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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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Figure 11. LAB Connections to Row & Column Interconnect
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Each IOE selects the clock, clear, clock enable, and output enable controls
from a network of I/O control signals called the peripheral control bus.
The peripheral control bus uses high-speed drivers to minimize signal
skew across devices; it provides up to 12 peripheral control signals that
can be allocated as follows:

Up to eight output enable signals
Up to six clock enable signals

Up to two clock signals

Up to two clear signals

If more than six clock enable or eight output enable signals are required,
each IOE on the device can be controlled by clock enable and output
enable signals driven by specific LEs. In addition to the two clock signals
available on the peripheral control bus, each IOE can use one of two
dedicated clock pins. Each peripheral control signal can be driven by any
of the dedicated input pins or the first LE of each LAB in a particular row.
In addition, an LE in a different row can drive a column interconnect,
which causes a row interconnect to drive the peripheral control signal.
The chip-wide reset signal will reset all IOE registers, overriding any other
control signals.

Tables 8 and 9 list the sources for each peripheral control signal, and the
rows that can drive global signals. These tables also show how the output
enable, clock enable, clock, and clear signals share 12 peripheral control
signals.
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Figure 15. FLEX 10K Column-to-10E Connections

The values for m and n are provided in Table 11.
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Each IOE can drive up to
two column channels.

Table 11 lists the FLEX 10K column-to-IOE interconnect resources.

Table 11. FLEX 10K Column-to-10E Interconnect Resources

Device Channels per Column (n) | Column Channel per Pin (m)
EPF10K10 24 16
EPF10K10A
EPF10K20 24 16
EPF10K30 24 16
EPF10K30A
EPF10K40 24 16
EPF10K50 24 16
EPF10K50V
EPF10K70 24 16
EPF10K100 24 16
EPF10K100A
EPF10K130V 32 24
EPF10K250A 40 32
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Slew-Rate Control

The output buffer in each IOE has an adjustable output slew rate that can
be configured for low-noise or high-speed performance. A slower slew
rate reduces system noise and adds a maximum delay of approximately
2.9 ns. The fast slew rate should be used for speed-critical outputs in
systems that are adequately protected against noise. Designers can specify
the slew rate on a pin-by-pin basis during design entry or assign a default
slew rate to all pins on a device-wide basis. The slow slew rate setting
affects only the falling edge of the output.

Open-Drain Output Option

FLEX 10K devices provide an optional open-drain (electrically equivalent
to an open-collector) output for each I/O pin. This open-drain output
enables the device to provide system-level control signals (e.g., interrupt
and write enable signals) that can be asserted by any of several devices. It
can also provide an additional wired-OR plane. Additionally, the Altera
software can convert tri-state buffers with grounded data inputs to open-
drain pins automatically.

Open-drain output pins on FLEX 10K devices (with a pull-up resistor to
the 5.0-V supply) can drive 5.0-V CMOS input pins that require a Vi of
3.5 V. When the open-drain pin is active, it will drive low. When the pin is
inactive, the trace will be pulled up to 5.0 V by the resistor. The open-drain
pin will only drive low or tri-state; it will never drive high. The rise time
is dependent on the value of the pull-up resistor and load impedance. The
Iop current specification should be considered when selecting a pull-up
resistor.

Output pins on 5.0-V FLEX 10K devices with Vo =3.3 V or 5.0 V (with
a pull-up resistor to the 5.0-V supply) can also drive 5.0-V CMOS input
pins. In this case, the pull-up transistor will turn off when the pin voltage
exceeds 3.3 V. Therefore, the pin does not have to be open-drain.

MultiVolt I/0 Interface

The FLEX 10K device architecture supports the MultiVolt I/O interface
feature, which allows FLEX 10K devices to interface with systems of
differing supply voltages. These devices have one set of V¢ pins for
internal operation and input buffers (VCCl NT) and another set for I/O
output drivers (VCCl O).
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Table 13. FLEX 10K JTAG Instructions

JTAG Instruction

Description

SAMPLE/PRELOAD | Allows a snapshot of signals at the device pins to be captured and examined during
normal device operation, and permits an initial data pattern output at the device pins.

EXTEST Allows the external circuitry and board-level interconnections to be tested by forcing a
test pattern at the output pins and capturing test results at the input pins.

BYPASS Places the 1-bit bypass register between the TDI and TDO pins, which allows the BST
data to pass synchronously through a selected device to adjacent devices during normal
device operation.

USERCODE Selects the user electronic signature (USERCODE) register and places it between the
TDI and TDO pins, allowing the USERCODE to be serially shifted out of TDO.

IDCODE Selects the IDCODE register and places it between TDI and TDQ, allowing the IDCODE

to be serially shifted out of TDO.

ICR Instructions

These instructions are used when configuring a FLEX 10K device via JTAG ports with a
BitBlaster, or ByteBlasterMV or MasterBlaster download cable, or using a Jam File
(.jam) or Jam Byte-Code File (.jbc) via an embedded processor.

Altera Corporation

The instruction register length of FLEX 10K devices is 10 bits. The
USERCODE register length in FLEX 10K devices is 32 bits; 7 bits are
determined by the user, and 25 bits are predetermined. Tables 14 and 15
show the boundary-scan register length and device IDCODE information
for FLEX 10K devices.

Table 14. FLEX 10K Boundary-Scan Register Length
Device Boundary-Scan
Register Length
EPF10K10, EPF10K10A 480
EPF10K20 624
EPF10K30, EPF10K30A 768
EPF10K40 864
EPF10K50, EPF10K50V 960
EPF10K70 1,104
EPF10K100, EPF10K100A 1,248
EPF10K130V 1,440
EPF10K250A 1,440
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Figure 18 shows the timing requirements for the JTAG signals.

Figure 18. JTAG Waveforms
T™S X X X X

ticp
1 jcH—>ie—t oL —» HtJPSU%‘—’gtJPH
TCK |—
tpzxie— tipco i+ % Lopxz
TDO —( X
. tissu i tish,
Signal I S : :
to Be X X X X
Captured D ' : [N
Sl Uyszxie—r tyscoe— Usxz:
igna ; ; i
to Be ( X
Driven '

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 22 shows the typical output drive characteristics of EPF10K10A,
EPF10K30A, EPF10K100A, and EPF10K250A devices with 3.3-V and 2.5-V
Vccio- The output driver is compliant with the 3.3-V PCI Local Bus
Specification, Revision 2.2 (with 3.3-V V ¢jp). Moreover, device analysis
shows that the EPF10K10A, EPF10K30A, and EPF 10K100A devices can
drive a 5.0-V PCI bus with eight or fewer loads.

Figure 22. Output Drive Characteristics for EPF10K10A, EPF10K30A & EPF10K100A Devices
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Figure 23 shows the typical output drive characteristics of the
EPF10K250A device with 3.3-V and 2.5-V V¢cio.
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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 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 40. EPF10K10 & EPF10K20 Device I0E Timing Microparameters ~ Note (1)
Symbol -3 Speed Grade -4 Speed Grade Unit
Min Max Min Max
tiop 1.3 1.6 ns
tioc 0.5 0.7 ns
tioco 0.2 0.2 ns
tiocoms 0.0 0.0 ns
tiosu 2.8 3.2 ns
tioH 1.0 1.2 ns
tiocLr 1.0 1.2 ns
top1 2.6 3.5 ns
top2 4.9 6.4 ns
tops 6.3 8.2 ns
txz 4.5 5.4 ns
trx1 4.5 5.4 ns
tzxo 6.8 8.3 ns
tzxs 8.2 10.1 ns
tNREG 6.0 7.5 ns
tiorFD 3.1 35 ns
tincomB 3.1 3.5 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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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 85 through 91 show EPF10K10A device internal and external
timing parameters.

Table 85. EPF10K10A Device LE Timing Microparameters Note (1)
Symbol -1 Speed Grade -2 Speed Grade -3 Speed Grade Unit
Min Max Min Max Min Max
tLuT 0.9 1.2 1.6 ns
toLut 12 14 1.9 ns
trLUT 1.9 2.3 3.0 ns
tpACKED 0.6 0.7 0.9 ns
ten 0.5 0.6 0.8 ns
tcico 02 0.3 0.4 ns
tcaen 0.7 0.9 1.1 ns
tcGENR 0.7 0.9 11 ns
tcasc 1.0 1.2 1.7 ns
te 1.2 1.4 1.9 ns
tco 0.5 0.6 0.8 ns
tcoms 0.5 0.6 0.8 ns
tsy 1.1 1.3 1.7 ns
ty 0.6 0.7 0.9 ns
tprRE 0.5 0.6 0.9 ns
tolr 0.5 0.6 0.9 ns
ten 3.0 3.5 4.0 ns
toL 3.0 3.5 4.0 ns
Table 86. EPF10K10A 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

1.3 15 2.0 ns
toc 0.2 0.3 0.3 ns
tioco 0.2 0.3 0.4 ns
tiocome 0.6 0.7 0.9 ns
tiosu 0.8 1.0 1.3 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
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Table 102. EPF10K100A 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 6.8 7.8 9.2 ns
teABRCCOMB 6.8 7.8 9.2 ns
tEABRCREG 5.4 6.2 7.4 ns
teaBwP 3.2 3.7 4.4 ns
teaBWCCOMB 3.4 3.9 47 ns
{EABWCREG 9.4 10.8 12.8 ns
tEABDD 6.1 6.9 8.2 ns
teABDATACO 2.1 2.3 2.9 ns
{EABDATASU 3.7 4.3 5.1 ns
tEABDATAH 0.0 0.0 0.0 ns
tEABWESU 2.8 3.3 3.8 ns
teABWEN 0.0 0.0 0.0 ns
tEABWDSU 3.4 4.0 4.6 ns
tEABWDH 0.0 0.0 0.0 ns
tEABWASU 1.9 2.3 2.6 ns
tEABWAH 0.0 0.0 0.0 ns
tEABWO 5.1 5.7 6.9 ns
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Table 110. EPF10K250A Device Interconnect Timing Microparameters  Note (1)

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

toinzioE 7.8 8.5 9.4 ns
IpiN2LE 2.7 3.1 35 ns
{pIN2DATA 1.6 1.6 1.7 ns
IbcLk210E 3.6 4.0 46 ns
tbcLkaLE 2.7 3.1 35 ns
tSAMELAB 0.2 0.3 0.3 ns
tsAMEROW 6.7 7.3 8.2 ns
tSAMECOLUMN 2.5 2.7 3.0 ns
tDIFFROW 9.2 10.0 11.2 ns
trworows 15.9 17.3 19.4 ns
t EPERIPH 7.5 8.1 8.9 ns
Y ABCARRY 0.3 0.4 0.5 ns
fLaBCASC 0.4 0.4 0.5 ns

Table 111. EPF10K250A Device External Reference Timing Parameters  Note (1)

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

Min Max Min Max Min Max
{brRR 15.0 17.0 20.0 ns
tinsu (2),(3) 6.9 8.0 9.4 ns
tine 3) 0.0 0.0 0.0 ns
toutco (3) 2.0 8.0 2.0 8.9 2.0 10.4 ns

Table 112. EPF10K250A Device External Bidirectional Timing Parameters  Note (1)

Symbol -1 Speed Grade -2 Speed Grade -3 Speed Grade Unit
Min Max Min Max Min Max
tINSUBIDIR 9.3 10.6 12.7 ns
UNHBIDIR 0.0 0.0 0.0 ns
tOUTCOB|D|R 2.0 8.0 2.0 8.9 2.0 104 ns
txZBIDIR 10.8 12.2 14.2 ns
tZXB|D|R 10.8 12.2 14.2 ns
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Figure 32. Igcactive vS- Operating Frequency (Part 2 of 3)
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