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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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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
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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.
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Figure 9. FLEX 10K LE Operating Modes
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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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Table 8. EPF10K10, EPF10K20, EPF10K30, EPF10K40 & EPF10K50 Peripheral Bus Sources

Peripheral EPF10K10 EPF10K20 EPF10K30 EPF10K40 | EPF10K50
Control Signal EPF10K10A EPF10K30A EPF10K50V

CEO Row A Row A Row A Row A Row A
CEl Row A Row B Row B Row C Row B
CE2 Row B Row C Row C Row D Row D
OE3 Row B Row D Row D Row E Row F
OE4 Row C Row E Row E Row F Row H
OE5 Row C Row F Row F Row G Row J
CLKENAO/ CLKO/ GLOBALO Row A Row A Row A Row B Row A
CLKENA1/ OE6/ GLOBAL1 Row A Row B Row B Row C Row C
CLKENA2/ CLRO Row B Row C Row C Row D Row E
CLKENA3/ OE7/ GLOBAL2 Row B Row D Row D Row E Row G
CLKENA4/ CLR1 Row C Row E Row E Row F Row |

CLKENA5/ CLK1/ GLOBAL3 Row C Row F Row F Row H Row J

Table 9. EPF10K70, EPF10K100, EPF10K130V & EPF10K250A Peripheral Bus Sources

Peripheral EPF10K70 EPF10K100 EPF10K130V EPF10K250A
Control Signal EPF10K100A

CEO Row A Row A Row C Row E
CEl Row B Row C Row E Row G
CE2 Row D Row E Row G Row |

OE3 Row | Row L Row N Row P
CE4 Row G Row | Row K Row M
OES5 Row H Row K Row M Row O
CLKENAO/ CLKO/ GLOBALO Row E Row F Row H Row J
CLKENA1/ CE6/ GLOBAL1 Row C Row D Row F Row H
CLKENA2/ CLRO Row B Row B Row D Row F
CLKENA3/ CE7/ GLOBAL2 Row F Row H Row J Row L
CLKENA4/ CLR1 Row H Row J Row L Row N
CLKENAS5/ CLK1/ GLOBAL3 Row E Row G Row | Row K
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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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Figure 18 shows the timing requirements for the JTAG signals.

Figure 18. JTAG Waveforms
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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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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
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Table 19. FLEX 10K 5.0-V Device DC Operating Conditions

Notes (5), (6)

Symbol Parameter Conditions Min Typ Max Unit

\m High-level input 2.0 Veent 05| V
voltage

VL Low-level input voltage -0.5 0.8 \Y

Vou 5.0-V high-level TTL  |lgy=—-4 MADC, V0 =4.75V 24 \
output voltage (@)
3.3-V high-level TTL  |lgy =—-4 mA DC, V¢c)0 =3.00V 24 \
output voltage (@)
3.3-V high-level CMOS |lgy=-0.1mADC,Vci0=3.00V | Vo — 0.2 \
output voltage (@)

VoL 5.0-V low-level TTL loL=12mADC, Vcgio=4.75V 0.45 \
output voltage (8)
3.3-V low-level TTL loL =12 mADC, V¢gio=3.00V 0.45 \
output voltage (8)
3.3-V low-level CMOS |l = 0.1 mADC, Vo =3.00V 0.2 \
output voltage (8)

I Input pin leakage V| = V¢ orground -10 10 HA
current 9)

loz Tri-stated I/O pin Vo =V or ground -40 40 HA
leakage current 9)

lcco V¢ supply current V| = ground, no load 0.5 10 mA
(standby)

Table 20. 5.0-V Device Capacitance of EPF10K10, EPF10K20 & EPF10K30 Devices  Note (10)

Symbol Parameter Conditions Min Max Unit

Cin Input capacitance ViN=0V,f=1.0MHz 8 pF

CincLk | Input capacitance on dedicated |V, =0V, f=1.0 MHz 12 pF
clock pin

Cout | Output capacitance Vour=0V, f=1.0 MHz 8 pF

Table 21. 5.0-V Device Capacitance of EPF10K40, EPF10K50, EPF10K70 & EPF10K100 Devices Note (10)

Symbol Parameter Conditions Min Max Unit
Cin Input capacitance Vin=0V,f=1.0MHz 10 pF
Cincik | Input capacitance on dedicated |Viy =0V, f=1.0 MHz 15 pF
clock pin
Cout |Output capacitance Voutr =0V, f=1.0 MHz 10 pF
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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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Figure 28. Synchronous Bidirectional Pin External Timing Model
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Tables 32 through 36 describe the FLEX 10K device internal timing
parameters. These internal timing parameters are expressed as worst-case
values. Using hand calculations, these parameters can be used to estimate
design performance. However, before committing designs to silicon,
actual worst-case performance should be modeled using timing
simulation and analysis. Tables 37 through 38 describe FLEX 10K external
timing parameters.

Table 32. LE Timing Microparameters (Part 10f2)  Note (1)
Symbol Parameter Conditions
tut LUT delay for data-in
teLuT LUT delay for carry-in
trRLUT LUT delay for LE register feedback
tpACKED Data-in to packed register delay
ten LE register enable delay
tcico Carry-in to carry-out delay
tcGEN Data-in to carry-out delay
tcGENR LE register feedback to carry-out delay
tcasc Cascade-in to cascade-out delay
te LE register control signal delay
tco LE register clock-to-output delay
tcoms Combinatorial delay
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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

62
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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 51. EPF10K30, EPF10K40 & EPF10K50 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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Tables 71 through 77 show EPF10K50V device internal and external
timing parameters.

Table 71. EPF10K50V Device LE 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

tLuT 0.9 1.0 1.3 1.6 ns
teLuT 0.1 0.5 0.6 0.6 ns
tRLUT 0.5 0.8 0.9 1.0 ns
tpACKED 0.4 0.4 0.5 0.7 ns
ten 0.7 0.9 1.1 1.4 ns
tcico 0.2 0.2 0.2 0.3 ns
teEN 0.8 0.7 0.8 1.2 ns
tccENR 0.4 0.3 0.3 0.4 ns
teasc 0.7 0.7 0.8 0.9 ns
te 0.3 1.0 1.3 15 ns
tco 0.5 0.7 0.9 1.0 ns
tcoms 0.4 0.4 0.5 0.6 ns
tsy 0.8 1.6 2.2 2.5 ns
thy 0.5 0.8 1.0 1.4 ns
tpRE 0.8 0.4 0.5 0.5 ns
tolr 0.8 0.4 0.5 0.5 ns
ten 2.0 4.0 4.0 4.0 ns
teL 2.0 4.0 4.0 4.0 ns
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Table 72. EPF10K50V Device IOE 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
tiop 1.2 1.6 1.9 2.1 ns
tioc 0.3 0.4 05 0.5 ns
tioco 0.3 0.3 0.4 0.4 ns
tiocoms 0.0 0.0 0.0 0.0 ns
tosu 2.8 2.8 3.4 3.9 ns
tioH 0.7 0.8 1.0 14 ns
tocLRr 0.5 0.6 0.7 0.7 ns
top1 2.8 3.2 39 4.7 ns
top2 - - - - ns
tops 6.5 6.9 7.6 8.4 ns
tyz 2.8 3.1 38 4.6 ns
trx1 2.8 3.1 38 4.6 ns
tzx2 - - - - ns
tyxa 6.5 6.8 7.5 8.3 ns
tiNREG 5.0 5.7 7.0 9.0 ns
tiorD 15 1.9 2.3 2.7 ns
tincoms 15 1.9 2.3 2.7 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 78 through 84 show EPF10K130V device internal and external

timing parameters.

Table 78. EPF10K130V Device LE Timing Microparameters Note (1)
Symbol -2 Speed Grade -3 Speed Grade -4 Speed Grade Unit
Min Max Min Max Min Max
tLuT 1.3 1.8 2.3 ns
teLut 0.5 0.7 0.9 ns
trLUT 1.2 1.7 2.2 ns
tpACKED 0.5 0.6 0.7 ns
ten 0.6 0.8 1.0 ns
tcico 0.2 0.3 0.4 ns
tcceN 0.3 0.4 0.5 ns
tcGENR 0.7 1.0 13 ns
tcasc 0.9 1.2 15 ns
tc 1.9 2.4 3.0 ns
teo 0.6 0.9 1.1 ns
tcoms 0.5 0.7 0.9 ns
tsy 0.2 0.2 0.3 ns
ty 0.0 0.0 0.0 ns
tpRE 2.4 3.1 3.9 ns
tolr 2.4 3.1 3.9 ns
ten 4.0 4.0 4.0 ns
teL 4.0 4.0 4.0 ns
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Table 80. EPF10K130V Device EAB Internal Microparameters  Note (1)

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

teaBDATAL 1.9 2.4 2.4 ns
tEABDATA2 3.7 4.7 4.7 ns
tEABWEL 1.9 2.4 2.4 ns
tEABWE2 3.7 4.7 4.7 ns
teaBCLK 0.7 0.9 0.9 ns
teasco 0.5 0.6 0.6 ns
{EABBYPASS 0.6 0.8 0.8 ns
teaBSU 14 1.8 1.8 ns
teABH 0.0 0.0 0.0 ns
tan 5.6 7.1 7.1 ns
twp 3.7 47 47 ns
twosu 4.6 5.9 5.9 ns
twbH 0.0 0.0 0.0 ns
twAsU 3.9 5.0 5.0 ns
twaH 0.0 0.0 0.0 ns
two 5.6 7.1 7.1 ns
top 5.6 7.1 7.1 ns
teaBOUT 2.4 3.1 3.1 ns
teaBCH 4.0 4.0 4.0 ns
teaBcL 4.0 4.7 4.7 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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Notes:

Altera Corporation 127



