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ACEX 1K Programmable Logic Device Family Data Sheet

...and More
Features

-1 speed grade devices are compliant with PCI Local Bus
Specification, Revision 2.2 for 5.0-V operation

Built-in Joint Test Action Group (JTAG) boundary-scan test
(BST) circuitry compliant with IEEE Std. 1149.1-1990, available
without consuming additional device logic.

Operate with a 2.5-V internal supply voltage

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

ClockLock™ and ClockBoost™ options for reduced clock delay,
clock 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

Pull-up on 170 pins before and during configuration

Flexible interconnect

FastTrack® Interconnect continuous routing structure for fast,
predictable interconnect delays

Dedicated carry chain that implements arithmetic functions such
as fast adders, counters, and comparators (automatically used by
software tools and megafunctions)

Dedicated cascade chain that implements high-speed,
high-fan-in logic functions (automatically used by software tools
and megafunctions)

Tri-state emulation that implements internal tri-state buses

Up to six global clock signals and four global clear signals

Powerful 170 pins

Individual tri-state output enable control for each pin
Open-drain option on each I/0 pin

Programmable output slew-rate control to reduce switching
noise

Clamp to Vo user-selectable on a pin-by-pin basis
Supports hot-socketing
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Figure 1. ACEX 1K Device Block Diagram
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ACEX 1K devices provide six dedicated inputs that drive the flipflops’
control inputs and ensure the efficient distribution of high-speed, low-
skew (less than 1.0 ns) control signals. These signals use dedicated routing
channels that provide shorter delays and lower skews than the FastTrack
Interconnect routing structure. Four of the dedicated inputs drive four
global signals. These four global signals can also be driven by internal
logic, providing an ideal solution for a clock divider or an internally
generated asynchronous clear signal that clears many registers in the
device.
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Carry Chain

The carry chain provides a very fast (as low as 0.2 ns) carry-forward
function between LEs. The carry-in signal from a lower-order bit drives
forward into the higher-order bit via the carry chain, and feeds into both
the LUT and the next portion of the carry chain. This feature allows the
ACEX 1K architecture to efficiently implement high-speed counters,
adders, and comparators of arbitrary width. Carry chain logic can be
created automatically by the compiler during design processing, or
manually by the designer during design entry. Parameterized functions,
such as LPM and DesignWare functions, automatically take advantage of
carry chains.

Carry chains longer than eight LEs are automatically implemented by
linking LABs together. For enhanced fitting, a long carry chain skips
alternate LABs in a row. A carry chain longer than one LAB skips either
from even-numbered LAB to even-numbered LAB, or from odd-
numbered LAB to odd-numbered LAB. For example, the last LE of the
first LAB in a row carries to the first LE of the third LAB in the row. The
carry chain does not cross the EAB at the middle of the row. For instance,
in the EP1K50 device, the carry chain stops at the eighteenth LAB, and a
new carry chain begins at the nineteenth LAB.

Figure 9 shows how an n-bit full adder can be implemented inn + 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 be bypassed for simple adders or used
for an accumulator function. Another portion of the LUT and 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.
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Figure 9. ACEX 1K Carry Chain Operation (n-Bit Full Adder)
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Figure 11. ACEX 1K LE Operating Modes
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In addition to the six clear and preset modes, ACEX 1K 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 12 shows examples
of how to setup the preset and clear inputs for the desired functionality.

Figure 12. ACEX 1K LE Clear & Preset Modes
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Figure 15. ACEX 1K Bidirectional I/0 Registers
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Table 12. ClockLock & ClockBoost Parameters for -2 Speed-Grade Devices
Symbol Parameter Condition Min Typ Max Unit
tr Input rise time 5 ns
te Input fall time 5 ns
tinouty | Input duty cycle 40 60 %
folka Input clock frequency (ClockBoost clock 25 80 MHz
multiplication factor equals 1)
feLke Input clock frequency (ClockBoost clock 16 40 MHz
multiplication factor equals 2)
fcukpey | Input deviation from user specification in 25,000 | PPM
the software (1)
tincLksTs | Input clock stability (measured between 100 ps
adjacent clocks)
tLock Time required for ClockLock or ClockBoost 10 Us
to acquire lock (3)
t3TTER Jitter on ClockLock or ClockBoost- tincLksTe < 100 250 (4) ps
generated clock (4) tincLksTe < 50 200 (4) ps
toutpuTy |Duty cycle for ClockLock or ClockBoost- 40 50 60 %
generated clock

Notes to tables:

(1) To implement the ClockLock and ClockBoost circuitry with the Altera software, designers must specify the input
frequency. The Altera software tunes the PLL in the ClockLock and ClockBoost circuitry to this frequency. The
fcLkpev parameter specifies how much the incoming clock can differ from the specified frequency during device

operation. Simulation does not reflect this parameter.
(2) Twenty-five thousand parts per million (PPM) equates to 2.5% of input clock period.

(3) 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, ock value is less than the time required for configuration.

(4) The ty1er specification is measured under long-term observation. The maximum value for tygg is 200 ps if
tincLksTR IS lower than 50 ps.

I/0

Configuration

This section discusses the PCI pull-up clamping diode option, slew-rate

control, open-drain output option, and MultiVolt 1/0 interface for
ACEX 1K devices. The PCI pull-up clamping diode, slew-rate control, and

open-drain output options are controlled pin-by-pin via Altera software
logic options. The MultiVolt 170 interface is controlled by connecting

Vccio to adifferent voltage than V¢ Nt Its effect can be simulated in the
Altera software via the Global Project Device Options dialog box (Assign

menu).

Altera Corporation
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Figure 20. ACEX 1K JTAG Waveforms
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Table 17 shows the timing parameters and values for ACEX 1K devices.

Table 17. ACEX 1K JTAG Timing Parameters & Values
Symbol Parameter Min | Max | Unit
ticp TCK clock period 100 ns
ticH TCK clock high time 50 ns
ticL TCK clock low time 50 ns
typsu JTAG port setup time 20 ns
tipH JTAG port hold time 45 ns
tipco JTAG port clock to output 25 ns
tipzx JTAG port high impedance to valid output 25 ns
tipxz JTAG port valid output to high impedance 25 ns
tyssu Capture register setup time 20 ns
tsH Capture register hold time 45 ns
t3sco Update register clock to output 35 ns
tyszx Update register high impedance to valid output 35 ns
tisxz Update register valid output to high impedance 35 ns
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Generic Testing

Each ACEX 1K device is functionally tested. Complete testing of each
configurable static random access memory (SRAM) bit and all logic

functionality ensures 100% yield. AC test measurements for ACEX 1K
devices are made under conditions equivalent to those shown in

Figure 21. Multiple test patterns can be used to configure devices during
all stages of the production flow.

Figure 21. ACEX 1K AC Test Conditions
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Numbers in brackets are for 2.5-V devices times<3ns
or outputs. Numbers without brackets are
for 3.3-V devices or outputs.

Operating Tables 18 through 21 provide i_nformation on ab_solute mf':l)_(imum ratings,
. recommended operating conditions, DC operating conditions, and

Conditions capacitance for 2.5-V ACEX 1K devices.

Table 18. ACEX 1K Device Absolute Maximum Ratings ~ Note (1)

Symbol Parameter Conditions Min Max Unit
Veeint | Supply voltage With respect to ground (2) -0.5 3.6 \%
Vecio -0.5 4.6 \
\ DC input voltage -2.0 5.75 \%
lout DC output current, per pin =25 25 mA
Tste Storage temperature No bias —65 150 °C
Tavs Ambient temperature Under bias —65 135 °C
T; Junction temperature PQFP, TQFP, and BGA packages, under 135 °C

bias
45
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Table 21. ACEX 1K Device Capacitance  Nofe (14)

Symbol Parameter Conditions Min Max Unit

Cin Input capacitance ViN=0V,f=1.0 MHz 10 pF

Cinclk | Input capacitance on ViN=0V,f=1.0MHz 12 pF

dedicated clock pin

Cout |Output capacitance Vour =0V, f=1.0 MHz 10 pF

Notes to tables:

(1) See the Operating Requirements for Altera Devices Data Sheet.

(2) Minimum DC input voltage is —0.5 V. During transitions, the inputs may undershoot to -2.0 V for input currents
less than 100 mA and periods shorter than 20 ns.

(3) Numbers in parentheses are for industrial- and extended-temperature-range devices.

(4) Maximum V¢ rise time is 100 ms, and V¢ must rise monotonically.

(5 Allpins, including dedicated inputs, clock, 170, and JTAG pins, may be driven before Ve yt and Vego are
powered.

(6) Typical values are for Tp = 25° C, Veeont = 2.5V, and Vegip =25V or 3.3 V.

(7) These values are specified under the ACEX 1K Recommended Operating Conditions shown in Table 19 on page 46.

(8) The ACEX 1K input buffers are compatible with 2.5-V, 3.3-V (LVTTL and LVCMOS), and 5.0-V TTL and CMOS
signals. Additionally, the input buffers are 3.3-V PCI compliant when V¢ o and Ve nt Meet the relationship
shown in Figure 22.

(9) The lgy parameter refers to high-level TTL, PCI, or CMOS output current.

(10) The lg_ parameter refers to low-level TTL, PCI, or CMOS output current. This parameter applies to open-drain pins
as well as output pins.

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

(12) This parameter applies to -1 speed grade commercial temperature devices and -2 speed grade industrial and
extended temperature devices.

(13) Pin pull-up resistance values will be lower if the pin is driven higher than V¢ g by an external source.

(14) Capacitance is sample-tested only.
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Figure 22 shows the required relationship between V¢ o and Vg nT tO
satisfy 3.3-V PCI compliance.

Figure 22. Relationship between Vecig & Veent for 3.3-V PCI Compliance
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Figure 23 shows the typical output drive characteristics of ACEX 1K
devices with 3.3-V and 2.5-V V. The output driver is compliant to the
3.3-V PCI Local Bus Specification, Revision 2.2 (when VCCl Opins are
connected to 3.3 V). ACEX 1K devices with a -1 speed grade also comply
with the drive strength requirements of the PCI Local Bus Specification,
Revision 2.2 (when VCCI NT pins are powered with a minimum supply of
2.375 V, and VCCI Opins are connected to 3.3 V). Therefore, these devices
can be used in open 5.0-V PCI systems.
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Table 31. EP1K10 Device IOE Timing Microparameters  Note (1)
Symbol Speed Grade Unit
-1 -2 -3
Min Max Min Max Min Max

tiop 2.6 3.1 4.0 ns
tioc 0.3 0.4 0.5 ns
tioco 0.9 1.0 1.4 ns
tiocoms 0.0 0.0 0.0 ns
tiosu 1.3 1.5 2.0 ns
tion 0.9 1.0 1.4 ns
tiocLr 11 13 17 ns
top1 31 3.7 4.1 ns
top2 2.6 3.3 3.9 ns
tops 5.8 6.9 8.3 ns
tyz 3.8 4.5 5.9 ns
trx1 3.8 45 5.9 ns
trxo 33 4.1 5.7 ns
tzx3 6.5 7.7 10.1 ns
tiNREG 3.7 4.3 5.7 ns
tiorp 0.9 1.0 1.4 ns
tincomB 1.9 2.3 3.0 ns

Altera Corporation
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Table 32. EP1K10 Device EAB Internal Microparameters  Note (1)
Symbol Speed Grade Unit
-1 -2 -3
Min Max Min Max Min Max
tEABDATAL 1.8 1.9 1.9 ns
tEABDATA2 0.6 0.7 0.7 ns
tEABWEL 1.2 1.2 1.2 ns
tEABWE2 0.4 0.4 0.4 ns
teABREL 0.9 0.9 0.9 ns
tEABRE2 0.4 0.4 0.4 ns
teaBCLK 0.0 0.0 0.0 ns
teaBCO 0.3 0.3 0.3 ns
tEABBYPASS 0.5 0.6 0.6 ns
teaBsu 1.0 1.0 1.0 ns
teaBH 0.5 0.4 0.4 ns
teABCLR 0.3 0.3 0.3 ns
tan 3.4 3.6 3.6 ns
twe 2.7 2.8 2.8 ns
tpp 1.0 1.0 1.0 ns
twosu 1.0 1.0 1.0 ns
twoH 0.1 0.1 0.1 ns
twasu 1.8 1.9 1.9 ns
twan 1.9 2.0 2.0 ns
tRASU 31 35 35 ns
traH 0.2 0.2 0.2 ns
two 2.7 2.8 2.8 ns
top 2.7 2.8 2.8 ns
teABOUT 0.5 0.6 0.6 ns
teaABCH 15 2.0 2.0 ns
teaBCL 2.7 2.8 2.8 ns
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Table 36. EP1K10 External Bidirectional Timing Parameters

Notes (1), (3)

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

tinsuBIDIR (2) 2.2 2.3 3.2 ns
tinHBIDIR (2) 0.0 0.0 0.0 ns
tOUTCOB|D|R (2) 2.0 6.6 2.0 7.8 2.0 9.6 ns
txzgipir (2) 8.8 11.2 14.0 ns
tzxBIDIR (2) 8.8 11.2 14.0 ns
tinsusiDIR (4) 31 3.3 _ _
tinteiDIR (4) 0.0 0.0 _
toutcosIDIr (4) 0.5 5.1 0.5 6.4 - - ns
txzeipir(4) 7.3 9.2 _ ns
tzxsiDIr (4) 7.3 9.2 - ns

Notes to tables:

(1) Alltiming parameters are described in Tables 22 through 29 in this data sheet.

(2) This parameter is measured without the use of the ClockLock or ClockBoost circuits.

(3) These parameters are specified by characterization.
(4) This parameter is measured with the use of the ClockLock or ClockBoost circuits.

Tables 37 through 43 show EP1K30 device internal and external timing
parameters.

Table 37. EP1K30 Device LE Timing Microparameters (Part 1 of 2) Note (1)
Symbol Speed Grade Unit

-1 -2 -3

Min Max Min Max Min Max

tLut 0.7 0.8 11 ns
toLuT 0.5 0.6 0.8 ns
trLUT 0.6 0.7 1.0 ns
tpACKED 0.3 0.4 0.5 ns
ten 0.6 0.8 1.0 ns
teico 0.1 0.1 0.2 ns
tcGEN 0.4 0.5 0.7 ns
tcGENR 0.1 0.1 0.2 ns
tcasc 0.6 0.8 1.0 ns
tc 0.0 0.0 0.0 ns
tco 0.3 0.4 0.5 ns

Altera Corporation
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Table 37. EP1K30 Device LE Timing Microparameters (Part 2 of 2) Note (1)
Symbol Speed Grade Unit
-1 -2 -3
Min Max Min Max Min Max
tCOMB 0.4 0.4 0.6 ns
tsy 0.4 0.6 0.6 ns
tH 0.7 1.0 1.3 ns
tPRE 0.8 0.9 1.2 ns
tolr 0.8 0.9 1.2 ns
ten 2.0 25 25 ns
teL 2.0 25 2.5 ns
Table 38. EP1K30 Device IOE Timing Microparameters ~ Note (1)
Symbol Speed Grade Unit
-1 -2 -3
Min Max Min Max Min Max
tiop 2.4 2.8 3.8 ns
t|oc 0.3 0.4 0.5 ns
tioco 1.0 11 1.6 ns
t|OCOMB 0.0 0.0 0.0 ns
tiosu 1.2 1.4 1.9 ns
tIOH 0.3 04 0.5 ns
t|OCLR 1.0 1.1 1.6 ns
tops 1.9 2.3 3.0 ns
tODZ 1.4 1.8 2.5 ns
tops 4.4 5.2 7.0 ns
tyz 2.7 3.1 43 ns
tzx1 2.7 3.1 4.3 ns
tzx2 2.2 2.6 3.8 ns
tzx3 5.2 6.0 8.3 ns
t|NREG 3.4 4.1 55 ns
tIOFD 0.8 1.3 2.4 ns
tNCOMB 0.8 1.3 2.4 ns
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Table 46. EP1K50 Device EAB Internal Microparameters Note (1)
Symbol Speed Grade Unit
-1 -2 -3

Min Max Min Max Min Max
tEABDATAL 1.7 2.4 3.2 ns
tEABDATA2 0.4 0.6 0.8 ns
tEABWEL 1.0 14 1.9 ns
tEABWE? 0.0 0.0 0.0 ns
teABREL 0.0 0.0 0.0
tEABRE2 0.4 0.6 0.8
teaBCLK 0.0 0.0 0.0 ns
teaBCO 0.8 1.1 15 ns
tEABBYPASS 0.0 0.0 0.0 ns
teaBsu 0.7 1.0 1.3 ns
tEABH 0.4 0.6 0.8 ns
teABCLR 0.8 1.1 1.5
tan 2.0 2.8 3.8 ns
twp 2.0 2.8 3.8 ns
tpp 1.0 1.4 1.9
twosu 0.5 0.7 0.9 ns
twoH 0.1 0.1 0.2 ns
twasu 1.0 1.4 1.9 ns
twan 15 21 2.9 ns
traSU 1.5 2.1 2.8
tRAH 0.1 0.1 0.2
two 2.1 2.9 4.0 ns
top 2.1 2.9 4.0 ns
teABOUT 0.0 0.0 0.0 ns
teaABCH 15 2.0 25 ns
teaBCL 15 2.0 25 ns
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Table 50. EP1K50 External Bidirectional Timing Parameters  Note (1)

Symbol Speed Grade Unit

-1 -2 -3
Min Max Min Max Min Max

tinsuBIDIR (2) 2.7 3.2 4.3 ns
tinneiDIR (2) 0.0 0.0 0.0 ns
tinsusiDir (3) 3.7 4.2 _ ns
tnHeiDIR (3) 0.0 0.0 _ ns
tOUTCOB|D|R (2) 2.0 4.5 2.0 5.2 2.0 7.3 ns
txzeiDIR (2) 6.8 7.8 10.1 ns
tzxgiDIR (2) 6.8 7.8 10.1 ns
toutcosipir (3) 0.5 35 0.5 4.2 - -
txzeipir (3) 6.8 8.4 _ .
tzxgioiR (3) 6.8 8.4 _ ns

Notes to tables:

(1) Alltiming parameters are described in Tables 22 through 29.
(2) This parameter is measured without use of the ClockLock or ClockBoost circuits.
(3) This parameter is measured with use of the ClockLock or ClockBoost circuits

Altera Corporation
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Tables 51 through 57 show EP1K100 device internal and external timing

parameters.

Table 51. EP1K100 Device LE Timing Microparameters  Note (1)
Symbol Speed Grade Unit
-1 -2 -3
Min Max Min Max Min Max
Lyt 0.7 1.0 15 ns
teLut 0.5 0.7 0.9 ns
trLUT 0.6 0.8 1.1 ns
tpACKED 0.3 0.4 0.5 ns
ten 0.2 0.3 0.3 ns
tcico 0.1 0.1 0.2 ns
teEN 0.4 0.5 0.7 ns
tcGENR 0.1 0.1 0.2 ns
tcasc 0.6 0.9 1.2 ns
te 0.8 1.0 1.4 ns
tco 0.6 0.8 11 ns
tcoms 0.4 0.5 0.7 ns
tsy 0.4 0.6 0.7 ns
ty 0.5 0.7 0.9 ns
tpRE 0.8 1.0 14 ns
telr 0.8 1.0 1.4 ns
ten 15 2.0 25 ns
toL 15 2.0 25 ns
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Table 54. EP1K100 Device EAB Internal Timing Macroparameters Note (1)

Symbol Speed Grade Unit

-1 -2 3
Min Max Min Max Min Max

tEABAA 5.9 7.6 9.9 ns
tEABRCOMB 5.9 7.6 9.9 ns
lEABRCREG 5.1 6.5 8.5 ns
teABWP 2.7 3.5 4.7 ns
teaBWCOMB 5.9 7.7 10.3 ns
lEABWCREG 5.4 7.0 9.4 ns
tEABDD 3.4 45 5.9 ns
teABDATACO 05 0.7 0.8 ns
tEABDATASU 0.8 1.0 1.4 ns
tEABDATAH 0.1 0.1 0.2 ns
tEABWESU 11 1.4 1.9 ns
te ABWEH 0.0 0.0 0.0 ns
teaBWDSU 1.0 13 17 ns
tEABWDH 0.2 0.2 0.3 ns
teABWASU 4.1 5.2 6.8 ns
teABWA 0.0 0.0 0.0 ns
teaBWO 34 4.5 5.9 ns
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