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FLEX 10K Embedded Programmable Logic Device Family Data Sheet

The logic array consists of logic array blocks (LABs). Each LAB contains
eight LEs and a local interconnect. An LE consists of a 4-input look-up
table (LUT), a programmable flipflop, and dedicated signal paths for carry
and cascade functions. The eight LEs can be used to create medium-sized
blocks of logic—8-bit counters, address decoders, or state machines—or
combined across LABs to create larger logic blocks. Each LAB represents
about 96 usable gates of logic.

Signal interconnections within FLEX 10K devices and to and from device
pins are provided by the FastTrack Interconnect, a series of fast,
continuous row and column channels that run the entire length and width
of the device.

EachI/0 pinis fed by anI/0O element (IOE) located at the end of each row
and column of the FastTrack Interconnect. Each IOE contains a
bidirectional I/ O buffer and a flipflop that can be used as either an output
or input register to feed input, output, or bidirectional signals. When used
with a dedicated clock pin, these registers provide exceptional
performance. As inputs, they provide setup times as low as 1.6 ns and
hold times of 0 ns; as outputs, these registers provide clock-to-output
times as low as 5.3 ns. IOEs provide a variety of features, such as JTAG
BST support, slew-rate control, tri-state buffers, and open-drain outputs.

Figure 1 shows a block diagram of the FLEX 10K architecture. Each group
of LEs is combined into an LAB; LABs are arranged into rows and
columns. Each row also contains a single EAB. The LABs and EABs are
interconnected by the FastTrack Interconnect. IOEs are located at the end
of each row and column of the FastTrack Interconnect.
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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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22

During compilation, the Compiler automatically selects the best control
signal implementation. Because the clear and preset functions are active-
low, the Compiler automatically assigns a logic high to an unused clear or
preset.

The clear and preset logic is implemented in one of the following six
modes chosen during design entry:

Asynchronous clear

Asynchronous preset

Asynchronous clear and preset
Asynchronous load with clear
Asynchronous load with preset
Asynchronous load without clear or preset

In addition to the six clear and preset modes, FLEX 10K 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 10 shows examples
of how to enter a section of a design for the desired functionality.
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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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34

Table 10 lists the FLEX 10K row-to-IOE interconnect resources.

Table 10. FLEX 10K Row-to-10E Interconnect Resources

Device Channels per Row (n) Row Channels per Pin (m)
EPF10K10 144 18
EPF10K10A
EPF10K20 144 18
EPF10K30 216 27
EPF10K30A
EPF10K40 216 27
EPF10K50 216 27
EPF10K50V
EPF10K70 312 39
EPF10K100 312 39
EPF10K100A
EPF10K130V 312 39
EPF10K250A 456 57

Column-to-10E Connections

When an IOE is used as an input, it can drive up to two separate column
channels. When an IOE is used as an output, the signal is driven by a
multiplexer that selects a signal from the column channels. Two IOEs
connect to each side of the column channels. Each IOE can be driven by
column channels via a multiplexer. The set of column channels that each

IOE can access is different for each IOE. See Figure 15.
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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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Figure 26. FLEX 10K Device IOE Timing Model
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Figure 27. FLEX 10K Device EAB Timing Model
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Figures 28 shows the timing model for bidirectional I/O pin timing.
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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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Tables 48 through 56 show EPF10K30, EPF10K40, and EPF10K50 device
internal and external timing parameters.

Table 48. EPF10K30, EPF10K40 & EPF10K50 Device LE Timing Microparameters  Note (1)
Symbol -3 Speed Grade -4 Speed Grade Unit
Min Max Min Max
tLut 1.3 1.8 ns
teLut 0.6 0.6 ns
tRLUT 15 2.0 ns
tPACKED 0.5 0.8 ns
ten 0.9 15 ns
teico 0.2 0.4 ns
tcGEN 0.9 1.4 ns
tcGENR 0.9 1.4 ns
tcasc 1.0 12 ns
tc 1.3 1.6 ns
tco 0.9 1.2 ns
tcoms 0.6 0.6 ns
tsu 1.4 1.4 ns
ty 0.9 13 ns
tprRE 0.9 12 ns
teLr 0.9 1.2 ns
tcH 4.0 4.0 ns
teL 4.0 4.0 ns
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Table 49. EPF10K30, EPF10K40 & EPF10K50 Device I0E Timing Microparameters  Note (1)
Symbol -3 Speed Grade -4 Speed Grade Unit
Min Max Min Max

tiop 0.4 0.6 ns
tioc 0.5 0.9 ns
tioco 0.4 0.5 ns
tiocoms 0.0 0.0 ns
tiosu 3.1 3.5 ns
tioH 1.0 1.9 ns
tiocLr 1.0 1.2 ns
top1 3.3 3.6 ns
top2 5.6 6.5 ns
tops 7.0 8.3 ns
txz 5.2 5.5 ns
trx1 5.2 5.5 ns
trx2 7.5 8.4 ns
tzxs 8.9 10.2 ns
tNREG 7.7 10.0 ns
tiorFD 3.3 4.0 ns
tincomB 3.3 4.0 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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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 57 through 63 show EPF10K70 device internal and external timing

parameters.
Table 57. EPF10K70 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 1.5 2.0 ns
teLut 0.4 0.4 0.5 ns
trLUT 1.5 1.6 2.0 ns
tpACKED 0.8 0.9 1.3 ns
ten 0.8 0.9 1.2 ns
tcico 0.2 0.2 0.3 ns
teeEN 1.0 1.1 1.4 ns
tcGENR 11 1.2 15 ns
tcasc 1.0 11 13 ns
te 0.7 0.8 1.0 ns
tco 0.9 1.0 1.4 ns
tcoms 0.4 0.5 0.7 ns
tsy 1.9 2.1 2.6 ns
ty 2.1 2.3 3.1 ns
tpRE 0.9 1.0 14 ns
telr 0.9 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 59. EPF10K70 Device EAB Internal Microparameters  Note (1)
Symbol -2 Speed Grade -3 Speed Grade -4 Speed Grade Unit
Min Max Min Max Min Max
tEABDATAL 1.3 15 1.9 ns
tEABDATA2 4.3 4.8 6.0 ns
tEABWEL 0.9 1.0 1.2 ns
tEABWE2 45 5.0 6.2 ns
teABCLK 0.9 1.0 2.2 ns
teaBCO 0.4 0.5 0.6 ns
tEABBYPASS 1.3 1.5 1.9 ns
teaBsU 1.3 1.5 1.8 ns
teasH 1.8 2.0 2.5 ns
tan 7.8 8.7 10.7 ns
twp 5.2 5.8 7.2 ns
twosu 1.4 1.6 2.0 ns
twon 0.3 0.3 0.4 ns
twasu 0.4 0.5 0.6 ns
twan 0.9 1.0 1.2 ns
two 4.5 5.0 6.2 ns
top 45 5.0 6.2 ns
teaBOUT 0.4 0.5 0.6 ns
teABCH 4.0 4.0 4.0 ns
teaBCL 5.2 5.8 7.2 ns
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Table 60. EPF10K70 Device EAB Internal Timing Macroparameters  Note (1)
Symbol -2 Speed Grade -3 Speed Grade -4 Speed Grade Unit
Min Max Min Max Min Max

teABAA 12.1 13.7 17.0 ns
teABRCCOMB 12.1 13.7 17.0 ns
tEABRCREG 8.6 9.7 11.9 ns
teaBwP 5.2 5.8 7.2 ns
teaBWCCOMB 6.5 7.3 9.0 ns
tEABWCREG 11.6 13.0 16.0 ns
teABDD 8.8 10.0 12.5 ns
tEABDATACO 17 2.0 34 ns
tEABDATASU 4.7 5.3 5.6 ns
tEABDATAH 0.0 0.0 0.0 ns
teABWESU 4.9 5.5 5.8 ns
tEABWEH 0.0 0.0 0.0 ns
teABWDSU 1.8 2.1 2.7 ns
teABWDH 0.0 0.0 0.0 ns
teABWASU 41 4.7 5.8 ns
tEABWAH 0.0 0.0 0.0 ns
teaBWO 8.4 9.5 11.8 ns
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Table 66. EPF10K100 Device EAB Internal Microparameters ~ Note (1)
Symbol -3DX Speed Grade -3 Speed Grade -4 Speed Grade Unit
Min Max Min Max Min Max

teABDATAL 1.5 1.5 1.9 ns
teABDATA2 4.8 48 6.0 ns
tEABWEL 1.0 1.0 1.2 ns
teaABWE2 5.0 5.0 6.2 ns
teaBCLK 1.0 1.0 2.2 ns
teaBCO 0.5 05 0.6 ns
tEABBYPASS 15 1.5 1.9 ns
teasU 1.5 1.5 1.8 ns
teagH 2.0 2.0 2.5 ns
tan 8.7 8.7 10.7 ns
twp 5.8 5.8 7.2 ns
twosu 1.6 1.6 2.0 ns
tWwbH 0.3 0.3 0.4 ns
twasu 0.5 0.5 0.6 ns
twan 1.0 1.0 1.2 ns
two 5.0 5.0 6.2 ns
top 5.0 5.0 6.2 ns
teaBOUT 0.5 05 0.6 ns
teaBCH 4.0 4.0 4.0 ns
teaBCL 5.8 5.8 7.2 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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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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Table 95. EPF10K30A 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 9.7 11.6 16.2 ns
teABRCCOMB 9.7 11.6 16.2 ns
lEABRCREG 5.9 7.1 9.7 ns
teaBWP 3.8 45 5.9 ns
teABwccomB 4.0 4.7 6.3 ns
lEABWCREG 9.8 11.6 16.6 ns
teABDD 9.2 11.0 16.1 ns
tEABDATACO 1.7 21 3.4 ns
lEABDATASU 2.3 2.7 3.5 ns
tEABDATAH 0.0 0.0 0.0 ns
tEABWESU 3.3 3.9 4.9 ns
teABWEN 0.0 0.0 0.0 ns
lEABWDSU 3.2 3.8 5.0 ns
tEABWDH 0.0 0.0 0.0 ns
tEABWASU 3.7 4.4 5.1 ns
tEABWAH 0.0 0.0 0.0 ns
tEABWO 6.1 7.3 11.3 ns

Altera Corporation 107



FLEX 10K Embedded Programmable Logic Device Family Data Sheet

Table 103. EPF10K100A Device Interconnect Timing Microparameters  Noie (1)
Symbol -1 Speed Grade -2 Speed Grade -3 Speed Grade Unit
Min Max Min Max Min Max
toiN2IOE 4.8 5.4 6.0 ns
tDIN2LE 2.0 2.4 2.7 ns
{DIN2DATA 2.4 2.7 2.9 ns
tbcLk210E 2.6 3.0 35 ns
tbcLkeoLE 2.0 2.4 2.7 ns
{sAMELAB 0.1 0.1 0.1 ns
tsAMEROW 15 1.7 1.9 ns
tsamMECOLUMN 5.5 6.5 7.4 ns
IbiIFFROW 7.0 8.2 9.3 ns
trworows 8.5 9.9 11.2 ns
Y EPERIPH 3.9 4.2 45 ns
YL ABCARRY 0.2 0.2 0.3 ns
fLaBCASC 0.4 0.5 0.6 ns
Table 104. EPF10K100A Device External Timing Parameters  Note (1)
Symbol -1 Speed Grade -2 Speed Grade -3 Speed Grade Unit
Min Max Min Max Min Max
tbRR 12.5 14.5 17.0 ns
tinsu (2), (3) 3.7 45 5.1 ns
tin (3) 0.0 0.0 0.0 ns
toutco (3) 2.0 5.3 2.0 6.1 2.0 7.2 ns
Table 105. EPF10K100A Device External Bidirectional Timing Parameters  Note (1)
Symbol -1 Speed Grade -2 Speed Grade -3 Speed Grade Unit
Min Max Min Max Min Max
tiINSUBIDIR 4.9 5.8 6.8 ns
tINHBIDIR 0.0 0.0 0.0 ns
tOUTCOB|D|R 2.0 53 2.0 6.1 2.0 7.2 ns
tXZBIDIR 7.4 8.6 10.1 ns
tzxBIDIR 7.4 8.6 10.1 ns
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Figure 32. lgcactive vs. Operating Frequency (Part 1 of 3)
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