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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 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 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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For improved routing, the row interconnectis comprised 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 7 summarizes the FastTrack Interconnect resources available in
each FLEX 10K device.

Table 7. FLEX 10K FastTrack Interconnect Resources

Device Rows Channels per Columns Channels per
Row Column

EPF10K10 3 144 24 24
EPF10K10A

EPF10K20 6 144 24 24
EPF10K30 6 216 36 24
EPF10K30A

EPF10K40 8 216 36 24
EPF10K50 10 216 36 24
EPF10K50V

EPF10K70 9 312 52 24
EPF10K100 12 312 52 24
EPF10K100A

EPF10K130V 16 312 52 32
EPF10K250A 20 456 76 40

In addition to general-purpose I/O pins, FLEX 10K 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.
However, the use of dedicated inputs as data inputs can introduce
additional delay into the control signal network.
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Table 15. 32-Bit FLEX 10K Device IDCODE  Note (1)
Device IDCODE (32 Bits)
Version Part Number Manufacturer’s Identity | 1 (1 Bit)
(4 Bits) (16 Bits) (11 Bits) 2)
EPF10K10, EPF10K10A 0000 | 0001 0000 0001 0000 00001101110 1
EPF10K20 0000 | 0001 0000 0010 0000 00001101110 1
EPF10K30, EPF10K30A 0000 | 0001 0000 0011 0000 00001101110 1
EPF10K40 0000 | 0001 0000 0100 0000 00001101110 1
EPF10K50, EPF10K50V 0000 | 0001 0000 0101 0000 00001101110 1
EPF10K70 0000 | 0001 0000 0111 0000 00001101110 1
EPF10K100, EPF10K100A 0000 | 0000 0001 0000 0000 00001101110 1
EPF10K130V 0000 | 0000 0001 0011 0000 00001101110 1
EPF10K250A 0000 | 0000 0010 0101 0000 00001101110 1

Notes:
(1)  The most significant bit (MSB) is on the left.
(2) The least significant bit (LSB) for all JTAG IDCODEs is 1.

FLEX 10K devices include weak pull-ups on JTAG pins.

For more information, see the following documents:
a P

m  Application Note 39 (IEEE 1149.1 (JTAG) Boundary-Scan Testing in
Altera Devices)

m  BitBlaster Serial Download Cable Data Sheet

m  ByteBlasterMV Parallel Port Download Cable Data Sheet

m  Jam Programming & Test Language Specification
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Table 27. FLEX 10KA 3.3-V Device Recommended Operating Conditions

Symbol Parameter Conditions Min Max Unit
Veaint | Supply voltage for internal logic | (3), (4) 3.00 (3.00) | 3.60(3.60) | V
and input buffers
Veeio | Supply voltage for output 3), (4) 3.00 (3.00) | 3.60 (3.60) \Y
buffers, 3.3-V operation
Supply voltage for output 3), (4) 2.30 (2.30) | 2.70 (2.70) | V
buffers, 2.5-V operation
\Z Input voltage (5) -0.5 5.75 \%
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 45. EPF10K10 & EPF10K20 Device External Timing Parameters  Nofe (1)

Symbol -3 Speed Grade -4 Speed Grade Unit

Min Max Min Max
torR 16.1 20.0 ns
tinsu (2), (3) 55 6.0 ns
tinn (3) 0.0 0.0 ns
tOUTCO (3) 2.0 6.7 2.0 8.4 ns

Table 46. EPF10K10 Device External Bidirectional Timing Parameters  Note (1)

Symbol -3 Speed Grade -4 Speed Grade Unit

Min Max Min Max
{iNSUBIDIR 45 5.6 ns
tINHBIDIR 0.0 0.0 ns
touTcoBIDIR 2.0 6.7 2.0 8.4 ns
txzBIDIR 10.5 13.4 ns
tzxBIDIR 10.5 13.4 ns

Table 47. EPF10K20 Device External Bidirectional Timing Parameters  Note (1)

Symbol -3 Speed Grade -4 Speed Grade Unit

Min Max Min Max
tiNSUBIDIR 4.6 5.7 ns
tINHBIDIR 0.0 0.0 ns
touTtcoBIDIR 2.0 6.7 2.0 8.4 ns
txzBIDIR 10.5 134 ns
tzxBIDIR 10.5 134 ns

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.

(8)  This parameter is specified by characterization.
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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 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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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 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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Table 61. EPF10K70 Device Interconnect Timing Microparameters  Note (1)
Symbol -2 Speed Grade -3 Speed Grade -4 Speed Grade Unit
Min Max Min Max Min Max
tDIN2IOE 6.6 7.3 8.8 ns
{pIN2LE 4.2 4.8 6.0 ns
{pIN2DATA 6.5 7.1 10.8 ns
tbcLk210E 55 6.2 7.7 ns
tbeLkeLE 4.2 4.8 6.0 ns
{SAMELAB 0.4 0.4 0.5 ns
tsAMEROW 4.8 49 55 ns
{SAMECOLUMN 3.3 3.4 3.7 ns
{pIFFROW 8.1 8.3 9.2 ns
trtworows 12.9 13.2 14.7 ns
Y EPERIPH 55 5.7 6.5 ns
{ ABCARRY 0.8 0.9 1.1 ns
tLaBcASC 2.7 3.0 3.2 ns
Table 62. EPF10K70 Device External Timing Parameters  Note (1)
Symbol -2 Speed Grade -3 Speed Grade -4 Speed Grade Unit
Min Max Min Max Min Max
tDrRR 17.2 19.1 24.2 ns
tinsu (2), (3) 6.6 7.3 8.0 ns
tiy (3) 0.0 0.0 0.0 ns
toutco (3) 2.0 9.9 2.0 11.1 2.0 14.3 ns
Table 63. EPF10K70 Device External Bidirectional Timing Parameters  Note (1)
Symbol -2 Speed Grade -3 Speed Grade -4 Speed Grade Unit
Min Max Min Max Min Max
tiINSUBIDIR 7.4 8.1 10.4 ns
tINHBIDIR 0.0 0.0 0.0 ns
touTCOBIDIR 2.0 9.9 2.0 11.1 2.0 14.3 ns
tyzBIDIR 13.7 15.4 18.5 ns
tzxBIDIR 13.7 15.4 18.5 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 81. EPF10K130V 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 11.2 14.2 14.2 ns
teABRCCOMB 11.1 14.2 14.2 ns
lEABRCREG 8.5 10.8 10.8 ns
teaBWP 3.7 4.7 4.7 ns
teaBwCCOMB 7.6 9.7 9.7 ns
lEABWCREG 14.0 17.8 17.8 ns
tEABDD 11.1 14.2 14.2 ns
tEABDATACO 3.6 4.6 4.6 ns
lEABDATASU 4.4 5.6 5.6 ns
tEABDATAH 0.0 0.0 0.0 ns
tEABWESU 4.4 5.6 5.6 ns
te ABWEN 0.0 0.0 0.0 ns
teABWDSU 4.6 5.9 5.9 ns
tEABWDH 0.0 0.0 0.0 ns
tEABWASU 3.9 5.0 5.0 ns
tEABWAH 0.0 0.0 0.0 ns
teaBWO 11.1 14.2 14.2 ns
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Table 93. EPF10K30A Device IOE Timing Microparameters  Note (1) (Part 2 of 2)

Symbol -1 Speed Grade -2 Speed Grade -3 Speed Grade Unit
Min Max Min Max Min Max
tion 0.9 11 14 ns
tioclr 0.7 0.8 1.0 ns
top1 1.9 2.2 2.9 ns
top2 48 5.6 7.3 ns
tops 7.0 8.2 10.8 ns
tyz 2.2 2.6 34 ns
trx1 2.2 2.6 3.4 ns
trxo 5.1 6.0 7.8 ns
trxa 7.3 8.6 11.3 ns
tNREG 4.4 5.2 6.8 ns
tiorp 38 45 5.9 ns
tiNcOMB 3.8 45 5.9 ns
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Table 96. EPF10K30A Device Interconnect Timing Microparameters  Note (1)

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

toinzioE 3.9 4.4 5.1 ns
IpiNzLE 1.2 15 1.9 ns
tpinzDATA 3.2 3.6 45 ns
IbcLk210E 3.0 35 4.6 ns
tbcLkaLE 1.2 1.5 1.9 ns
tSAMELAB 0.1 0.1 0.2 ns
tsAMEROW 2.3 2.4 2.7 ns
tSAMECOLUMN 13 14 1.9 ns
IpIFFROW 3.6 3.8 4.6 ns
trworows 5.9 6.2 7.3 ns
t EPERIPH 3.5 3.8 4.1 ns
Y ABCARRY 0.3 0.4 0.5 ns
taBcAsC 0.9 1.1 1.4 ns

Table 97. EPF10K30A External Reference Timing Parameters  Note (1)

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

Min Max Min Max Min Max
tDrRR 11.0 13.0 17.0 ns
tinsu (2), (3) 2.5 3.1 3.9 ns
tine (3) 0.0 0.0 0.0 ns
touTco (3) 2.0 5.4 2.0 6.2 2.0 8.3 ns

Table 98. EPF10K30A 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 4.2 4.9 6.8 ns
tiNHBIDIR 0.0 0.0 0.0 ns
tOUTCOB|D|R 2.0 5.4 2.0 6.2 2.0 8.3 ns
txzBIDIR 6.2 75 9.8 ns
tzxBIDIR 6.2 75 9.8 ns

108 Altera Corporation



FLEX 10K Embedded Programmable Logic Device Family Data Sheet

Table 101. EPF10K100A Device EAB Internal Microparameters  Notfe (1)
Symbol -1 Speed Grade -2 Speed Grade -3 Speed Grade Unit
Min Max Min Max Min Max
teABDATAL 1.8 2.1 2.4 ns
tEABDATA2 3.2 3.7 4.4 ns
tEABWEL 0.8 0.9 11 ns
teABWE? 2.3 2.7 31 ns
teaABCLK 0.8 0.9 1.1 ns
teaBCO 1.0 11 14 ns
tEABBYPASS 0.3 0.3 0.4 ns
teasU 1.3 1.5 1.8 ns
teagH 0.4 05 0.5 ns
tan 4.1 4.8 5.6 ns
twp 3.2 37 4.4 ns
twosu 2.4 2.8 3.3 ns
tWwDH 0.2 0.2 0.3 ns
twasu 0.2 0.2 0.3 ns
twan 0.0 0.0 0.0 ns
two 3.4 3.9 4.6 ns
top 3.4 3.9 4.6 ns
teaBOUT 0.3 03 0.4 ns
teaBCH 2.5 35 4.0 ns
teaBCL 3.2 3.7 4.4 ns
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Table 108. EPF10K250A Device EAB Internal Microparameters  Note (1)

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

teABDATAL 1.3 15 1.7 ns
tEABDATA2 1.3 15 1.7 ns
tEABWEL 0.9 1.1 1.3 ns
teaABWE2 5.0 57 6.7 ns
teABCLK 0.6 0.7 0.8 ns
teaBCO 0.0 0.0 0.0 ns
{EABBYPASS 0.1 0.1 0.2 ns
teABSU 3.8 4.3 5.0 ns
teaBH 0.7 0.8 0.9 ns
tan 4.5 5.0 5.9 ns
twp 5.6 6.4 75 ns
twpsu 1.3 1.4 1.7 ns
twDH 0.1 0.1 0.2 ns
twasU 0.1 0.1 0.2 ns
twan 0.1 0.1 0.2 ns
two 4.1 4.6 55 ns
top 4.1 4.6 55 ns
teaBOUT 0.1 0.1 0.2 ns
teaBCH 25 3.0 3.5 ns
teaBCL 5.6 6.4 7.5 ns
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fvax = Maximum operating frequency in MHz

N = Total number of logic cells used in the device

togrc = Average percent of logic cells toggling at each clock
(typically 12.5%)

K = Constant, shown in Tables 114 and 115

Table 114. FLEX 10K K Constant Values

Device K Value
EPF10K10 82
EPF10K20 89
EPF10K30 88
EPF10K40 92
EPF10K50 95
EPF10K70 85
EPF10K100 88

Table 115. FLEX 10KA K Constant Values

Device K Value
EPF10K10A 17
EPF10K30A 17
EPF10K50V 19
EPF10K100A 19
EPF10K130V 22
EPF10K250A 23

This calculation provides an I estimate based on typical conditions with
no output load. The actual I 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 FLEX
devices assumes that logic cells drive FastTrack Interconnect channels. In
contrast, the power model of segmented FPGAs assumes that all logic
cells drive only one short interconnect segment. This assumption may
lead to inaccurate results, compared to measured power consumption for
an actual design in a segmented interconnect FPGA.

Figure 32 shows the relationship between the current and operating
frequency of FLEX 10K devices.
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