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FLEX 10K Embedded Programmable Logic Device Family Data Sheet

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 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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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 9. FLEX 10K LE Operating Modes
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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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Figure 11. LAB Connections to Row & Column Interconnect
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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
46 Altera Corporation
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Table 24. EPF10K50V & EPF10K130V Device DC Operating Conditions

Notes (6), (7)

Symbol Parameter Conditions Min Typ Max Unit
ViH High-level input voltage 2.0 5.75 \%
VL Low-level input voltage -0.5 0.8 \%
Von 3.3-V high-level TTL output lon =—-8 mA DC (8) 2.4 \Y
voltage
3.3-V high-level CMOS output |lgy =-0.1 mA DC (8) Veceio—0.2 \Y
voltage
VoL 3.3-V low-level TTL output loL =8 mADC (9) 0.45 \Y
voltage
3.3-V low-level CMOS output  [I5, =0.1 mA DC (9) 0.2 \%
voltage
I Input pin leakage current V,=5.3V1t0-0.3V (10) -10 10 HA
loz Tri-stated /O pin leakage Vo =5.3V1to-0.3V (10) -10 10 HA
current
lcco Vcc supply current (standby) |V, = ground, no load 0.3 10 mA
V| =ground, no load (11) 10 mA
Table 25. EPF10K50V & EPF10K130V Device Capacitance (12)
Symbol Parameter Conditions Min Max Unit
Cin Input capacitance Vin=0V,f=1.0MHz 10 pF
CincLk | Input capacitance on dedicated |V, =0V, f=1.0 MHz 15 pF
clock pin
Cout |Output capacitance Voutr =0V, f=1.0 MHz 10 pF

Notes to tables:
(1)  See the Operating Requirements for Altera Devices Data Sheet.
(2)  Minimum DC inputvoltage is -0.5 V. During transitions, the inputs may undershoot to -2.0 V or overshoot to 5.75 V
for input currents less than 100 mA and periods shorter than 20 ns.
(8) Numbers in parentheses are for industrial-temperature-range devices.
(4) Maximum V¢ rise time is 100 ms. V¢ must rise monotonically.
(5) EPF10K50V and EPF10K130V device inputs may be driven before V eyt and Vo are powered.
(6) Typical values are for Ty =25°Cand V- =3.3 V.
(7)  These values are specified under the EPF10K50V and EPF10K130V device Recommended Operating Conditions in
Table 23 on page 48.
(8) The Ioy parameter refers to high-level TTL or CMOS output current.
(9) The Igp, parameter refers to low-level TTL or CMOS output current. This parameter applies to open-drain pins as
well as output pins.

(10) This value is specified for normal device operation. The value may vary during power-up.

(11) This parameter applies to -1 speed grade EPF10K50V devices, -2 speed grade EPF10K50V industrial temperature
devices, and -2 speed grade EPF10K130V devices.
(12) Capacitance is sample-tested only.

Altera Corporation
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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 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 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 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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Table 75. EPF10K50V Device Interconnect 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

tbin2IoE 4.7 6.0 7.1 8.2 ns
toiNzLE 2.5 2.6 3.1 3.9 ns
tbin2DATA 4.4 5.9 6.8 7.7 ns
tbcLk210E 2.5 3.9 4.7 55 ns
tbcLkaLE 2.5 2.6 3.1 3.9 ns
tSAMELAB 0.2 0.2 0.3 0.3 ns
tsAMEROW 2.8 3.0 3.2 3.4 ns
ISAMECOLUMN 3.0 3.2 3.4 3.6 ns
IpiFFROW 5.8 6.2 6.6 7.0 ns
trworows 8.6 9.2 9.8 10.4 ns
Y EPERIPH 4.5 5.5 6.1 7.0 ns
tLABCARRY 03 0.4 0.5 0.7 ns
t ABCASC 0.0 1.3 1.6 2.0 ns

Table 76. EPF10K50V Device External Timing Parameters  Note (1)

Symbol -1 Speed Grade -2 Speed Grade -3 Speed Grade -4 Speed Grade Unit
Min Max Min Max Min Max Min Max

torRR 11.2 14.0 17.2 21.1 ns

tinsu (2), (3) 5.5 4.2 5.2 6.9 ns

tinn (3) 0.0 0.0 0.0 0.0 ns

toutco (3) 2.0 5.9 2.0 7.8 2.0 9.5 2.0 11.1 ns

Table 77. EPF10K50V Device External Bidirectional Timing Parameters  Note (1)

Symbol -1 Speed Grade -2 Speed Grade -3 Speed Grade -4 Speed Grade Unit
Min Max Min Max Min Max Min Max

tINSUBIDIR 2.0 2.8 3.5 4.1 ns

tiNHBIDIR 0.0 0.0 0.0 0.0 ns

tOUTCOB|D|R 2.0 5.9 2.0 7.8 2.0 9.5 2.0 11.1 ns

txzBIDIR 8.0 9.8 11.8 14.3 ns

tZXB|D|R 8.0 9.8 11.8 14.3 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 109. EPF10K250A 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 6.1 6.8 8.2 ns
teABRCCOMB 6.1 6.8 8.2 ns
lEABRCREG 4.6 5.1 6.1 ns
teaBWP 5.6 6.4 7.5 ns
teaBwccomB 5.8 6.6 7.9 ns
tEABWCREG 15.8 17.8 21.0 ns
teABDD 5.7 6.4 7.8 ns
tEABDATACO 0.7 0.8 1.0 ns
lEABDATASU 4.5 5.1 5.9 ns
tEABDATAH 0.0 0.0 0.0 ns
tEABWESU 8.2 9.3 10.9 ns
teABWEN 0.0 0.0 0.0 ns
tEABWDSU 1.7 1.8 2.1 ns
tEABWDH 0.0 0.0 0.0 ns
teaBWASU 0.9 0.9 1.0 ns
tEABWAH 0.0 0.0 0.0 ns
tEABWO 5.3 6.0 7.4 ns
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Table 113. ClockLock & ClockBoost Parameters  (Part 2 of 2)
Symbol Parameter Min | Typ | Max | Unit
fcLkpeve | Input deviation from user specification in MAX+PLUS II (ClockBoost clock +1 MHz
multiplication factor equals 1) (1)
fcLkpevz | Input deviation from user specification in MAX+PLUS I (ClockBoost clock 0.5 MHz
multiplication factor equals 2) (1)
tincLksTs | Input clock stability (measured between adjacent clocks) 100 ps
tLock Time required for ClockLock or ClockBoost to acquire lock (2) 10 Us
tyTTER Jitter on ClockLock or ClockBoost-generated clock (3) 1 ns
toutpuTy | Duty cycle for ClockLock or ClockBoost-generated clock 40 50 60 %
Notes:

(1) Toimplement the ClockLock and ClockBoost circuitry with the MAX+PLUS II software, designers must specify the
input frequency. The MAX+PLUS II software tunes the PLL in the ClockLock and ClockBoost circuitry to this
frequency. The fc kppy parameter specifies how much the incoming clock can differ from the specified frequency
during device operation. Simulation does not reflect this parameter.

(2) During device configuration, the ClockLock and ClockBoost circuitry is configured before the rest of the device. If
the incoming clock is supplied during configuration, the ClockLock and ClockBoost circuitry locks during
configuration, because the t; 5k value is less than the time required for configuration.

(3)  The tyrreg specification is measured under long-term observation.

Power
Consumption

120

The supply power (P) for FLEX 10K devices can be calculated with the
following equation:

P =Pyt + Pio= (Iccstanpay * lccactive) X Vee + Pio

Typical IccsTanDBY Values are shown as I in the FLEX 10K device DC
operating conditions tables on pages 46, 49, and 52 of this data sheet. The
IccacTive value depends on the switching frequency and the application
logic. This value is calculated based on the amount of current that each LE
typically consumes. The P value, which depends on the device output

load characteristics and switching frequency, can be calculated using the
guidelines given in Application Note 74 (Evaluating Power for Altera Devices).

Il=~  Compared to the rest of the device, the embedded array
consumes a negligible amount of power. Therefore, the
embedded array can be ignored when calculating supply
current.

The IccacTrive Value is calculated with the following equation:
I =Kxf x N x togy ¢ % __HA__
CCACTIVE MAX LC* MAzZxLE

The parameters in this equation are shown below:
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Figure 32. Igcactive vS- Operating Frequency (Part 2 of 3)
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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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