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ACEX 1K Programmable Logic Device Family Data Sheet

Functional
Description

For more information on the configuration of ACEX 1K devices, see the
following documents:

m  Configuration Devices for ACEX, APEX, FLEX, & Mercury Devices Data
Sheet
MasterBlaster Serial/lUSB Communications Cable Data Sheet
ByteBlasterMV Parallel Port Download Cable Data Sheet
BitBlaster Serial Download Cable Data Sheet

ACEX 1K devices are supported by Altera development systems, which
are integrated packages that offer schematic, text (including AHDL), and
waveform design entry, compilation and logic synthesis, full simulation
and worst-case timing analysis, and device configuration. The software
provides EDIF 200 and 300, LPM, VHDL, Verilog HDL, and other
interfaces for additional design entry and simulation support from other
industry-standard PC- and UNIX workstation-based EDA tools.

The Altera software works easily with common gate array EDA tools for
synthesis and simulation. For example, the Altera software can generate
Verilog HDL files for simulation with tools such as Cadence Verilog-XL.
Additionally, the Altera software contains EDA libraries that use device-
specific features such as carry chains, which are used for fast counter and
arithmetic functions. For instance, the Synopsys Design Compiler library
supplied with the Altera development system includes DesignWare
functions that are optimized for the ACEX 1K device architecture.

The Altera development systems run on Windows-based PCs and Sun
SPARCstation, and HP 9000 Series 700/800 workstations.

For more information, see the MAX+PLUS Il Programmable Logic
Development System & Software Data Sheet and the Quartus Programmable
Logic Development System & Software Data Sheet.

Each ACEX 1K device contains an enhanced embedded array that
implements memory and specialized logic functions, and a logic array
that implements general logic.

The embedded array consists of a series of EABs. When implementing
memory functions, each EAB provides 4,096 bits, which can be used to
create RAM, ROM, dual-port RAM, or first-in first-out (FIFO) functions.
When implementing logic, each EAB can contribute 100 to 600 gates
towards complex logic functions such as multipliers, microcontrollers,
state machines, and DSP functions. EABs can be used independently, or
multiple EABs can be combined to implement larger functions.

Altera Corporation
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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 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—such as 8-bit counters, address decoders, or state machines—or
combined across LABs to create larger logic blocks. Each LAB represents
about 96 usable logic gates.

Signal interconnections within ACEX 1K devices (as well as to and from

device pins) are provided by the FastTrack Interconnect routing structure,
which is a series of fast, continuous row and column channels that run the
entire length and width of the device.

Each 170 pinis fed by an 1/0 element (IOE) located at the end of each row
and column of the FastTrack Interconnect routing structure. Each IOE
contains a bidirectional 1/0 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 1.1 ns and
hold times of 0 ns. As outputs, these registers provide clock-to-output
times as low as 2.5 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 ACEX 1K device architecture. Each
group of LEs is combined into an LAB; groups of LABs are arranged into
rows and columns. Each row also contains a single EAB. The LABs and
EABs are interconnected by the FastTrack Interconnect routing structure.
IOEs are located at the end of each row and column of the FastTrack
Interconnect routing structure.
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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 software automatically combines EABs
to meet a designer’s RAM specifications.

EABs provide flexible options for driving and controlling clock signals.
Different clocks and clock enables can be used for reading and writing to
the EAB. Registers can be independently inserted on the data input, EAB
output, write address, write enable signals, read address, and read enable
signals. The global signals and the EAB local interconnect can drive
write-enable, read-enable, and clock-enable signals. 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 write-enable, read-enable, clear, clock, and clock-enable signals.

An 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 Figures 2 and 4). The column interconnect, which is adjacent
to the EAB, has twice as many channels as other columns in the device.

Logic Array Block

An LAB consists of eight LEs, their associated carry and cascade chains,
LAB control signals, and the LAB local interconnect. The LAB provides
the coarse-grained structure to the ACEX 1K architecture, facilitating
efficient routing with optimum device utilization and high performance.
Figure 7 shows the ACEX 1K LAB.
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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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Asynchronous Clear

The flipflop can be cleared by either LABCTRL1 or LABCTRL2. In this
mode, the preset signal is tied to VCC to deactivate it.

Asynchronous Preset

An asynchronous preset is implemented as an asynchronous load, or with
an asynchronous clear. If DATA3 is tied to VCC, asserting LABCTRL1
asynchronously loads a one into the register. Alternatively, the Altera
software can provide preset control by using the clear and inverting the
register’s input and output. Inversion control is available for the inputs to
both LEs and IOEs. Therefore, if a register is preset by only one of the two
LABCTRL signals, the DATA3 input is not needed and can be used for one
of the LE operating modes.

Asynchronous Preset & Clear

When implementing asynchronous clear and preset, LABCTRL1 controls
the preset, and LABCTRL2 controls the clear. DATAS is tied to VCC, so that
asserting LABCTRL1 asynchronously loads a one into the register,

effectively presetting the register. Asserting LABCTRL2 clears the register.

Asynchronous Load with Clear

When implementing an asynchronous load in conjunction with the clear,
LABCTRL1 implements the asynchronous load of DATA3 by controlling
the register preset and clear. LABCTRL2 implements the clear by
controlling the register clear; LABCTRL2 does not have to feed the preset
circuits.

Asynchronous Load with Preset

When implementing an asynchronous load in conjunction with preset, the
Altera software provides preset control by using the clear and inverting
the input and output of the register. Asserting LABCTRL2 presets the
register, while asserting LABCTRL 1 loads the register. The Altera software
inverts the signal that drives DATA3 to account for the inversion of the
register’s output.

Asynchronous Load without Preset or Clear

When implementing an asynchronous load without preset or clear,
LABCTRL1 implements the asynchronous load of DATA3 by controlling
the register preset and clear.

25
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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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Column-to-IOE Connections

When an IOE is used as an input, it can drive up to two separate column
channels. When an IOE is used as an output, the signal is driven by a
multiplexer that selects a signal from the column channels. Two IOEs
connect to each side of the column channels. Each 10E can be driven by
column channels via a multiplexer. The set of column channels is different
for each IOE (see Figure 17).

Figure 17. ACEX 1K Column-to-IOE Connections  Nofe (1)
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Note:
(1) The values for mand n are shown in Table 9.

Table 9 lists the ACEX 1K column-to-1OE interconnect resources.

Table 9. ACEX 1K Column-to-I0E Interconnect Resources

Device Channels per Column (n) |Column Channels per Pin (m)
EP1K10 24 16
EP1K30 24 16
EP1K50 24 16
EP1K100 24 16
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For designs that require both a multiplied and non-multiplied clock, the
clock trace on the board can be connected to the GCLK1 pin. In the Altera
software, the GCLK1 pin can feed both the ClockLock and ClockBoost
circuitry in the ACEX 1K device. However, when both circuits are used,
the other clock pin cannot be used.

ClockLock & ClockBoost Timing Parameters

For the ClockLock and ClockBoost circuitry to function properly, the
incoming clock must meet certain requirements. If these specifications are
not met, the circuitry may not lock onto the incoming clock, which
generates an erroneous clock within the device. The clock generated by
the ClockLock and ClockBoost circuitry must also meet certain
specifications. If the incoming clock meets these requirements during
configuration, the ClockLock and ClockBoost circuitry will lock onto the
clock during configuration. The circuit will be ready for use immediately
after configuration. Figure 19 shows the incoming and generated clock
specifications.

Figure 19. Specifications for the Incoming & Generated Clocks  Note (1)
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(1) Thet, parameter refers to the nominal input clock period; the to parameter refers to the nominal output 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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|EEE Std.
1149.1 (JTAG)

All ACEX 1K devices provide JTAG BST circuitry that complies with the
IEEE Std. 1149.1-1990 specification. ACEX 1K devices can also be
configured using the JTAG pins through the ByteBlasterMV or BitBlaster

Boundary-Scan download cable, or via hardware that uses the Jam™ Standard Test and

Support

Programming Language (STAPL), JEDEC standard JESD-71. JTAG
boundary-scan testing can be performed before or after configuration, but
not during configuration. ACEX 1K devices support the JTAG
instructions shown in Table 14.

Table 14. ACEX 1K 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 to be 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, allowing the BST data
to pass synchronously through a selected device to adjacent devices during normal
operation.

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

IDCODE

Selects the IDCODE register and places it between TDI and TDO, allowing the IDCODE
to be serially shifted out of TDO.

ICR Instructions

These instructions are used when configuring an ACEX 1K device via JTAG ports using
a MasterBlaster, ByteBlasterMV, or BitBlaster download cable, or a Jam File (.jam) or
Jam Byte-Code File (.jbc) via an embedded processor.

42

The instruction register length of ACEX 1K devices is 10 bits. The
USERCODE register length in ACEX 1K devices is 32 bits; 7 bits are
determined by the user, and 25 bits are pre-determined. Tables 15 and 16
show the boundary-scan register length and device IDCODE information
for ACEX 1K devices.

Table 15. ACEX 1K Boundary-Scan Register Length
Device Boundary-Scan Register Length
EP1K10 438
EP1K30 690
EP1K50 798
EP1K100 1,050

Altera Corporation




ACEX 1K Programmable Logic Device Family Data Sheet

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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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)
46 Altera Corporation
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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

27

PCI-Compliant Region

Vean (V)
25

231

3.0 3.1 3.3 3.6

Veeio (V)

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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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
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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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Table 24. EAB Timing Microparameters Note (1)
Symbol Parameter Conditions
tEABDATAL Data or address delay to EAB for combinatorial input
tEABDATA2 Data or address delay to EAB for registered input
tEABWEL Write enable delay to EAB for combinatorial input
tEABWE2 Write enable delay to EAB for registered input
tEABRE1L Read enable delay to EAB for combinatorial input
tEABRE2 Read enable delay to EAB for registered input
tEABCLK EAB register clock delay
teaBCO EAB register clock-to-output delay
tEABBYPASS Bypass register delay
tEABSU EAB register setup time before clock
tEABH EAB register hold time after clock
tEABCLR EAB register asynchronous clear time to output delay
tan Address access delay (including the read enable to output delay)
twp Write pulse width
trp Read pulse width
twbpsu Data setup time before falling edge of write pulse (5)
twoH Data hold time after falling edge of write pulse (5)
twasu Address setup time before rising edge of write pulse (5)
twAH Address hold time after falling edge of write pulse (5)
tRASU Address setup time before rising edge of read pulse
tRAH Address hold time after falling edge of read pulse
two Write enable to data output valid delay
top Data-in to data-out valid delay
tEABOUT Data-out delay
tEABCH Clock high time
teaBCL Clock low time
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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

65



ACEX 1K Programmable Logic Device Family Data Sheet

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
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Table 57. EP1K100 External Bidirectional Timing Parameters ~ Notes (1), (2)
Symbol Speed Grade Unit

-1 -2 -3

Min Max Min Max Min Max

tinsugiDIR (3) 1.7 2.5 3.3 ns
tineeiDIR (3) 0.0 0.0 0.0 ns
tinsusiDIr (4) 2.0 2.8 - ns
tinHBIDIR (4) 0.0 0.0 _ ns
tOUTCOB|D|R (3) 2.0 5.2 2.0 6.9 2.0 9.1 ns
txzeioir (3) 5.6 7.5 10.1 ns
tzxsiDIR (3) 5.6 7.5 10.1 ns
toutcosipir (4) 0.5 3.0 0.5 4.6 - - ns
txzeipir (4) 4.6 6.5 _ ns
tzxgiDIR (4) 4.6 6.5 - ns

Notes to tables:

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

(2) These parameters are specified by characterization.

(3) This parameter is measured without the use of the ClockLock or ClockBoost circuits.
(4) This parameter is measured with the use of the ClockLock or ClockBoost circuits.

Power

Consumption

Altera Corporation

The supply power (P) for ACEX 1K devices can be calculated with the
following equation:

P=PinT *+ Pio = (Iccstanbsy * lecactive) X Vee + Pio

The lccacTive 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|q 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).

s 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.

81



