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FLEX 10K Embedded Programmable Logic Device Family Data Sheet

Table 2. FLEX 10K Device Features

Feature EPF10K70 EPF10K100 EPF10K130V EPF10K250A
EPF10K100A

Typical gates (logic and 70,000 100,000 130,000 250,000
RAM) (1)
Maximum system gates 118,000 158,000 211,000 310,000
LEs 3,744 4,992 6,656 12,160
LABs 468 624 832 1,520
EABs 9 12 16 20
Total RAM bits 18,432 24,576 32,768 40,960
Maximum user 1/O pins 358 406 470 470

Note to tables:

(1) The embedded IEEE Std. 1149.1 JTAG circuitry adds up to 31,250 gates in addition to the listed typical or maximum

system gates.

...and More
Features

—  Devices are fabricated on advanced processes and operate with

a 3.3-V or 5.0-V supply voltage (see Table 3

- In-circuit reconfigurability (ICR) via external configuration
device, intelligent controller, or JTAG port

- ClockLock™ and ClockBoost™ options for reduced clock
delay/skew and clock multiplication

—  Built-in low-skew clock distribution trees

- 100% functional testing of all devices; test vectors or scan chains

are not required

Table 3. Supply Voltages for FLEX 10K & FLEX 10KA Devices

5.0-V Devices 3.3-V Devices
EPF10K10 EPF10K10A
EPF10K20 EPF10K30A
EPF10K30 EPF10K50V
EPF10K40 EPF10K100A
EPF10K50 EPF10K130V
EPF10K70 EPF10K250A
EPF10K100
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Figure 4. FLEX 10K Embedded Array Block
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Note:

(1) EPF10K10, EPF10K10A, EPF10K20, EPF10K30, EPF10K30A, EPF10K40, EPF10K50, and EPF10K50V devices have
22 EAB local interconnect channels; EPF10K70, EPF10K100, EPF10K100A, EPF10K130V, and EPF10K250A devices
have 26.
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FLEX 10K Embedded Programmable Logic Device Family Data Sheet

Logic Array Block

Each 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 10K architecture, facilitating
efficient routing with optimum device utilization and high performance.
See Figure 5.

Figure 5. FLEX 10K LAB
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(1) EPF10K10, EPF10K10A, EPF10K20, EPF10K30, EPF10K30A, EPF10K40, EPF10K50, and EPF10K50V devices have
22 inputs to the LAB local interconnect channel from the row; EPF10K70, EPF10K100, EPF10K100A, EPF10K130V,
and EPF10K250A devices have 26.

(2) EPF10K10, EPF10K10A, EPF10K20, EPF10K30, EPF10K30A, EPF10K40, EPF10K50, and EPF10K50V devices have
30 LAB local interconnect channels; EPF10K70, EPF10K100, EPF10K100A, EPF10K130V, and EPF10K250A devices
have 34 LABs.
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Each LAB provides four control signals with programmable inversion
that can be used in all eight LEs. Two of these signals can be used as clocks;
the other two can be used for clear/preset control. The LAB clocks can be
driven by the dedicated clock input pins, global signals, I/O signals, or
internal signals via the LAB local interconnect. The LAB preset and clear
control signals can be driven by the global signals, I/O signals, or internal
signals via the LAB local interconnect. The global control signals are
typically used for global clock, clear, or preset signals because they
provide asynchronous control with very low skew across the device. If
logic is required on a control signal, it can be generated in one or more LEs
in any LAB and driven into the local interconnect of the target LAB. In
addition, the global control signals can be generated from LE outputs.

Logic Element

The LE, the smallest unit of logic in the FLEX 10K architecture, has a
compact size that provides efficient logic utilization. Each LE contains a
four-input LUT, which is a function generator that can quickly compute
any function of four variables. In addition, each LE contains a
programmable flipflop with a synchronous enable, a carry chain, and a
cascade chain. Each LE drives both the local and the FastTrack
Interconnect. See Figure 6.

Figure 6. FLEX 10K Logic Element
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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.
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Altera Corporation

1/0 Element

An1/0 element (IOE) contains a bidirectional I/O buffer and a register
that can be used either as an input register for external data that requires
a fast setup time, or as an output register for data that requires fast clock-
to-output performance. In some cases, using an LE register for an input
register will result in a faster setup time than using an IOE register. IOEs
can be used as input, output, or bidirectional pins. For bidirectional
registered I/O implementation, the output register should be in the IOE
and, the data input and output enable register should be LE registers
placed adjacent to the bidirectional pin. The Compiler uses the
programmable inversion option to invert signals from the row and
column interconnect automatically where appropriate. Figure 13 shows
the bidirectional I/O registers.
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Figure 13. Bidirectional I/0 Registers
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Figure 26. FLEX 10K Device IOE Timing Model
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Figures 28 shows the timing model for bidirectional I/O pin timing.
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Table 32. LE Timing Microparameters (Part2 of 2)  Note (1)

Symbol Parameter Conditions

tsu 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
tcir LE register clear delay
tcH Minimum clock high time from clock pin
teL Minimum clock low time from clock pin
Table 33. 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
tiocoms 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
tlocLr IOE register clear time
top1 Output buffer and pad delay, slow slew rate = off, Vccio = Veaint C1=35pF (2)
topz Output buffer and pad delay, slow slew rate = off, Voc o = low voltage C1=35pF (3)
tops Output buffer and pad delay, slow slew rate = on C1=35pF (4)
tyz IOE output buffer disable delay
tzx1 IOE output buffer enable delay, slow slew rate = off, Vccio = Veaint C1=35pF (2)
tzx2 IOE output buffer enable delay, slow slew rate = off, Vc¢ o = low voltage C1=35pF (3)
tzx3 IOE output buffer enable delay, slow slew rate = on C1=35pF (4)
tINREG IOE input pad and buffer to IOE register delay
tiorp IOE register feedback delay
tincomB IOE input pad and buffer to FastTrack Interconnect delay

60
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Table 34. 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
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
tan Address access delay
twp Write pulse width
twpsu Data setup time before falling edge of write pulse (5)
twbH 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)
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 36. Interconnect Timing Microparameters Note (1)
Symbol Parameter Conditions
toIN2IOE Delay from dedicated input pin to IOE control input ()]
tbeLkoLE Delay from dedicated clock pin to LE or EAB clock (@)
tpIN2DATA Delay from dedicated input or clock to LE or EAB data @)
tbcLk2I10E Delay from dedicated clock pin to IOE clock @)
tDiN2LE Delay from dedicated input pin to LE or EAB control input (@)
tSAMELAB Routing delay for an LE driving another LE in the same LAB
tsaMEROW Routing delay for a row IOE, LE, or EAB driving a row IOE, LE, or EAB in the |(7)
same row
tsamecoLumn | Routing delay for an LE driving an IOE in the same column (7)
tbIFFROW Routing delay for a column IOE, LE, or EAB driving an LE or EAB in a different | (7)
row
trworows Routing delay for a row IOE or EAB driving an LE or EAB in a different row |(7)
t EPERIPH Routing delay for an LE driving a control signal of an IOE via the peripheral |(7)
control bus
t ABCARRY Routing delay for the carry-out signal of an LE driving the carry-in signal of a
different LE in a different LAB
t ABCASC Routing delay for the cascade-out signal of an LE driving the cascade-in
signal of a different LE in a different LAB
Table 37. External Timing Parameters Notes (8), (10)
Symbol Parameter Conditions
tprR Register-to-register delay via four LEs, three row interconnects, and four local | (9)
interconnects
tinsu Setup time with global clock at IOE register
tiNH Hold time with global clock at IOE register
toutco Clock-to-output delay with global clock at IOE register
Table 38. External Bidirectional Timing Parameters  Note (10)
Symbol Parameter Condition
tINSUBIDIR Setup time for bidirectional pins with global clock at adjacent LE register
tINHBIDIR Hold time for bidirectional pins with global clock at adjacent LE register
toutcoriDiR | Clock-to-output delay for bidirectional pins with global clock at IOE register
txzBIDIR Synchronous I0OE output buffer disable delay
tzxBIDIR Synchronous IOE output buffer enable delay, slow slew rate = off
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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 67. EPF10K100 Device EAB Internal Timing Macroparameters  Note (1)

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

teaBAA 13.7 13.7 17.0 ns
teABRCCOMB 13.7 13.7 17.0 ns
lEABRCREG 9.7 9.7 11.9 ns
teABWP 5.8 5.8 7.2 ns
teaBWCCOMB 7.3 7.3 9.0 ns
lEABWCREG 13.0 13.0 16.0 ns
tEABDD 10.0 10.0 12.5 ns
teABDATACO 2.0 2.0 3.4 ns
lEABDATASU 5.3 5.3 5.6 ns
tEABDATAH 0.0 0.0 0.0 ns
tEABWESU 55 55 5.8 ns
te ABWEH 0.0 0.0 0.0 ns
tEABWDSU 5.5 5.5 5.8 ns
tEABWDH 0.0 0.0 0.0 ns
tEABWASU 2.1 2.1 2.7 ns
teABWAH 0.0 0.0 0.0 ns
teaBWO 9.5 9.5 11.8 ns
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Table 79. EPF10K130V Device IOE Timing Microparameters  Note (1)
Symbol -2 Speed Grade -3 Speed Grade -4 Speed Grade Unit
Min Max Min Max Min Max
tiop 1.3 1.6 2.0 ns
tioc 0.4 0.5 0.7 ns
tioco 0.3 0.4 0.5 ns
tiocoms 0.0 0.0 0.0 ns
tiosu 2.6 3.3 3.8 ns
tion 0.0 0.0 0.0 ns
tiocr 1.7 2.2 2.7 ns
top1 35 4.4 5.0 ns
top2 - - - ns
tops 8.2 8.1 9.7 ns
tyz 4.9 6.3 7.4 ns
trx1 4.9 6.3 7.4 ns
tzx2 - - - ns
trxa 9.6 10.0 12.1 ns
tiNREG 7.9 10.0 12.6 ns
tiorFD 6.2 7.9 9.9 ns
tincomB 6.2 7.9 9.9 ns
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Table 82. EPF10K130V Device Interconnect Timing Microparameters  Note (1)

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

toinzioE 8.0 9.0 9.5 ns
IpiNzLE 2.4 3.0 3.1 ns
IpinzDATA 5.0 6.3 7.4 ns
IpcLk210E 3.6 4.6 5.1 ns
tbcLkaLE 2.4 3.0 3.1 ns
tSAMELAB 0.4 0.6 0.8 ns
tsAMEROW 4.5 5.3 6.5 ns
tSAMECOLUMN 9.0 9.5 9.7 ns
tOIFFROW 135 14.8 16.2 ns
trtworows 18.0 20.1 22.7 ns
L EPERIPH 8.1 8.6 9.5 ns
Y ABCARRY 0.6 0.8 1.0 ns
tLaBCASC 0.8 1.0 1.2 ns

Table 83. EPF10K130V Device External Timing Parameters Note (1)

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

Min Max Min Max Min Max
tDrRR 15.0 19.1 24.2 ns
tinsu (2), (3) 6.9 8.6 11.0 ns
tiy (3) 0.0 0.0 0.0 ns
touTco (3) 2.0 7.8 2.0 9.9 2.0 11.3 ns

Table 84. EPF10K130V Device External Bidirectional Timing Parameters  Note (1)

Symbol -2 Speed Grade -3 Speed Grade -4 Speed Grade Unit
Min Max Min Max Min Max
tINSUBIDIR 6.7 8.5 10.8 ns
tINHBIDIR 0.0 0.0 0.0 ns
tOUTCOB|D|R 2.0 6.9 2.0 8.8 2.0 10.2 ns
txzBIDIR 12.9 16.4 19.3 ns
tZXB|D|R 12.9 16.4 19.3 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 92 through 98 show EPF10K30A device internal and external
timing parameters.

Table 92. EPF10K30A Device LE Timing Microparameters Note (1)
Symbol -1 Speed Grade -2 Speed Grade -3 Speed Grade Unit
Min Max Min Max Min Max
tLuT 0.8 1.1 1.5 ns
teLut 0.6 0.7 1.0 ns
trLUT 1.2 15 2.0 ns
tpACKED 0.6 0.6 1.0 ns
ten 1.3 15 2.0 ns
teico 0.2 0.3 0.4 ns
tcceN 0.8 1.0 1.3 ns
tcGENR 0.6 0.8 1.0 ns
tcasc 0.9 1.1 1.4 ns
tc 1.1 1.3 1.7 ns
teo 0.4 0.6 0.7 ns
tcoms 0.6 0.7 0.9 ns
tsy 0.9 0.9 1.4 ns
ty 11 13 17 ns
tpRE 0.5 0.6 0.8 ns
tolr 0.5 0.6 0.8 ns
ten 3.0 35 4.0 ns
teL 3.0 3.5 4.0 ns
Table 93. EPF10K30A 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
top 2.2 2.6 3.4 ns
tioc 0.3 0.3 0.5 ns
tioco 0.2 0.2 0.3 ns
tiocoms 0.5 0.6 0.8 ns
tiosu 1.4 1.7 2.2 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 99 through 105 show EPF10K100A device internal and external
timing parameters.

Table 99. EPF10K100A Device LE Timing Microparameters Note (1)
Symbol -1 Speed Grade -2 Speed Grade -3 Speed Grade Unit
Min Max Min Max Min Max
tLuT 1.0 1.2 1.4 ns
tcrur 0.8 0.9 11 ns
trLUT 1.4 1.6 1.9 ns
tpACKED 0.4 0.5 0.5 ns
ten 0.6 0.7 0.8 ns
tcico 0.2 0.2 0.3 ns
tcaen 0.4 0.4 0.6 ns
tcGENR 0.6 0.7 0.8 ns
tcasc 0.7 0.9 1.0 ns
te 0.9 1.0 1.2 ns
teo 0.2 0.3 0.3 ns
tcoms 0.6 0.7 0.8 ns
tsy 0.8 1.0 1.2 ns
thy 0.3 0.5 0.5 ns
tpRE 0.3 0.3 0.4 ns
tolr 0.3 0.3 0.4 ns
ten 2.5 3.5 4.0 ns
teL 2.5 3.5 4.0 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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Figure 32. lgcactive vs. Operating Frequency (Part 1 of 3)
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