table 11. ClockLock & ClockBoost Parameters for -1 Speed-Grade Devices

Symbol Parameter Condition Min Typ Max Unit
tr Input rise time 5 ns
te Input fall time 5 ns
tinouty | Input duty cycle 40 60 %
feLka Input clock frequency (ClockBoost clock 25 180 MHz
multiplication factor equals 1)

feLke Input clock frequency (ClockBoost clock 16 90 MHz
multiplication factor equals 2)

fcLkpev | Inputdeviation from user specification in the 25,000 | PPM
Altera software (1) 2)

tincLksTe | Input clock stability (measured between 100 ps
adjacent clocks)

tLock Time required for ClockLock or ClockBoost 10 Ms
to acquire lock (3)

tTTER Jitter on ClockLock or ClockBoost- tincLksTe <100 250 (4) ps
generated clock (4) tincLksTe < 50 200 (4) | ps

touTtpuTy | Duty cycle for ClockLock or ClockBoost- 40 50 60 %

generated clock
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Table 12. ClockLock & ClockBoost Parameters for -2 Speed-Grade Devices
Symbol Parameter Condition Min Typ Max Unit
tr Input rise time 5 ns
te Input fall time 5 ns
tinouty | Input duty cycle 40 60 %
folka Input clock frequency (ClockBoost clock 25 80 MHz
multiplication factor equals 1)
feLke Input clock frequency (ClockBoost clock 16 40 MHz
multiplication factor equals 2)
fcukpey | Input deviation from user specification in 25,000 | PPM
the software (1)
tincLksTs | Input clock stability (measured between 100 ps
adjacent clocks)
tLock Time required for ClockLock or ClockBoost 10 Us
to acquire lock (3)
t3TTER Jitter on ClockLock or ClockBoost- tincLksTe < 100 250 (4) ps
generated clock (4) tincLksTe < 50 200 (4) ps
toutpuTy |Duty cycle for ClockLock or ClockBoost- 40 50 60 %
generated clock

Notes to tables:

(1) To implement the ClockLock and ClockBoost circuitry with the Altera software, designers must specify the input
frequency. The Altera software tunes the PLL in the ClockLock and ClockBoost circuitry to this frequency. The
fcLkpev parameter specifies how much the incoming clock can differ from the specified frequency during device

operation. Simulation does not reflect this parameter.
(2) Twenty-five thousand parts per million (PPM) equates to 2.5% of input clock period.

(3) During device configuration, the ClockLock and ClockBoost circuitry is configured before the rest of the device. If

the incoming clock is supplied during configuration, the ClockLock and ClockBoost circuitry locks during
configuration because the t, ock value is less than the time required for configuration.

(4) The ty1er specification is measured under long-term observation. The maximum value for tygg is 200 ps if
tincLksTR IS lower than 50 ps.

I/0

Configuration

This section discusses the PCI pull-up clamping diode option, slew-rate

control, open-drain output option, and MultiVolt 1/0 interface for
ACEX 1K devices. The PCI pull-up clamping diode, slew-rate control, and

open-drain output options are controlled pin-by-pin via Altera software
logic options. The MultiVolt 170 interface is controlled by connecting

Vccio to adifferent voltage than V¢ Nt Its effect can be simulated in the
Altera software via the Global Project Device Options dialog box (Assign

menu).

Altera Corporation
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Generic Testing

Each ACEX 1K device is functionally tested. Complete testing of each
configurable static random access memory (SRAM) bit and all logic

functionality ensures 100% yield. AC test measurements for ACEX 1K
devices are made under conditions equivalent to those shown in

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

Figure 21. ACEX 1K AC Test Conditions
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Operating Tables 18 through 21 provide i_nformation on ab_solute mf':l)_(imum ratings,
. recommended operating conditions, DC operating conditions, and

Conditions capacitance for 2.5-V ACEX 1K devices.

Table 18. ACEX 1K Device Absolute Maximum Ratings ~ Note (1)

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

bias
45
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Figure 28. Synchronous Bidirectional Pin External Timing Model
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Tables 29 and 30 show the asynchronous and synchronous timing

waveforms, respectively, for the EAB macroparameters in Table 24.

Figure 29. EAB Asynchronous Timing Waveforms
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Table 22. LE Timing Microparameters (Part2of2)  Note (1)

Symbol Parameter Conditions
tcasc Cascade-in to cascade-out delay
tc LE register control signal delay
tco LE register clock-to-output delay
tcoms Combinatorial delay
tsy 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
tclr LE register clear delay
teH Minimum clock high time from clock pin
toL Minimum clock low time from clock pin
Table 23. 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
tiocomB 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
tocLr IOE register clear time
top1 Output buffer and pad delay, slow slew rate = off, Vocio = 3.3V C1=35pF (2)
topz Output buffer and pad delay, slow slew rate = off, Vccio = 2.5V C1=35pF (3)
tops Output buffer and pad delay, slow slew rate = on C1=35pF (4)
txz IOE output buffer disable delay
trx1 IOE output buffer enable delay, slow slew rate = off, Voo = 3.3V C1=35pF (2)
trxo IOE output buffer enable delay, slow slew rate = off, Voo = 2.5V C1=35pF (3)
trx3 IOE output buffer enable delay, slow slew rate = on C1=35pF (4)
tNREG IOE input pad and buffer to IOE register delay
torp IOE register feedback delay
tincomB IOE input pad and buffer to FastTrack Interconnect delay
Altera Corporation 55
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Table 24. EAB Timing Microparameters Note (1)
Symbol Parameter Conditions
tEABDATAL Data or address delay to EAB for combinatorial input
tEABDATA2 Data or address delay to EAB for registered input
tEABWEL Write enable delay to EAB for combinatorial input
tEABWE2 Write enable delay to EAB for registered input
tEABRE1L Read enable delay to EAB for combinatorial input
tEABRE2 Read enable delay to EAB for registered input
tEABCLK EAB register clock delay
teaBCO EAB register clock-to-output delay
tEABBYPASS Bypass register delay
tEABSU EAB register setup time before clock
tEABH EAB register hold time after clock
tEABCLR EAB register asynchronous clear time to output delay
tan Address access delay (including the read enable to output delay)
twp Write pulse width
trp Read pulse width
twbpsu Data setup time before falling edge of write pulse (5)
twoH Data hold time after falling edge of write pulse (5)
twasu Address setup time before rising edge of write pulse (5)
twAH Address hold time after falling edge of write pulse (5)
tRASU Address setup time before rising edge of read pulse
tRAH Address hold time after falling edge of read pulse
two Write enable to data output valid delay
top Data-in to data-out valid delay
tEABOUT Data-out delay
tEABCH Clock high time
teaBCL Clock low time
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Table 32. EP1K10 Device EAB Internal Microparameters  Note (1)
Symbol Speed Grade Unit
-1 -2 -3
Min Max Min Max Min Max
tEABDATAL 1.8 1.9 1.9 ns
tEABDATA2 0.6 0.7 0.7 ns
tEABWEL 1.2 1.2 1.2 ns
tEABWE2 0.4 0.4 0.4 ns
teABREL 0.9 0.9 0.9 ns
tEABRE2 0.4 0.4 0.4 ns
teaBCLK 0.0 0.0 0.0 ns
teaBCO 0.3 0.3 0.3 ns
tEABBYPASS 0.5 0.6 0.6 ns
teaBsu 1.0 1.0 1.0 ns
teaBH 0.5 0.4 0.4 ns
teABCLR 0.3 0.3 0.3 ns
tan 3.4 3.6 3.6 ns
twe 2.7 2.8 2.8 ns
tpp 1.0 1.0 1.0 ns
twosu 1.0 1.0 1.0 ns
twoH 0.1 0.1 0.1 ns
twasu 1.8 1.9 1.9 ns
twan 1.9 2.0 2.0 ns
tRASU 31 35 35 ns
traH 0.2 0.2 0.2 ns
two 2.7 2.8 2.8 ns
top 2.7 2.8 2.8 ns
teABOUT 0.5 0.6 0.6 ns
teaABCH 15 2.0 2.0 ns
teaBCL 2.7 2.8 2.8 ns
62 Altera Corporation
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Table 44. EP1K50 Device LE Timing Microparameters (Part 20f2)  Note (1)
Symbol Speed Grade Unit
-1 -2 -3
Min Max Min Max Min Max
tco 0.6 0.6 0.7 ns
tcoms 0.3 0.4 0.5 ns
tsy 0.5 0.6 0.7 ns
ty 0.5 0.6 0.8 ns
tpre 0.4 0.5 0.7 ns
tolr 0.8 1.0 1.2 ns
teH 2.0 2.5 3.0 ns
teL 2.0 25 3.0 ns
Table 45. EP1K50 Device IOE Timing Microparameters Note (1)
Symbol Speed Grade Unit
-1 -2 -3
Min Max Min Max Min Max

tiob 1.3 1.3 1.9 ns
tioc 0.3 0.4 0.4 ns
tioco 17 21 2.6 ns
tiocoms 0.5 0.6 0.8 ns
tiosu 0.8 1.0 1.3 ns
tion 0.4 0.5 0.6 ns
tiocLr 0.2 0.2 0.4 ns
top1 1.2 1.2 1.9 ns
top2 0.7 0.8 1.7 ns
tops 2.7 3.0 4.3 ns
tyz 4.7 5.7 7.5 ns
trx1 4.7 5.7 75 ns
trxo 42 5.3 7.3 ns
trxs 6.2 7.5 9.9 ns
tNREG 35 4.2 5.6 ns
tioFD 1.1 1.3 1.8 ns
tiINcOMB 1.1 1.3 1.8 ns

Altera Corporation
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Table 50. EP1K50 External Bidirectional Timing Parameters  Note (1)

Symbol Speed Grade Unit

-1 -2 -3
Min Max Min Max Min Max

tinsuBIDIR (2) 2.7 3.2 4.3 ns
tinneiDIR (2) 0.0 0.0 0.0 ns
tinsusiDir (3) 3.7 4.2 _ ns
tnHeiDIR (3) 0.0 0.0 _ ns
tOUTCOB|D|R (2) 2.0 4.5 2.0 5.2 2.0 7.3 ns
txzeiDIR (2) 6.8 7.8 10.1 ns
tzxgiDIR (2) 6.8 7.8 10.1 ns
toutcosipir (3) 0.5 35 0.5 4.2 - -
txzeipir (3) 6.8 8.4 _ .
tzxgioiR (3) 6.8 8.4 _ ns

Notes to tables:

(1) Alltiming parameters are described in Tables 22 through 29.
(2) This parameter is measured without use of the ClockLock or ClockBoost circuits.
(3) This parameter is measured with use of the ClockLock or ClockBoost circuits

Altera Corporation
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The IccacTive Value can be calculated with the following equation:

lccacTive = Kx fyax X N xtog, ¢ (MA)

Where:

fuax = Maximum operating frequency in MHz

N = Total number of LEs used in the device

tog c = Average percent of LEs toggling at each clock
(typically 12.5%)

K = Constant

Table 58 provides the constant (K) values for ACEX 1K devices.

Table 58. ACEX 1K Constant Values

Device K Value
EP1K10 4.5
EP1K30 4.5
EP1K50 4.5
EP1K100 4.5

This supply power calculation provides an Iq¢ estimate based on typical
conditions with no output load. The actual Ic¢ 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 ACEX 1K
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 ACEX 1K devices. For information on other ACEX 1K
devices, contact Altera Applications at (800) 800-EPLD.
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Figure 31. ACEX 1K IccacTive VS- Operating Frequency
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Configuration &
Operation

Altera Corporation

The ACEX 1K architecture supports several configuration schemes. This
section summarizes the device operating modes and available device
configuration schemes.

Operating Modes

The ACEX 1K architecture uses SRAM configuration elements that
require configuration data to be loaded every time the circuit powers up.
The process of physically loading the SRAM data into the device is called
configuration. Before configuration, as V¢ rises, the device initiates a
Power-On Reset (POR). This POR event clears the device and prepares it
for configuration. The ACEX 1K POR time does not exceed 50 ps.

1= When configuring with a configuration device, refer to the

relevant configuration device data sheet for POR timing
information.
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Revision
History

Altera Corporation

The information contained in the ACEX 1K Programmable Logic Device
Family Data Sheet version 3.4 supersedes information published in
previous versions.

The following changes were made to the ACEX 1K Programmable Logic
Device Family Data Sheet version 3.4: added extended temperature
support.
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