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ACEX 1K Programmable Logic Device Family Data Sheet

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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Figure 2. ACEX 1K Device in Dual-Port RAM Mode  MNote (1)
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(1) Allregisters can be asynchronously cleared by EAB local interconnect signals, global signals, or the chip-wide reset.

(2) EP1K10, EP1K30, and EP1K50 devices have 88 EAB local interconnect channels; EP1K100 devices have 104 EAB
local interconnect channels.

The EAB can use Altera megafunctions to implement dual-port RAM
applications where both ports can read or write, as shown in Figure 3. The
ACEX 1K EAB can also be used in a single-port mode (see Figure 4).
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EABs can be used to implement synchronous RAM, which is easier to use
than asynchronous RAM. A circuit using asynchronous RAM must
generate the RAM write enable signal, while ensuring that its data and
address signals meet setup and hold time specifications relative to the
write enable signal. In contrast, the EAB’s synchronous RAM generates its
own write enable signal and is self-timed with respect to the input or write
clock. A circuit using the EAB’s self-timed RAM must only meet the setup
and hold time specifications of the global clock.

When used as RAM, each EAB can be configured in any of the following
sizes: 256 x 16;512 x 8;1,024 x 4; or 2,048 x 2. Figure 5shows the ACEX 1K
EAB memory configurations.

Figure 5. ACEX 1K EAB Memory Configurations
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Larger blocks of RAM are created by combining multiple EABs. For
example, two 256 x 16 RAM blocks can be combined to form a 256 x 32
block, and two 512 x 8 RAM blocks can be combined to form a

512 x 16 block. Figure 6 shows examples of multiple EAB combination.

Figure 6. Examples of Combining ACEX 1K EABs

256 x 32 61 % 16
X
I e s >
256 x 16
512 x 8
256 x 16
512 x 8

12 Altera Corporation



ACEX 1K Programmable Logic Device Family Data Sheet

Figure 8. ACEX 1K Logic Element
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The programmable flipflop in the LE can be configured for D, T, JK, or SR
operation. The clock, clear, and preset control signals on the flipflop can
be driven by global signals, general-purpose 1/0 pins, or any internal
logic. For combinatorial functions, the flipflop is bypassed and the LUT’s
output drives the LE’s output.

The LE has two outputs that drive the interconnect: one drives the local
interconnect, and the other drives either the row or column FastTrack
Interconnect routing structure. The two outputs can be controlled
independently. For example, the LUT can drive one output while the
register drives the other output. This feature, called register packing, can
improve LE utilization because the register and the LUT can be used for
unrelated functions.

The ACEX 1K architecture provides two types of dedicated high-speed
data paths that connect adjacent LEs without using local interconnect
paths: carry chains and cascade chains. The carry chain supports high-
speed counters and adders, and the cascade chain implements wide-input
functions with minimum delay. Carry and cascade chains connect all LEs
ina LAB and all LABs in the same row. Intensive use of carry and cascade
chains can reduce routing flexibility. Therefore, the use of these chains
should be limited to speed-critical portions of a design.
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LE Operating Modes
The ACEX 1K LE can operate in the following four modes:

Normal mode
Arithmetic mode
Up/down counter mode
Clearable counter mode

Each of these modes uses LE resources differently. In each mode, seven
available inputs to the LE—the four data inputs from the LAB local
interconnect, the feedback from the programmable register, and the
carry-in and cascade-in from the previous LE—are directed to different
destinations to implement the desired logic function. Three inputs to the
LE provide clock, clear, and preset control for the register. The Altera
software, in conjunction with parameterized functions such as LPM and
DesignWare functions, automatically chooses the appropriate mode for
common functions such as counters, adders, and multipliers. If required,
the designer can also create special-purpose functions that use a specific
LE operating mode for optimal performance.

The architecture provides a synchronous clock enable to the register in all
four modes. The Altera software can set DATAL to enable the register
synchronously, providing easy implementation of fully synchronous
designs.

Figure 11 shows the ACEX 1K LE operating modes.
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FastTrack Interconnect Routing Structure

In the ACEX 1K architecture, connections between LEs, EABs, and device
170 pins are provided by the FastTrack Interconnect routing structure,
which is a series of continuous horizontal and vertical routing channels
that traverse the device. This global routing structure provides
predictable performance, even in complex designs. In contrast, the
segmented routing in FPGAs requires switch matrices to connect a
variable number of routing paths, increasing the delays between logic
resources and reducing performance.

The FastTrack Interconnect routing structure consists of row and column
interconnect channels that span the entire device. Each row of LABs is
served by a dedicated row interconnect. The row interconnect can drive
170 pins and feed other LABs in the row. The column interconnect routes
signals between rows and can drive 1/0 pins.

Row channels drive into the LAB or EAB local interconnect. The row
signal is buffered at every LAB or EAB to reduce the effect of fan-out on
delay. A row channel can be driven by an LE or by one of three column
channels. These four signals feed dual 4-to-1 multiplexers that connect to
two specific row channels. These multiplexers, which are connected to
each LE, allow column channels to drive row channels even when all eight
LEs in a LAB drive the row interconnect.

Each column of LABs or EABs is served by a dedicated column
interconnect. The column interconnect that serves the EABs has twice as
many channels as other column interconnects. The column interconnect
can then drive 170 pins or another row’s interconnect to route the signals
to other LABs or EABs in the device. A signal from the column
interconnect, which can be either the output of a LE or an input from an
170 pin, must be routed to the row interconnect before it can enter a LAB
or EAB. Each row channel that is driven by an IOE or EAB can drive one
specific column channel.

Access to row and column channels can be switched between LEs in
adjacent pairs of LABs. For example, a LE in one LAB can drive the row
and column channels normally driven by a particular LE in the adjacent
LAB in the same row, and vice versa. This flexibility enables routing
resources to be used more efficiently. Figure 13 shows the ACEX 1K LAB.
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Tables 11 and 12 summarize the ClockLock and ClockBoost parameters
for -1 and -2 speed-grade devices, respectively.

Table 11. ClockLock & ClockBoost Parameters for -1 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 %
feLka Input clock frequency (ClockBoost clock 25 180 MHz
multiplication factor equals 1)

feLke Input clock frequency (ClockBoost clock 16 90 MHz
multiplication factor equals 2)

fcLkpev | Inputdeviation from user specification in the 25,000 | PPM
Altera software (1) 2)

tincLksTe | Input clock stability (measured between 100 ps
adjacent clocks)

tLock Time required for ClockLock or ClockBoost 10 Ms
to acquire lock (3)

tTTER Jitter on ClockLock or ClockBoost- tincLksTe <100 250 (4) ps
generated clock (4) tincLksTe < 50 200 (4) | ps

touTtpuTy | Duty cycle for ClockLock or ClockBoost- 40 50 60 %

generated clock
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PCI Pull-Up Clamping Diode Option

ACEX 1K devices have a pull-up clamping diode on every 1/0, dedicated
input, and dedicated clock pin. PCI clamping diodes clamp the signal to
the Vo Value and are required for 3.3-V PCI compliance. Clamping
diodes can also be used to limit overshoot in other systems.

Clamping diodes are controlled on a pin-by-pin basis. When V¢cg is
3.3V, apin that has the clamping diode option turned on can be driven by
a 2.5-V or 3.3-V signal, but not a 5.0-V signal. When V¢ g is 2.5 V, apin
that has the clamping diode option turned on can be driven by a 2.5-V
signal, but not a 3.3-V or 5.0-V signal. Additionally, a clamping diode can
be activated for a subset of pins, which allows a device to bridge between
a 3.3-V PCl bus and a 5.0-V device.

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 4.3 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
pin-by-pin 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

ACEX 1K devices provide an optional open-drain output (electrically
equivalent to open-collector output) for each 1/0 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.

MultiVolt 1/0 Interface

The ACEX 1K device architecture supports the MultiVolt I/0 interface
feature, which allows ACEX 1K devices in all packages to interface with
systems of differing supply voltages. These devices have one set of V¢
pins for internal operation and input buffers (VCClI NT), and another set for
170 output drivers (VCCl O).
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Table 16. 32-Bit IDCODE for ACEX 1K Devices  Note (1)
Device IDCODE (32 Bits)
Version Part Number (16 Bits) Manufacturer’s 1 (1 Bit) (2)
(4 Bits) Identity (11 Bits)
EP1K10 0001 0001 0000 0001 0000 00001101110 1
EP1K30 0001 0001 0000 0011 0000 00001101110 1
EP1K50 0001 0001 0000 0101 0000 00001101110 1
EP1K100 0010 0000 0001 0000 0000 00001101110 1

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

ACEX 1K devices include weak pull-up resistors on the JTAG pins.

«® For more information, see the following documents:

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

m  ByteBlasterMV Parallel Port Download Cable Data Sheet
BitBlaster Serial Download Cable Data Sheet

m  Jam Programming & Test Language Specification

Figure 20 shows the timing requirements for the JTAG signals.
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Table 19. ACEX 1K Device Recommended Operating Conditions

Symbol Parameter Conditions Min Max Unit
Veent | Supply voltage for internal logic | (3), (4) 2.375 2.625 \%
and input buffers (2.375) (2.625)
Veeio Supply voltage for output buffers, |(3), (4) 3.00 (3.00) | 3.60 (3.60) \
3.3-V operation
Supply voltage for output buffers, |(3), (4) 2.375 2.625 \
2.5-V operation (2.375) (2.625)
V| Input voltage (2), (5) -0.5 5.75 \%
Vo Output voltage 0 Vceio \
Ta Ambient temperature Commercial range 0 70 °C
Industrial range -40 85 °C
T, Junction temperature Commercial range 0 85 °C
Industrial range -40 100 °C
Extended range -40 125 °C
tr Input rise time 40 ns
te Input fall time 40 ns
Table 20. ACEX 1K Device DC Operating Conditions (Part 1 of 2)  Notes (6), (7)
Symbol Parameter Conditions Min Typ Max Unit
\um High-level input voltage 1.7, 5.75 \%
0.5 x Vo (8)
Vi Low-level input voltage —0.5 0.8, \
0.3 xVgcio (8)
VoH 3.3-V high-level TTL output loy =—8 mA DC, 2.4 Vv
voltage Veeio=3.00V (9)
3.3-V high-level CMOS output |lgy =—-0.1 mA DC, Veeio—0.2 \
voltage Veeio=3.00V (9)
3.3-V high-level PCI output loy =—0.5mA DC, 0.9 xtVcco \
voltage Veeio=3.00t03.60 V
9
2.5-V high-level output voltage |lgy = —0.1 mA DC, 21 \%
Veeio = 2.375V (9)
loy =—-1 mA DC, 2.0 \
Veeio = 2.375V (9)
loy =—2 mA DC, 17 \
Veeio=2.375V (9)
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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 24 shows the overall timing model, which maps the possible paths
to and from the various elements of the ACEX 1K device.

Figure 24. ACEX 1K Device Timing Model
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Figures 25 through 28 show the delays that correspond to various paths
and functions within the LE, IOE, EAB, and bidirectional timing models.

Figure 25. ACEX 1K Device LE Timing Model
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Figure 28. Synchronous Bidirectional Pin External Timing Model

OE Register
PRN
. D Q
Dedicated tzBIDIR
Clock ZxBIDIR
CLRN
touTcoBIDIR
Output Register
PRN idi i
Bidirectional
D Q — pin

1,
< INSUBIDIR

CLRN iNHBIDIR

Input Register
PRN
D Q

CLRN

Tables 29 and 30 show the asynchronous and synchronous timing

waveforms, respectively, for the EAB macroparameters in Table 24.

Figure 29. EAB Asynchronous Timing Waveforms
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Tables 30 through 36 show EP1K10 device internal and external timing

parameters.

Table 30. EP1K10 Device LE Timing Microparameters  Nofe (1)
Symbol Speed Grade Unit
-1 -2 -3
Min Max Min Max Min Max

Lyt 0.7 0.8 1.1 ns
teLut 0.5 0.6 0.8 ns
trLUT 0.6 0.7 1.0 ns
tpACKED 0.4 0.4 0.5 ns
ten 0.9 1.0 1.3 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 0.7 0.9 11 ns
te 11 1.3 1.7 ns
tco 0.5 0.7 0.9 ns
tcoms 0.4 0.5 0.7 ns
tsy 0.7 0.8 1.0 ns
ty 0.9 1.0 1.1 ns
tpRE 0.8 1.0 14 ns
telr 0.9 1.0 1.4 ns
ten 2.0 25 25 ns
toL 2.0 25 25 ns

60
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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 41. EP1K30 Device Interconnect Timing Microparameters ~ Note (1)

Symbol Speed Grade Unit

-1 -2 3
Min Max Min Max Min Max
tbin2IoE 1.8 2.4 2.9 ns
toinoLE 1.5 1.8 2.4 ns
tDiN2DATA 1.5 1.8 2.2 ns
tbcLk210E 2.2 2.6 3.0 ns
IbcLkeLE 15 1.8 2.4 ns
tSAMELAB 0.1 0.2 0.3 ns
tsaMEROW 2.0 2.4 2.7 ns
{SAMECOLUMN 0.7 1.0 0.8 ns
toiFFROW 2.7 3.4 3.5 ns
trworows 4.7 5.8 6.2 ns
Y EPERIPH 2.7 3.4 3.8 ns
L ABCARRY 0.3 0.4 0.5 ns
tLaBCASC 0.8 0.8 1.1 ns
Table 42. EP1K30 External Timing Parameters  Notes (1), (2)
Symbol Speed Grade Unit
-1 -2 3
Min Max Min Max Min Max

tbRR 8.0 9.5 12.5 ns
tinsu (3) 2.1 2.5 3.9 ns
ting (3) 0.0 0.0 0.0 ns
toutco (3) 2.0 4.9 2.0 5.9 2.0 7.6 ns
tinsu (4) 1.1 1.5 - ns
tinm (4) 0.0 0.0 - ns
toutco (4) 0.5 3.9 0.5 4.9 _ _ ns
tpcisu 3.0 4.2 - ns
tpciH 0.0 0.0 - ns
tpcico 2.0 6.0 2.0 75 _ _ ns
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Table 47. EP1K50 Device EAB Internal Timing Macroparameters ~ Note (1)
Symbol Speed Grade Unit
-1 -2 3
Min Max Min Max Min Max

tEABAA 3.7 5.2 7.0 ns
tEABRCCOMB 3.7 5.2 7.0 ns
lEABRCREG 3.5 4.9 6.6 ns
tEABWP 2.0 2.8 38 ns
teaBWCCOMB 4.5 6.3 8.6 ns
lEABWCREG 5.6 7.8 10.6 ns
tEABDD 3.8 5.3 7.2 ns
teABDATACO 0.8 1.1 1.5 ns
tEABDATASU 1.1 1.6 2.1 ns
tEABDATAH 0.0 0.0 0.0 ns
tEABWESU 0.7 1.0 1.3 ns
te ABWEH 0.4 0.6 0.8 ns
teaBWDSU 1.2 17 2.2 ns
tEABWDH 0.0 0.0 0.0 ns
tEABWASU 1.6 2.3 3.0 ns
teABWA 0.9 1.2 18 ns
teABWO 3.1 4.3 5.9 ns

Altera Corporation
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Table 48. EP1K50 Device Interconnect Timing Microparameters ~ Note (1)
Symbol Speed Grade Unit
-1 -2 -3
Min Max Min Max Min Max
{biN2IOE 3.1 3.7 4.6 ns
tD|N2LE 1.7 2.1 2.7 ns
tD|N2DATA 2.7 3.1 5.1 ns
tDCLKZIOE 1.6 1.9 2.6 ns
tbcLkaLE 1.7 2.1 2.7 ns
tsAMELAB 0.1 0.1 0.2 ns
tsamMEROW 15 1.7 2.4 ns
tSAMECOLUMN 1.0 1.3 2.1 ns
toIFFROW 2.5 3.0 4.5 ns
trworows 4.0 4.7 6.9 ns
tLEPER":’H 2.6 2.9 3.4 ns
{ ABCARRY 0.1 0.2 0.2 ns
tLaBCASC 0.8 1.0 1.3 ns
Table 49. EP1K50 External Timing Parameters  Note (1)
Symbol Speed Grade Unit
-1 -2 -3
Min Max Min Max Min Max
tDRR 8.0 9.5 12.5 ns
tinsu () 2.4 2.9 3.9 ns
tiy (2) 0.0 0.0 0.0 ns
toutco (2) 2.0 4.3 2.0 5.2 2.0 7.3 ns
tinsu (3) 2.4 2.9 - ns
t|NH 3) 0.0 0.0 - ns
tOUTCO (3) 0.5 3.3 0.5 4.1 - - ns
tPC|SU 2.4 2.9 - ns
tPC|H 0.0 0.0 - ns
tpc|co 2.0 6.0 2.0 7.7 - - ns
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Table 55. EP1K100 Device Interconnect Timing Microparameters ~ Note (1)
Symbol Speed Grade Unit
-1 -2 -3
Min Max Min Max Min Max
tD|N2|OE 3.1 3.6 4.4 ns
tD|N2LE 0.3 0.4 0.5 ns
tD|N2DATA 1.6 1.8 2.0 ns
tDCLKZIOE 0.8 1.1 1.4 ns
tocLKaLE 0.3 0.4 0.5 ns
tSAMELAB 0.1 0.1 0.2 ns
tsaMEROW 15 25 3.4 ns
{SAMECOLUMN 0.4 1.0 1.6 ns
tD”:FROW 1.9 3.5 5.0 ns
tTWOROWS 3.4 6.0 8.4 ns
tLEPERIPH 4.3 54 6.5 ns
tL ABCARRY 0.5 0.7 0.9 ns
tLABCASC 0.8 1.0 1.4 ns
Table 56. EP1K100 External Timing Parameters ~ Notes (1), (2)
Symbol Speed Grade Unit
-1 -2 -3
Min Max Min Max Min Max
torR 9.0 12.0 16.0 ns
tinsu (3) 2.0 25 33 ns
ting (3) 0.0 0.0 0.0 ns
toutco (3) 2.0 5.2 2.0 6.9 2.0 9.1 ns
t|NSU (4) 2.0 2.2 - ns
t|NH 4) 0.0 0.0 - ns
toutco (4) 0.5 3.0 0.5 4.6 - - ns
tPC|SU 3.0 6.2 - ns
tPC|H 0.0 0.0 - ns
tpc|co 2.0 6.0 2.0 6.9 - - ns
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Figure 31. ACEX 1K IccacTive VS- Operating Frequency
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Configuration &
Operation

Altera Corporation

The ACEX 1K architecture supports several configuration schemes. This
section summarizes the device operating modes and available device
configuration schemes.

Operating Modes

The ACEX 1K architecture uses SRAM configuration elements that
require configuration data to be loaded every time the circuit powers up.
The process of physically loading the SRAM data into the device is called
configuration. Before configuration, as V¢ rises, the device initiates a
Power-On Reset (POR). This POR event clears the device and prepares it
for configuration. The ACEX 1K POR time does not exceed 50 ps.

1= When configuring with a configuration device, refer to the

relevant configuration device data sheet for POR timing
information.
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