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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
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Figure 7 shows how an n-bit full adder can be implemented in 2 + 1 LEs
with the carry chain. One portion of the LUT generates the sum of two bits
using the input signals and the carry-in signal; the sum is routed to the
output of the LE. The register can either be bypassed for simple adders or
be used for an accumulator function. The carry chain logic generates the
carry-out signal, which is routed directly to the carry-in signal of the next-
higher-order bit. The final carry-out signal is routed to an LE, where it can
be used as a general-purpose signal.

Figure 7. Carry Chain Operation (n-bit Full Adder)
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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.
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Figure 11. LAB Connections to Row & Column Interconnect
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Table 13. FLEX 10K 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 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 10K device via JTAG ports with a
BitBlaster, or ByteBlasterMV or MasterBlaster download cable, or using a Jam File
(.jam) or Jam Byte-Code File (.jbc) via an embedded processor.

Altera Corporation

The instruction register length of FLEX 10K devices is 10 bits. The
USERCODE register length in FLEX 10K devices is 32 bits; 7 bits are
determined by the user, and 25 bits are predetermined. Tables 14 and 15
show the boundary-scan register length and device IDCODE information
for FLEX 10K devices.

Table 14. FLEX 10K Boundary-Scan Register Length
Device Boundary-Scan
Register Length
EPF10K10, EPF10K10A 480
EPF10K20 624
EPF10K30, EPF10K30A 768
EPF10K40 864
EPF10K50, EPF10K50V 960
EPF10K70 1,104
EPF10K100, EPF10K100A 1,248
EPF10K130V 1,440
EPF10K250A 1,440
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Figure 18 shows the timing requirements for the JTAG signals.

Figure 18. JTAG Waveforms
T™S X X X X

ticp
1 jcH—>ie—t oL —» HtJPSU%‘—’gtJPH
TCK |—
tpzxie— tipco i+ % Lopxz
TDO —( X
. tissu i tish,
Signal I S : :
to Be X X X X
Captured D ' : [N
Sl Uyszxie—r tyscoe— Usxz:
igna ; ; i
to Be ( X
Driven '

Table 16 shows the timing parameters and values for FLEX 10K devices.

Table 16. JTAG Timing Parameters & Values
Symbol Parameter Min | Max | Unit
tyjcp | TCK clock period 100 ns
tyjcn | TCK clock high time 50 ns
tyc | TCKclock low time 50 ns
typsuy |JTAG port setup time 20 ns
typn |JTAG port hold time 45 ns
typco |JTAG port clock to output 25 ns
typzx  |JTAG port high impedance to valid output 25 ns
typxz |JTAG port valid output to high impedance 25 ns
tjssu | Capture register setup time 20 ns
tysy | Capture register hold time 45 ns
tyjsco |Update register clock to output 35 ns
tjszx | Update register high-impedance to valid output 35 ns
tysxz |Update register valid output to high impedance 35 ns
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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
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Table 35. EAB Timing Macroparameters  Notes (1), (6)

Symbol Parameter Conditions

tEABAA EAB address access delay

teaBrccome | EAB asynchronous read cycle time

tEABRCREG EAB synchronous read cycle time

teABWP EAB write pulse width

teaswccove | 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
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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 41. EPF10K10 & EPF10K20 Device EAB Internal Microparameters  Note (1)
Symbol -3 Speed Grade -4 Speed Grade Unit
Min Max Min Max

tEABDATAL 15 1.9 ns
tEABDATA2 4.8 6.0 ns
tEABWEL 1.0 1.2 ns
tEABWE2 5.0 6.2 ns
tEABCLK 1.0 2.2 ns
tEABCO 0.5 0.6 ns
teABBYPASS 15 1.9 ns
teABSU 15 1.8 ns
tEABH 2.0 25 ns
tan 8.7 10.7 ns
twe 5.8 7.2 ns
twbsu 1.6 2.0 ns
twpH 0.3 0.4 ns
twasu 0.5 0.6 ns
twaAH 1.0 12 ns
two 5.0 6.2 ns
top 5.0 6.2 ns
tEABOUT 0.5 0.6 ns
teaABCH 4.0 4.0 ns
teaBCL 5.8 7.2 ns
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Table 42. EPF10K10 & EPF10K20 Device EAB Internal Timing Macroparameters  Note (1)
Symbol -3 Speed Grade -4 Speed Grade Unit
Min Max Min Max

teaBAA 13.7 17.0 ns
teABRCCOMB 13.7 17.0 ns
lEABRCREG 9.7 11.9 ns
teaBWP 5.8 7.2 ns
teABWCCOMB 7.3 9.0 ns
lEABWCREG 13.0 16.0 ns
teABDD 10.0 12.5 ns
tEABDATACO 2.0 3.4 ns
lEABDATASU 5.3 5.6 ns
tEABDATAH 0.0 0.0 ns
tEABWESU 5.5 5.8 ns
tEABWEH 0.0 0.0 ns
teABWDSU 5.5 5.8 ns
tEABWDH 0.0 0.0 ns
teaBWASU 2.1 2.7 ns
tEABWAH 0.0 0.0 ns
teaBWO 9.5 11.8 ns
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Table 52. EPF10K30 Device Interconnect Timing Microparameters  Note (1)
Symbol -3 Speed Grade -4 Speed Grade Unit
Min Max Min Max
tDIN2IOE 6.9 8.7 ns
tDIN2LE 3.6 4.8 ns
{DIN2DATA 55 7.2 ns
tbcLK210E 4.6 6.2 ns
tbcLkaLE 3.6 4.8 ns
{SAMELAB 0.3 0.3 ns
tsAMEROW 3.3 3.7 ns
{SAMECOLUMN 2.5 2.7 ns
tDIFFROW 5.8 6.4 ns
trworows 9.1 10.1 ns
YLEPERIPH 6.2 7.1 ns
Y ABCARRY 0.4 0.6 ns
tLaBcASC 2.4 3.0 ns
Table 53. EPF10K40 Device Interconnect Timing Microparameters  Note (1)
Symbol -3 Speed Grade -4 Speed Grade Unit
Min Max Min Max
tDiN2IOE 7.6 9.4 ns
tDINaLE 3.6 48 ns
tDIN2DATA 5.5 7.2 ns
IbcLK210E 4.6 6.2 ns
tbcLKoLE 3.6 4.8 ns
tSAMELAB 0.3 0.3 ns
tsAMEROW 3.3 3.7 ns
{SAMECOLUMN 31 3.2 ns
IpIFFROW 6.4 6.4 ns
trworows 9.7 10.6 ns
tLEPERIPH 6.4 7.1 ns
{LABCARRY 0.4 0.6 ns
t aBcASC 2.4 3.0 ns
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Table 58. EPF10K70 Device IOE Timing Microparameters  Note (1)
Symbol -2 Speed Grade -3 Speed Grade -4 Speed Grade Unit
Min Max Min Max Min Max

tiop 0.0 0.0 0.0 ns
tioc 0.4 0.5 0.7 ns
tioco 0.4 0.4 0.9 ns
tiocoms 0.0 0.0 0.0 ns
tiosu 45 5.0 6.2 ns
tioH 0.4 0.5 0.7 ns
tiocr 0.6 0.7 1.6 ns
top1 3.6 4.0 5.0 ns
top2 5.6 6.3 7.3 ns
tops 6.9 7.7 8.7 ns
tyz 55 6.2 6.8 ns
trxq 55 6.2 6.8 ns
tzxo 7.5 8.5 9.1 ns
trxa 8.8 9.9 10.5 ns
tNREG 8.0 9.0 10.2 ns
tiorFD 7.2 8.1 10.3 ns
tincomB 7.2 8.1 10.3 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 64 through 70 show EPF10K100 device internal and external timing

parameters.
Table 64. EPF10K100 Device LE Timing Microparameters Note (1)
Symbol -3DX Speed Grade -3 Speed Grade -4 Speed Grade Unit
Min Max Min Max Min Max
tLuT 1.5 1.5 2.0 ns
tcrur 0.4 0.4 0.5 ns
trLuT 1.6 1.6 2.0 ns
tpACKED 0.9 0.9 1.3 ns
ten 0.9 0.9 1.2 ns
tcico 0.2 0.2 0.3 ns
teGEN 1.1 1.1 1.4 ns
tcGENR 1.2 1.2 15 ns
teasc 1.1 1.1 1.3 ns
te 0.8 0.8 1.0 ns
tco 1.0 1.0 1.4 ns
tcoms 0.5 0.5 0.7 ns
tsy 2.1 2.1 2.6 ns
th 2.3 2.3 3.1 ns
tprE 1.0 1.0 14 ns
tolr 1.0 1.0 1.4 ns
ten 4.0 4.0 4.0 ns
toL 4.0 4.0 4.0 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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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 85 through 91 show EPF10K10A device internal and external
timing parameters.

Table 85. EPF10K10A Device LE Timing Microparameters Note (1)
Symbol -1 Speed Grade -2 Speed Grade -3 Speed Grade Unit
Min Max Min Max Min Max
tLuT 0.9 1.2 1.6 ns
toLut 12 14 1.9 ns
trLUT 1.9 2.3 3.0 ns
tpACKED 0.6 0.7 0.9 ns
ten 0.5 0.6 0.8 ns
tcico 02 0.3 0.4 ns
tcaen 0.7 0.9 1.1 ns
tcGENR 0.7 0.9 11 ns
tcasc 1.0 1.2 1.7 ns
te 1.2 1.4 1.9 ns
tco 0.5 0.6 0.8 ns
tcoms 0.5 0.6 0.8 ns
tsy 1.1 1.3 1.7 ns
ty 0.6 0.7 0.9 ns
tprRE 0.5 0.6 0.9 ns
tolr 0.5 0.6 0.9 ns
ten 3.0 3.5 4.0 ns
toL 3.0 3.5 4.0 ns
Table 86. EPF10K10A 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

1.3 15 2.0 ns
toc 0.2 0.3 0.3 ns
tioco 0.2 0.3 0.4 ns
tiocome 0.6 0.7 0.9 ns
tiosu 0.8 1.0 1.3 ns
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Table 100. EPF10K100A Device IOE Timing Microparameters  Note (1)

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

tiop 2.5 2.9 3.4 ns
tioc 0.3 0.3 0.4 ns
tioco 0.2 0.2 0.3 ns
tiocoms 0.5 0.6 0.7 ns
tiosu 1.3 1.7 1.8 ns
tion 0.2 0.2 0.3 ns
tiocLr 1.0 1.2 1.4 ns
top1 2.2 2.6 3.0 ns
top2 4.5 5.3 6.1 ns
tops 6.8 7.9 9.3 ns
tyz 2.7 31 3.7 ns
trx1 2.7 3.1 3.7 ns
tzx2 5.0 5.8 6.8 ns
tzx3 7.3 8.4 10.0 ns
tiNREG 5.3 6.1 7.2 ns
tiorD 4.7 55 6.4 ns
tincoms 4.7 55 6.4 ns
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SRAM configuration elements allow FLEX 10K devices to be reconfigured
in-circuit by loading new configuration data into the device. Real-time
reconfiguration is performed by forcing the device into command mode
with a device pin, loading different configuration data, reinitializing the
device, and resuming user-mode operation.

The entire reconfiguration process may be completed in less than 320 ms
using an EPF10K250A device with a DCLK frequency of 10 MHz. This
process can be used to reconfigure an entire system dynamically. In-field
upgrades can be performed by distributing new configuration files.

=" Refer to the configuration device data sheet to obtain the POR
delay when using a configuration device method.

Programming Files

Despite being function- and pin-compatible, FLEX 10KA and FLEX 10KE
devices are not programming- or configuration-file compatible with
FLEX 10K devices. A design should be recompiled before it is transferred
from a FLEX 10K device to an equivalent FLEX 10KA or FLEX 10KE
device. This recompilation should be performed to create a new
programming or configuration file and to check design timing on the
faster FLEX 10KA or FLEX 10KE device. The programming or
configuration files for EPF10K50 devices can program or configure an
EPF10K50V device. However, Altera recommends recompiling a design
for the EPF10K50V device when transferring it from the EPF10K50 device.

Configuration Schemes

The configuration data for a FLEX 10K device can be loaded with one of
five configuration schemes (see Table 116), chosen on the basis of the
target application. An EPC1, EPC2, EPC16, or EPC1441 configuration
device, intelligent controller, or the JTAG port can be used to control the
configuration of a FLEX 10K device, allowing automatic configuration on
system power-up.
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Multiple FLEX 10K devices can be configured in any of the five
configuration schemes by connecting the configuration enable (nCE) and
configuration enable output (nCEO) pins on each device.

Table 116. Data Sources for Configuration

Configuration Scheme Data Source

Configuration device

EPC1, EPC2, EPC16, or EPC1441 configuration device

Passive serial (PS)

BitBlaster, MasterBlaster, or ByteBlasterMV download cable, or
serial data source

Passive parallel asynchronous (PPA) Parallel data source
Passive parallel synchronous (PPS) Parallel data source
JTAG BitBlaster, MasterBlaster, or ByteBlasterMV download cable, or

microprocessor with Jam STAPL file or Jam Byte-Code file

Device Pin-
Outs

Revision
History
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See the Altera web site (http://www.altera.com) or the Altera Digital
Library for pin-out information.

The information contained in the FLEX 10K Embedded Programmable Logic
Device Family Data Sheet version 4.2 supersedes information published in
previous versions.

Version 4.2 Changes

The following change was made to version 4.2 of the FLEX 10K Embedded
Programmable Logic Device Family Data Sheet: updated Figure 13.

Version 4.1 Changes

The following changes were made to version 4.1 of the FLEX 10K
Embedded Programmable Logic Device Family Data Sheet.

Updated General Description section
Updated I/O Element section
Updated SameFrame Pin-Outs section
Updated Figure 16

Updated Tables 13 and 116

Added Note 9 to Table 19

Added Note 10 to Table 24

Added Note 10 to Table 28
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