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This Data
Section 1

Section 2
Section 3
Section 4

Section 5

Section 6

Section7

Section 8

Section ‘9

Section 10

Book contains complete information about Altera products:

provides an introduction to Erasable Programmable Logic
Devices (EPLDs). This section describes the principles
underlying EPLD architecture, summarizes EPLD families and
software tools offered by Altera, and explains the advantages
of CMOS EPROM technology. The section also contains a
Product Selection Guide for a quick overview of Altera products.

describes the EP-series “classic” EPLDs, including A+PLUS
software support.

describes the EPM5000-series MAX EPLDs, including
MAX+PLUS software support.

provides preliminary information about the EPM7000-series
MAXEPLDs.

describes the EPS-series EPLDs, including SAM-+PLUS software
support. This series includes the Stand-Alone Microsequencer
(SAM) and Synchronous Timing Generator (STG) EPLDs.

gives an overview of the EPB-series EPLDs, Altera’s user-
configurable adapter interface chips for the IBM PS/2 Micro
Channel. The EPB2001 and EPB2002A EPLDs are described in
detail in the Micro Channel Adapter Handbook (April 1990).

describes operating requirements for all Altera EPLDs.

describes Altera’s development products, including
development systems, software utility programs, EDIF netlist
interface, software support for Apollo computers, device
programmer, adapters, and software warranty. This section
also includes a description of third-party support.

describes the military products offered by Altera, including the
Source Control Drawings (SCDs) for military-qualified EPLDs.
The section also contains an application brief about total-dose
radiation hardness of Altera EPLDs.

provides application notes and briefs for engineers and
engineering managers who seek practical ways to reduce design
costs, improve design quality, and shorten design cycles.
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Section11 givesinformation about how to use Altera’s Electronic Bulletin
Board Service and order Altera products. This section also
shows all EPLD package outlines, describes thermal
characteristics of EPLDs, explains how to select sockets for J-
lead packages, and lists Altera sales offices, representatives,
and distributors.

[[& For immediate assistance on technical questions, please call
Altera’s Applications Hotline at:

1 (800) 800-EPLD

[[& Forinformationon productavailability, pricing, and order status,
please contact your Altera Representative or Distributor. Phone
numbers and addresses of Altera Sales Offices, Representatives,
and Distributors are listed at the end of this data book.

[[5> Should you have questions that cannot be answered by your
Sales Representative or Distributor, please call Altera’s Marketing
Hotline at:

1(800) SOS-EPLD
or contact Altera by FAX at:
408-248-6924
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i Programmable Logic Devices (also described as PLD, PAL, PLA, FPLA,
Introduction EPLgl;, EEPLD, LCE and FPGA devices), combine the logistical advantages
of standard, fixed integrated circuits with the architectural flexibility of
custom devices. These devices allow engineers to electrically program
standard, off-the-shelf logic elements to meet the specific needs of their
applications. Proprietary logic functions can be designed and fabricated
in-house, eliminating the long engineering lead times, high tooling costs,
complex procurement logistics, and dedicated inventory problems
associated with custom Application-Specific Integrated Circuit (ASIC)
devices, such as gate arrays and standard cells.

The key to this “off-the-shelf ASIC” capability is CMOS EPROM technology,
which is used to create Erasable Programmable Logic Devices (EPLDs).
Altera has taken advantage of speed and density advances in CMOS
EPROM memory products to create sophisticated EPLDs that solve many
logic design problems.

Altera provides the broadest line of CMOS EPLD:s in the industry, with
products ranging in density from hundreds to thousands of gates, offered
in a variety of packages with 20 to 100 pins. Larger EPLDs, with up to
20,000 gates and over 200 pins (the EPM7000 series), are currently under
development. These EPLDs, together with Altera development software,
enable system manufacturers to create custom logic functions for a wide
variety of applications. See Figure 1.

Figure 1. Altera User-Programmable Logic Families
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EPLD
Families

EPLD:s can be used to integrate complete printed circuit boards of TTL,
PAL, and FPGA devices into a single package. EPLDs are also valuable for
prototyping high-density custom devices, which enables designers to test
markets and evaluate systems before committing to expensive engineering
development cycles and tooling charges. For most of today’s applications,
EPLDs not only ensure faster time-to-market, but also provide a lower
total cost than custom ASIC solutions.

Altera concentrates on creating high-performance device architectures
and easy-to-use, highly productive CAE software. Altera products meet
the demands of designers who require complete solutions to logic
integration that include both PAL speed and FPGA density. See Figure 2.

Figure 2, PLD Speed vs. Density

100 1,000 10,000
Usable Density

Altera offers several families of EPLDs that satisfy many common board-
and system-integration needs. EPLD families are divided into two
architectural categories: the first provides maximum flexibility for general-
purpose logic replacement; the second is specialized for performing specific
system design tasks.

3 General-purpose EPLDs are available in a variety of integration
densities, ranging from PAL replacements to high-density devices
that integrate thousands of TTL and random logic gates. These EPLDs
are designated with the EP- and EPM- prefixes.

—  The EP-series architecture includes 20- to 68-pin EPLDs that
feature zero-standby power, propagationdelays (tpp) of 12 ns, and
counter frequencies of up to 100 MHz.

Page 4
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Software
Tools

- The EPM5000-series Multiple Array MatriX (MAX) architecture
includes 20- to 100-pin EPLDs that combine the high speed and
ease-of-use of PAL devices with the density of FPGA devices.
High-density MAX EPLDs can consolidate 20 to 25 PAL packages
and over 100 TTL functions, while offering system clock rates of
50 MHz.

Altera is also developing the next generation of EPLDs—the EPM7000
series—that will provide integration densities of 1,500 to 20,000 gates,
with additional increases in system speed.

O Function-specific EPLDs provide optimized integration for specific
system design tasks. They are classified on the basis of their system
design focus and are designated with the EPB- and EPS- prefixes.

-  EPB-series EPLDs are bus-oriented devices designed to integrate
all the required add-on card logjic for a Micro Channel bus interface.

-  EPS-series EPLD:s offer the logic and speed required for complex
control logic, state machines, and imaging and display
applications. EPS-series EPLDs include the Stand-Alone
Microsequencer (SAM) and Synchronous Timing Generator (STG)
EPLDs.

EPLDs are offered in a variety of packages, including the dual in-line
package (DIP), J-lead chip carrier JLCC), small-outline integrated circuit
(SOIC), quad flat pack (QFP), and pin-grid array (PGA). EPLDs are available
in windowed (erasable) ceramic packages for development, or one-time-
programmable plastic versions for high-volume production requirements.

Altera software products are developed together with the EPLD
architectures, so features are placed where they are mostappropriate—in
either software or hardware. The result is efficient software tools that offer
familiar design entry methods and rapid design completion. (See Figure 3.)
With Altera’s CAE development tools, users can take a logic circuit from
design entry to device programming in a matter of hours. Design processing
is typically completed in minutes, allowing several design iterations to be
completed in a single day.

Figure 3. EPLD Design Methodology: From Concept to Silicon in Hours

Design Design Design Design EPLD System
Concept Entry Processing | | Simulation | | Programming Test
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Altera software is available for PC-AT (or compatible), PS/2, and
workstationcomputers (Apollo, Sun, and IBM). Several design entry options
areavailable: hierarchical schematic capture (with basic gate and complete
TTL libraries), the Altera Hardware Description Language (AHDL), Boolean
equation, state machine, truth table, netlist, and microcoded assembly
language. (See Figure 4.) Design entry methods may be freely combined to
create asingle EPLD design. Design processors perform minimization and
logic synthesis, design fitting (analogous to automatic place-and-route),
and generate programming data. Design verification via functional
simulation, timing simulation, and delay prediction for speed-critical paths
is also available. Hardware for programming EPLDs is offered by Altera
and a variety of third-party vendors.

Figure 4, Altera Design Environment
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EPLD
Architecture

Basic
Concepts

Software interfaces to other design tools are provided by Altera and third-
party translators, and via industry-standard EDIF netlists. Many third-
party compilers also support Altera EPLDs directly.

The following discussion of EPLD architecture is provided for interested
readers. Note, however, that the Altera approach to logic design eliminates
the necessity of mastering the inner complexities of EPLD architectures.
The user may work with familiar design entry tools (e.g., TTL functions or
a high-level state machine language), and the Altera software automatically
translates the design into the format required to fit the EPLD architecture.
For detailed architecture and pin-out descriptions for each device, refer to
individual EPLD data sheets in this data book.

Altera general-purpose EPLDs provide dedicated input pins, user-
configurable I/O pins, and programmable flip-flop and clock options that
ensure maximum flexibility for integrating random logic functions.

Each EPLD also contains an AND array that provides product terms. A
product term is simply an n-input AND gate, where 7 is the number of
connections. EPLD schematics use a shorthand AND-array notation to
represent several large AND gates with common inputs. Figure 5 shows
three different representations of the same logic function. Circuit I is
presented in classic logic notation; circuit Il has been modified toa sum-of-
products notation; and circuit III is written in AND-array notation. A dot
represents a connection between an input (vertical wire) and one of the 8-
input AND gates. No dot implies no connection: the AND gate input is
unused and floats to a logic 1.

Figure 5. AND-Array Notation

Circuit I: Typical Circuit

Circuit [ll: Circuit Il with 8-input AND-gates in AND-array notation

Anad
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Circuit Ii: Circuit 1 drawn with complementary output
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N+12«/13+11%14

11 12 13 14
H*x2%/I3+11 * 14
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Macrocell
Architecture

The 2x8 AND-array of circuit IIl can produce any Boolean function of four
variables (provided only two product terms are required) when expressed
in sum-of-products form. Any Boolean expression—no matter how
complex—can be written in sum-of-products form. Outputs of the two
AND gates in Figure 5 are called product terms (or p-terms).

The fundamental building block of an Altera EPLD is the macrocell. Each
macrocell consists of three parts (see Figure 6):

O Thelogic array implements all combinatorial logic functions.

O The programmable register provides D, T, JK, or SR options (the
register can also be bypassed).

O Programmable]/O allows eachI/O pin to be configured for dedicated
input, output, or bidirectional operation.

Figure 6. The Macrocell
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Logic Array

The logic array consists of such a programmable-AND/fixed-OR PLA
array. Inputs to the AND array come from the true and complement of the
dedicated input and clock pins, and from the macrocell and I/O feedback
paths.

For each macrocell, the logic array typically contains 10 product terms that
are distributed among the combinatorial and sequential resources. (See
Figure 7.) Connections are opened during the programming process.
Therefore, any product term may be connected to the true and complement
of any array input signal. When both the true and complement of any
signal are left intact, a logic low (0) results on the output of the product
term. If both the true and complement connection are open, a logical
“don’t care” results for that input. If all inputs for the product term are
programmed opened, a logic high (1) results on the output of the product
term.

Page 8
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Figure 7. Detailed EPLD Macrocell Architecture
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Several product terms feed a fixed OR whose output connects to an
exclusive-OR (XOR) gate. The second input to the XOR functionis controlled
by a programmable resource (usually a product term) that allows the logic
array output to be inverted. Altera software uses this gate to implement
active-high or active-low logic, complex mutually exclusive and arithmetic
functions, or to reduce the number of product terms to implement a
function (by applying De Morgan’s inversion). Figure 8 shows an OR
function that, in its current form, requires six product terms. By using the
“programmable” XOR gate and De Morgan'’s inversion, the OR function
can be transformed into a NAND function:

A+B+C+D+E+F = /(/Ax/B»/Cx/D*/Ex/F)

This inversion from OR to AND translates the equation and reduces the
number of fixed-OR terms required in the logic array. Altera software
automatically applies De Morgan’s inversion and other logic synthesis
techniques to optimize the use of the logic array.

P rogram mable Programmable flip-flops are used to create a variety of logic functions that
. use a minimum of EPLD resources. Each flip-flop can be programmed to
FI |P"F|0PS provide a conventional D-, JK-, T-, or SR-type function. MAX EPLD flip-
flops can also be configured as flow-through latches. If the flip-flop is not

required for macrocell logic, it may be simply bypassed. Macrocell flip-

Altera Corporation Page ﬂ
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Figure 8. Logic Minimization with De Morgan’s Inversion
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flops also have an asynchronous Clear and Preset capability that allows
complete emulation of any TTL function.

In general-purpose EPLDs (except the EP330 and EP320), each internal
flip-flop may be clocked from a dedicated system clock (also known as a
synchronous clock), any input or I/O pin, or any internal logic function.
For each flip-flop, a multiplexer selects either a pin or product-term source
for the clock, so that flip-flops can be clocked independently or in user-
defined groups. EPLD registers are positive-edge-triggered with data
transitions that occur on the rising edge of the dedicated system clock.

When the clock is driven by a product term, flip-flops can be configured for
either positive- or negative-edge-triggered operation. Inaddition, product-
term clocks allow gated-clock and clock-enable logic to be implemented.
However, system clock signals have faster clock-to-output delay times
than internally generated product-term clock signals.

The EPLD 1/O control block contains a tri-state buffer controlled by a
macrocell product term, and drives the I/O pin (see Figure 9). I/O pins
may be configured as dedicated outputs, bidirectional outputs, or as
additional dedicated inputs. Most EPLDs have “dual feedback,” whereby
the macrocell feedback is decoupled from the I/O pin feedback. Dual
feedback makes it possible to implement a buried function in the macrocell
while thel/O pinis used simultaneously as a dedicated input. Applications
that require many buried flip-flops (such as counters, shift registers, and

Page 10
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Figure 9. /O Control Block
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state machines or bus-oriented functions) are easily accommodated by this
programmable I/O control block.

CMOS technology generally implies lower power dissipation than older
bipolar technology. In fact, Altera pioneered true “zero-standby” power
operation. By using a unique input-transition detection scheme, most
EP-series EPLDs use only microamps during quiescent periods. This feature
saves power in applications clocked at low to medium frequencies (< 10
MHz). Each input is connected to a transition-detection circuit consisting
of an XOR gate, a delay element, and an OR gate. The trigger output of the
OR gate activates logic array power-up on any transition, allowing new
input conditions to propagate to EPLD outputs. The logic array is then
automatically powered down to await the next transition. The transition-
detection circuitry adds an additional 30 to 40% delay to the EPLD input/
output path. Consequently, a programmable “Turbo Bit” is provided to
disable the input transition detection circuitry and permanently enable the
logic array, giving the user a choice of either extra speed or lower power
consumption. The EPLD also exhibits better system noise rejection
characteristics in the turbo mode, which should be used where noisy
environments are a problem. The Turbo Bit is included in the EPLD
programming file and is programmed in the same way as any other

EPROM bit.

Until Altera invented the first EPLD in 1984 (the EP300), the only technology
used for Programmable Logic Devices (PLDs) was bipolarand fuse-based.
The active elements on these devices were constructed from traditional
bipolar transistors (i.e., TTL), with arrays of fuses providing programmable
interconnect structures. These fuse elements consisted of a variety of exotic
metal alloys and/or polysilicon structures. However, all relied on opening
connections by passing large currents through their small geometries,
thereby physically destroying the fuses.

The melting process in bipolar PLD fuses is difficult to control and often
results in poor and unpredictable programming yields. Since the process is

Altera Corporation
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irreversible, guaranteed results are impossible. The power-hungry bipolar
technology also severely limits integration levels. Altera’s pioneering efforts
have replaced bipolar technology with CMOS, and fuses with
reprogrammable EPROM bits. These bits are much smaller than fuses,
electrically programmable, and UV-erasable. EPLDs are fully factory-
tested, guaranteeing 100% programming yield at the customer site. CMOS
technology also provides low-power operation that allows higher
integrationlevels.

The EPROM cell operates via floating-gate charge injection. The
programming process consists of placing sufficient voltage (typically >12 V)
on the drain of the transistor to create a strong electric field and energize
electrons to jump from the drain region to the floating gate. Electrons are
attracted to the floating gate and become trapped when the voltage is
removed. If the gate remains at a low voltage during programming,
electronsare not attracted and the floating gate remains uncharged. Trapped
charge changes the threshold of the EPROM cell from a relatively low
value with no charge present (“erased”) to a higher value when
programmed. Figure 10 shows a basic cross-section of the cell technology.

Figure 10. CMOS EPLD Technology
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Within the EPLD’s programmable array, a sense amplifier/comparator
circuit is placed at the end of each product-term line; by setting a reference
voltage into the circuit—halfway between the programmed and
unprogrammed levels—the state of the EPROM cells along the product
term is sensed and used to select the desired logic function. Low-threshold
cells with a logic “1” placed on their select gates (associated input) tend to
pull the product-term line down and cause the logic term to go to a “0.”
Transistors with high thresholds do not conduct even when their gates are
at a logic 1, and effectively represent a no-connect. This technology—
pioneered with EPROM memory in the early 1970’'s—made it possible to
build Altera EPLDs that can be tested, programmed, and operated reliably.
Altera devices currently use state-of-the-art 0.8-micron, CMOS EPROM
technology; work is underway to move to even smaller geometries. Because
the basic logic array consists of N-channel EPROM transistors, EPLD
characteristics are optimized to maximize performance of the N-channel
device. This approach minimizes overall input-to-output delays on the
chip.

EPROM Cell To ensure reliable operation in user systems, all EPLDs undergo substantial
. factory testing prior to shipment. Foremost among these tests are cell-
Marg'“ margin tests, which guarantee the in-service retention of EPROM bit
programming,. Cell-margin testing determines the amountof charge trapped

on the floating gate structure.

Charge loss occurs when electrons leak from the floating gate structure
over time, and results in a net reduction in programmed cell threshold.
Charge gain results from an accumulation of charge on the floating gate,
usually caused by electric fields produced by operating the EPLD. Since
charge loss and charge gain mechanisms can affect program retention,
Altera reliability evaluation includes EPLD burn-in at temperatures of up
to 250° C for periods of a week or more. This burn-in period corresponds to
>100,000 years of operation at 70° C.

Figure 11 illustrates the concept of cell margin. As
mentioned earlier, EPROM arrays depend on cell threshold
shifts for correct operation. Zeroand One I-V characteristics

Figure 11. EPROM Cell Margin

Charge for the EPROM cell are shown. Program margin is a
? Loss measure of the spread between the actual device threshold
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Current / operation.
through !
Cell Program /
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7 special test modes that allow EPROM-bit gate voltages to
,/ et be controlled externally. Cell margins are measured by
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Voltage (Ve ) on select gate —— > cell charge and retention.
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Prog ramming Figure 12 shows a typical programming cycle for Altera EPLDs. The

normal programming procedure consists of the following steps:

Figure 12. Programming Waveforms

1. The programming pin (Vpp) is raised to the super-
high-input level (nominally 12.5 V).

Vep \

(Pin 13) \ 2. Row and column addresses are placed on the
designated pins.
Address Valid Address Pins 2, 11, .
15t023 3. Programming data is placed on the designated
Program pins.

Pin 1 5 4. The programming algorithm is executed with a
Data > < Data in Stable Data sequence of 100-us programming pulses separated

o Pins 31010 }_@ by program verify cycles.

ig——— Program ——piq— Verify

5. Overprogram or margin pulses may be applied to

Latch-Up

doubly ensure EPLD programming.

The programming operation is typically performed eight bits at a time on
either Altera-supplied or other approved programming hardware. Altera
EPLDs also feature a Security Bit (i.e., verify-protect bit) that can be
programmed to prevent any interrogation of the device’s contents. This bit
can be set during the programming process to ensure EPLD design security.

Parasitic bipolar transistors are present in the fundamental structure of
CMOS devices. Typically, the base-emitter and base-collector junctions of
these transistors are not forward-biased, so the transistors are not turned
on. Figure 13 shows a cross-section of a CMOS wafer and primary parasitic
transistors. By connecting the P-type substrate to the most negative voltage
available on-chip (Vgs) and the N-type well structure to the most positive
voltage on-chip (Vo), all junctions should, in theory, remain reverse-
biased. However, two factors can alter this ideal state.

Figure 13. Parasitic Bipolar Transistors in CMOS

As shownin Figure 13, parasitic resistors also
occur in the CMOS structure. These resistors

Source of Latch-Up are of no concern as long as currents do not

flow through the structure laterally. But if

Gt GND G2 | any of the associated diodes turn on for any

T
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reason, I-R drops may occur in the structure.

T
% ‘g & Ly I—NTLI 3 The initial turn-on of these diodes usually is
PNP 01(1 A1 Q2 the result of power-supply or I/O-pin
J

N-Well NPN transients that exceed the limits of Vg5 and
L . ° livd Vce. These transients may be induced by
P sﬁs"ate signal ringing and other inductive effects in

the system.
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A problem may exist if parasitic structures begin to conduct, since the
effect is regenerative and reinforces itself until potentially destructive
currents flow. This is the silicon-controlled rectifier (SCR) effect called
“latch-up.” As current flows through the parasitic transistor, the I-R drop
through the resistor increases, further forward-biasing the base-emitter
junction, as shown in Figure 13. The cycle continues until the current is
limited by drops in the primary current path. However, this current might
reach a level that permanently damages internal circuitry.

Altera components have been designed to minimize the effects of latch-up,
including power-supply and I/O-pin transients. Under reasonable system
operating conditions, all EPLDs are guaranteed to withstand input voltage
extremes of between Vgg—1 V and V¢ + 1V, as well as input currents of
100 mA or less that are forced through the device pins. To minimize the
possibility of inducing latch-up, Altera recommends a few general system
design guidelines for power and input sequencing to the EPLD. For example,
voltages and logic inputs should be applied in the following order:

1. Vgor GND
2. Vec(#5V)
3. Inputs

When removing power from the EPLD, the order should be reversed: first,
inputs are removed or taken low, then V¢ is removed or lowered.
Simultaneous application of inputs and V¢ to the device, which might
occur as a power supply ramps during power-up, should be safe. Care
should be taken to ensure that inputs cannot rise faster than supply under
extreme conditions.

Figure 14. Hot Socket Protection

Board
vCC

Board Edge
Connector

In some applications, boards are “hot-socketed” in the
field. The circuitry shown in Figure 14is recommended
to ensure that latch-up-inducing levels are not applied
to the EPLD under these conditions. Normally, this
circuitry is required only if the EPLD has inputs tied
directly to the edge connector. The diodes clamp the
Atera  inputsat acceptable levels and the series resistor further
P2 limits the injection of current into the EPLD inputand
clamp diodes. This interface provides maximum
protection.

Electrostatic
Discharge

Electrostatic discharge (ESD) can cause device failure when improper
handling occurs. EPLD handling during the programming cycle increases
exposure to potential static-induced failure. Voltages into the tens of
kilovolts can be generated by the human body during normal activity.
Wearing ground straps during device handling and grounding all surfaces
that come in contact with components reduce the likelihood of damage.

Altera Corporation
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Figure 15, EPLD Input Protection Structure Altera components include special structures

Input

Thick Oxide
Transistor

Diffused Resistor

that reduce the effects of ESD at the pins.
Figure 15 shows a typical input structure.
Diode structures as well as specialized field-
effect transistors shunt harmful voltages to
ground before destructive currents will flow.
Altera EPLDs typically withstand ESD
Substrate voltages >2kV, and are thus safe under
(GND) normal handling conditions.

Thin Field
Transistor

- Output Drive
Characteristics

System
Noise

The CMOS push-pull output stages used on Altera EPLDs provide good
AC and DC load-driving capability in a system environment. Io; and Ioy
specifications for general-purpose EPLDs are guaranteed at 4 mA to24 mA,
depending on the device. AC output characteristics are typically specified
with 35 pF output loads. Additional output capacitive loading affects the
device output delay. The timing parameter used is tpp (input-output
combinatorial delay). The incremental delay per picofarad of capacitance
is typically < 0.1 ns at room temperature.

Large switching currents can flow through power supply and output pins
during high-performance operation. If a 50-pF capacitor is charged from
0 to5 Vin 10 ns, a dynamic current of 24 mA will flow. If 24 outputs onan
EPLD switch simultaneously (for example, in an EP910), the total transient
current can exceed 600 mA! This current can severely degrade V¢ supply
voltage due to the inductive properties of the device and system
environment. Figure 16 shows the distribution of typical inductances that
can contribute to the problem.

Figure 16. Board-Level Noise Problem

The key to controlling these inductive effects is to
adequately decouple the V¢ supply to ground at each

Vee
L soaro vee

—=  EPLD with a suitable capacitor or combination of
capacitors. This capacitor can then act as a reservoir of
charge to supply the transient switching needs of the

LDEV vee

Device
Output
Driver

device. It is recommended that a 0.2 uF capacitor be
connected from each V¢ pin to ground at the device.
High-quality capacitors with low internal and lead
inductance (monolithic ceramic or tantalum) should
be used, and leads must be kept short to limit series

Loevm

inductance that degrades capacitor effectiveness.
Careful decoupling of the power supply is good design

practice.

Laoaro avo
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Introduction

This Product Selection Guide summarizes the range of available products
from Altera:

aaooaaon

General-purpose EPLDs

Function-specific EPLDs

Military-qualified EPLDs
Programmable logic development systems

Programmable logic software

Software warranty

Programming hardware
Programming adapters

For detailed descriptions of the Altera products listed here, refer to the
individual data sheets in this data book and to the Micro Channel Adapter
Handbook.
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E PM_ i Table 1 provides information on the MAX (Multiple Array MatriX) general-
Series purpose family of EPLDs. MAX (or EPM-series) EPLDs are suitable for

E PLDS register-intensive random logic, TTL, and PAL integration.
Table 1. General-Purpose EPM-Series MAX EPLDs
EPLD Package | Temp. | Speed | tpps | fmax [lccs (mA)|lccy (mA)|Macrocells |Dedicated | /O | Number
(1) ] (3) | Option | (ns) | (MHz) | Active | Standby |(Registers) Inputs of Pins

EPM5192|J,LLGQW| C -1 25 62.5 380 360 192 8 64 |84; 100
EPM5192( J,LLGQW| C -2 30 50.0 380 360 192 8 64 | 84; 100
EPM5192( J,LLGQW]| CIM 35 40.0 380 360 192 8 64 | 84; 100
EPM5130] G,QW C -1 25 62.5 275 250 128 20 64| 100
EPM5130; G,QW C -2 30 50.0 275 250 128 20 64| 100
EPM5130; GQW | CIM 35 40.0 275 250 128 20 64| 100
EPMS5128|J.L.GQW| C -1 25 62.5 250 225 128 8 52 68
EPM5128|J,LLGQW| C -2 30 50.0 250 225 128 8 52 68
EPM5128|J,L.GQW| CIM 35 40.0 250 225 128 8 52 68
EPM5064 J,L C -1 25 62.5 135 125 64 8 28 44
EPM5064 JL C -2 30 50.0 135 125 64 8 28 44
EPM5064 J,L C.IM 35 40.0 135 125 64 8 28 44
EPM5032} D,P,J,L,S C -1 15 83.3 155 150 32 8 16 28
EPM5032 D,P,J.L,S C -2 20 71.4 155 150 32 8 16 28
EPM5032} D,PJ LS| CIM 25 62.5 155 150 32 8 16 28
EPM5016| D,PJ,L,S C -1 15 | 100.0 115 110 16 8 8 20
EPM5016| D,PJ.L,S C -2 17 83.3 115 110 16 8 8 20
EPM5016| D,PJLS | CIM 20 62.5 115 110 16 8 8 20

Notes to Table 1:

(1)  Preliminary data is shown for some parameters. Consult individual device data sheets for
complete information.

(2) Package configurations:
D:  Windowed ceramic dual in-line (CerDIP)

One-time-programmable plastic dual in-line (PDIP)

Windowed ceramic J-lead chip carrier JLCC)

One-time-programmable plastic J-lead chip carrier (PLCC)

Windowed ceramic pin-grid array (PGA)

One-time-programmable plastic small-outline integrated circuit (SOIC)

One-time-programmable plastic quad flat pack (PQFP)

Windowed ceramic quad flat pack (WQFP)

(3) C = Commercial (0° C to +70° C); I = Industrial/Automotive (-40° C to +85° C);
M =Military (-55° C to +125° C).

sQeOET
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EP-Series Table 2 gives information on the “classic” family of general-purpose, zero-
standby-power EPLDs. Classic (or EP-series) EPLDs are suitable for random

EPLDs logic, TTL, and PAL integration.

Table 2. General-Purpose EP-Series Classic EPLDs

EPLD | Package |Temp. | Speed | tppq | fuax |lccs (mA){1ceq (mA)| Macrocells | Dedicated | 10 | Number

(1) (2 (3) | Option | (ns) |(MHz) | Active | Standby | (Registers) Inputs of Pins

EP1830| JL.G o -20 20 | 625| 0.15 200 48 16 48 68
EP1830( JL,G c -25 25 | 50.0 0.15 200 48 16 48 68
EP1830( JLG |[CIM| 30 30 | 41.7| 0.5 200 48 16 48 68
EP1810| J,LG c =35 35 | 400 0.15 180 48 16 48 68
EP1810| J,LG C) -40 40 [ 367 | 0.15 180 48 16 48 68
EP1810f JLG [CIM]| —45 45 | 333 0.15 180 48 16 48 68
EP910 | D,P,JL Cc -30 30 | 41.7| 0.10 80 24 12 24 | 40;44
EPS10 | DPJL | CI | 35 35 [ 370| 0.10 80 24 12 24 | 40;44
EP910 | DP,JL [CIM]| 40 40 | 323 0.10 80 24 12 24 | 40;44
EP610A{DPJLS| C -12 12 | 83.3 (130 130 16 4 161 24;28
EP610A|D,PJLS| C -15 15 | 83.3 {130 130 16 4 16 | 24;28
EP630 |D,PJLS| C -15 15 ] 83.0| 0.15 90 16 4 16| 24;28
EP630 |D,PJLS|CIM| 20 20 | 625| 0.15 90 16 4 16| 24;28
EP610 |D,PJLS| C -25 25 | 476} 0.10 60 16 4 16| 24;28
EP610 |D,PJLS| CI | 30 30 | 41.7| 0.10 60 16 4 16| 24;28
EP6t0 |[DPJLS|CILM| 35 35 | 37.0( 0.10 60 16 4 16 | 24,28
EP330 | DPLS | C -12 12 125 75 75 8 10 8 20
EP330 |DPLS |CIM]| 15 15 [100 75 75 8 10 8 20
EP320 D,P Cc -1 29 | 465| O0.15 30 8 10 8 20
EP320 D,P C -2 34 | 405 0.15 30 8 10 8 20
EP320 D,P C.IM 44 | 303 0.15 30 8 10 8 20

Notes to Table 2:
(1) Preliminary data is shown for some parameters. Consult individual device data sheets for
complete information.
) Package configurations:
Windowed ceramic dual in-line (CerDIP)
One-time-programmable plastic dual in-line (plastic DIP)
Windowed ceramic J-lead chip carrier (JLCC)
One-time-programmable plastic J-lead chip carrier (PLCC)
Windowed ceramic pin-grid array (PGA)

SEdalobebds

One-time-programmable plastic small-outline integrated circuit (SOIC)

3 C Commercial (0° C to +70° C); I = Industrial/Automotive (—40° C to +85° C);
M = Military (-55°C to +125° C).

Altera Corporation
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Function-

Specific
EPLDs

Table 3 provides information on the function-specific Stand-Alone
Microsequencer (SAM) and Synchronous Timing Generator (STG) EPLDs.
These EPS-series EPLDs are suitable for implementing high-performance
state machines, waveform generators, and control logic.

Table 4 gives information on the Micro Channel bus interface (EPB-series)
EPLDs, which provideall the essential functions to interface a PS/2 add-on
card with the Micro Channel bus. (Refer to the Micro Channel Adapter
Handbook for detailed information on EPB-series EPLDs.)

Table 3. EPS-Series SAM and STG EPLDs

EPLD Pkg. |[Temp.|Speed | fyax |!cca (MA)| ey (mA)|Microcode | Branch | Stack |Dedicated |VO |No. of
] ] (3) |Option |(MHz) | Active | Standby | EPROM EPLD Inputs Pins
EPS448|DPJL| C | =30 | 30 140 95 448x 36 |768 p-term{15x 8 8 16| 28
EPS448|D,PJL| C -25 25 140 95 448x 36 |768 p-term|15x 8 8 16] 28
EPS448/ DPJLICIM| —20 | 20 140 95 448x 36 (768 p-term|15x 8 8 16| 28
EPS464|JLQW| C Preliminary Information—consult factory 4 32| 44
Table 4. EPB-Series Micro Channel Bus Interface EPLDs
EPLD Package | Temperature Description Number
(1) 2 3 of Pins
EPB2001 J,L C Single-chip interface adapter for PS/2 Micro Channel 84
EPB2002A LP c DMA arbitration support chip for PS/2 Micro Channel 28

Notes to Tables 3 & 4:

(1)  Preliminary data is shown for some parameters. Consult individual device data sheets for
complete information.

2 Packa ge configurations:

Windowed ceramic dual in-line (CerDIP)

One-time-programmable plastic dual in-line (PDIP)

Windowed ceramic J-lead chip carrier (JLCC)

One-time-programmable plastic J-lead chip carrier (PLCC)

One—tune—programmable plastic quad flat pack (PQFP)

Windowed ceramic quad flat pack WQFP)

[€)) C Commerqal (0°C to +70°C); I=Industrial/ Automotive (-40° C to +85°C); M = Military
(-55° C to +125° C).

2»9!7“-‘-“!?0

| Page 20

Altera Corporatioﬂ




I Product Selection Guide ]

Mllltary- Table 5 provides information on Altera’s military-qualified MAX
e (EPM5000-series) EPLDs; Table 6 gives information on military-qualified
Qualified classic (EP-series) EPLDs.
EPLDs
Table 5. Military-Qualified EPM-Series MAX EPLDs
EPLD  {Pkg. | Assurance | tppy | fmax |lccs (mA) | lcoy (mA) [ Macrocells | Dedicated |10 | Number | Altera Mil.
(1) (2) | Level (3) |(ns) |(MHz) | Active | Standby |(Registers) Inputs of Pins | Drawing (4)
EPM5128 | J B 35 | 40.0 | 350 300 128 8 52| 68 |02D-00827
EPM5128 | G 8838 35 | 40.0 | 350 300 128 8 52| 68 |02D-00827
EPM5064 | J 8838 35 [ 400} 225 200 64 8 28| 44 ]02D-00968
EPMS5032 |D,J| 883B 25 | 625 | 225 200 32 8 16| 28 |02D-00828
EPM5016 | D 883B 20 | 625 | 175 150 16 8 8| 20 |02D-00967

Notes to Table 5:

(1) Al military-qualified EPLDs are rated to military temperatures (-55° C to +125° C).
Preliminary data is shown for some other parameters. Consult individual device data
sheets for complete information.

(2) Package configurations:

D:  Windowed ceramic dual in-line (CerDIP)
J:  Windowed ceramic J-lead chip carrier JLCC)
G:  Windowed ceramic pin-grid array (PGA)

(3) Product Assurance Levels:
883B: Processed to MIL-STD-883, current revision.

B: Fully compliant with deviation to MIL-STD-883, current revision. (Consult
Altera for information on specific deviations.)

DESC: DESC Standard Military Drawing (SMD). Consult Altera or DESC for
availability.

(4) A Military Product Drawing (MPD) is prepared in accordance with the appropriate
military specification format. When a Source Control Drawing (SCD) is necessary, the
appropriate MPD is required for proper SCD preparation.
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Table 6. Military-Qualified EP-Series Classic EPLDs
EPLD Pkg. | Assurance | tppy | fmax |lccs (mA) | logs (mA) | Macrocells |Dedicated | VO | Number | Altera Mil.

(1) (2) | Level (3) | (ns) {(MH2) | Active [ Standby |(Registers) Inputs of Pins | Drawing (4)
EP1810 J B 45 | 33.3 | 240 0.9 48 16 48 68 |02D-00782
EP1810 G 883B 45 | 33.3 ( 240 0.9 48 16 48 68 02D-00782
8946901XX | J DESC 45 | 33.3 | 240 09 48 16 48 68
8946901YC| G DESC 45 | 33.3| 240 0.9 48 16 48 68
EP1800 J B 75 | 18.2 | 180 48 16 48 68 |02D-00509
EP1800 G 883B 75 |1 18.2 | 180 443 16 48 68 |02D-00205
8854901YC| G DESC 90 | 16.1 150 48 16 48 68
8854902YC| G DESC 75 | 18.2| 180 48 16 48 68
EP910 D 883B 40 | 323 | 150 0.9 24 12 24 40 {02D-00935
EP910 J B 40 | 32.3 [ 150 0.9 24 12 24 44 | 02D-00935
EP900 D 8838 60 | 20.0 | 100 24 12 24 40 ]02D-00210
EPS00 J B 60 | 20.0 | 100 24 12 24 44 |02D-00521
8854801QA| D DESC 60 | 20.0 ( 100 24 12 24 40
8854801XX| J DESC 60 | 20.0 [ 100 24 12 24 40
EP610 D 8838 35 |37.0| 100 0.9 16 4 16 24 {02D-00522
EP610 J 883BX | 35 | 370 100 0.9 16 4 16 28 |02D-00522
8947601LX | D DESC 35 [ 37.0( 100 0.9 16 4 16 24
8947601XX | J DESC 35 |37.0| 100 0.9 16 4 16 28
EP600 D 8838 565 | 22.2 60 16 4 16 24 |02D-00194
EP600 J 883BX | 55| 22.2 60 16 4 16 28 102D-00194
8686401LA| D DESC 556 | 22.2 60 16 4 16 24
8686401XX| J DESC 56 | 22.2 60 16 4 16 28
EP320 D 883B 45 | 30.3 40 8 10 8 20 |02D-00209
EP310 D 883B 50 | 31.3 8 10 8 20 |02D-00179
8863501RA| D DESC 50 | 31.3 8 10 8 20

Notes to Table 6:

(1) All military-qualified EPLDs are rated to military temperatures (-55° C to +125° C).
Preliminary data is shown for some other parameters. Consult individual device data
sheets for complete information.

(2) Package configurations:

D:  Windowed ceramic dual in-line (CerDIP)
J: Windowed ceramic J-lead chip carrier JLCC)
G:  Windowed ceramic pin-grid array (PGA)
(3) Product Assurance Levels:
883B: Processed to MIL-STD-883, current revision.
883BX:  Processed to MIL-STD-883, current revision with modified J-lead package
dimension.

B: Fully compliant with deviation to MIL-STD-883, current revision. (Consult
Altera for information on specific deviations.)

DESC: DESC Standard Military Drawing (SMD). Consult Altera or DESC for
availability.

(4) A Military Product Drawing (MPD) is prepared in accordance with the appropriate
military specification format. When a Source Control Drawing (SCD) is necessary, the
appropriate MPD is required for proper SCD preparation.
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.Design Figure 1 shows the overall design environment provided by Altera
Environment development systems, software, hardware, and EPLDs.
Vi

Figure 1. Altera Design Environment

Design Entry Design Processing Design Verification
. PLS-EDIF
Third-Party Third-Party
Design . Simulation
Entry >
_ |PLS-APOLLO >
A
/ Y
Altera EPM-
Hardware | il: " | MAX+PLUS Series
Description >| MAX+PLUS Simulator (MAX)
Language
Schematic
Capture
Boolean
Equati )
quation Lo A+PLUS EP- |, _
State Machine »  A+PLUS »  Simulator Series Device
Truth Table (FSIM) _: Programming
State Machine SAM+PLUS EPS-
Assembly > SAM:PLUS >  Simulator S;:f,;
Language (SAMSIM) (
EPB-
Table MCMap Series
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Develop ment  Table7 shows the software and hardware products available from Altera.

Programmable Logic Development Systems (with the PLDS- or PLCAD-

Syste ms, prefix) are stand-alone combinations of hardware and software.
Soft & Programmable Logic Software packages (with the PLS- prefix) are
oltware . :

software-only products that may be used together with programming
Hardware hardware from Altera (e.g., PL-ASAP) or third-party manufacturers.
Table 7. Altera Software Hardware
Development Products &
$
N
& §
Y W
¥ s S/E/E )5/ S/
¥ /S /S / s/ F/ e/ S/ N/ &/¢
y /& /§/F/S/F/&/8/8/F
pttumber () / §F /& /S5 /8/S/I/ & /&/S/¥F
PLDS-ENCORE v v v v v v v v
PLDS-MAX v v vV | v |V
PLCAD-SUPREME v vV | Vv vV (v |V
PLDS2 v (3 v v v v v
PLDS-SAM v v v v v v
PLDS-MCMAP vV | Vv vV |V |V
PL-ASAP v 4 v
PLS-MAX (4
PLS-SUPREME v v
PLS-SAM v v
PLS-MCKIT v v v
PLS-EDIF v
PLS-APOLLO v (4 )
Notes to Table 7:
(1) (This note applies only to products that include Logic Programmer cards.) The part
numbers shown in the left column of this table should be used to order the LP6 Logic
Programmer card for IBM PC-AT and compatible computers. To order the LP5 card for
IBM PS/2 Model 50, 60, 70, 80, and compatible computers, append “/PS” to the part
number shown. The part numbers for individual (stand-alone) Logic Programmer cards
are PLP5 and PLP6.
(2) Seeindividual data sheets for details on adapters.
(3) Includes A+PLUS Design Processor only.
4) Incudes MAX+PLUS Compiler and MAX+PLUS TTL MacroFunction Library only.
(5) Includes EDIF netlist reader and writer customized for use with Mentor Graphics CAE
tools.
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PLDS-
ENCORE

PLDS-MAX &
PLS-MAX

PLCAD-
SUPREME &
PLS-SUPREME

PLDS2

PLDS-SAM &
PLS-SAM

PLDS-MCMAP
& PLS-MCKIT

MAX+PLUS

PLDS-ENCORE is Altera’s most comprehensive EPLD development
package. It contains MAX+PLUS, A+PLUS, SAM+PLUS, and LogicMap II
software; standard Altera programming hardware (a Logic Programmer
card and the PLE3-12A Master Programming Unit); a variety of
programming adapters; and several sample EPLDs. PLDS-ENCORE
provides all the tools needed to work with Altera EPM- (MAX), EP-
(classic), and EPS-series (SAM) EPLDs.

PLDS-MAX is a fully integrated programmable logic development system
for working with MAX (Multiple Array MatriX) EPLDs. It includes
MAX+PLUS design entry, processing, verification, and programming
software; standard Altera programming hardware; an assortment of
programmingadapters; and several sample EPLDs. PLS-MAXis a software-
only version of PLDS-MAX.

PLCAD-SUPREME is a full-featured development system for working
with EP-series (classic) EPLDs. It includes basic A+PLUS software, A+PLUS
software enhancements (LogiCaps schematic capture, State Machine entry,
TTL MacroFunctions, Altera Design Librarian [ADLIB], Functional
Simulator), LogicMap II software, standard Altera programming hardware,
several programming adapters, and selected sample EPLDs. PLS-SUPREME
is a software-only version of PLCAD-SUPREME.

PLDS2 is a basic programmable logic development system for working
with EP-series EPLDs. It includes basic A+PLUS software (the Altera
Design Processor only), LogicMap II software, standard Altera
programming hardware, one programming adapter, and sample EPLDs.

PLDS-SAM is a programmable logic development system for working
with Stand-Alone Microsequencer (SAM) EPLDs. It includes SAM+PLUS
and LogicMap II software, standard Altera programming hardware, one
programming adapter, and a sample EPLD. PLS-SAM is a software-only
version of PLDS-SAM.

PLDS-MCMAP is a programmable logic development system for working
with Micro Channel bus interface (EPB-series) EPLDs. It includes MCMap
and LogicMap II software, standard Altera programming hardware (a
Logic Programmer card and the PLE3-12A Master Programming Unit),
one programming adapter, and sample EPLDs. PLS-MCKIT contains all
PLDS-MCMAP components except the standard programming hardware.

MAX+PLUS software is a fully integrated system for entering, compiling,
simulating, and programming MAX EPLD designs. It features hierarchical
graphical and textual design entry, with schematic capture (over 300 basic
gate and TTL macrofunctions) and the Altera Hardware Description
Language (AHDL) that supports state machine, Boolean equation, and
truth table entry methods. The MAX+PLUS design compiler provides

Altera Corporation

Page 25 ]




Product Selection Guide

|

A+PLUS

SAM+PLUS

MCMap

LogicMap i

PLS-EDIF

PLS-APOLLO

logic minimization, automatic EPLD part selection, architecture
optimization, and design fitting (analogous to automatic place-and-route
for ASICs). MAX+PLUS software also supports automatic error location,
user-defined macros, full timing simulation, delay prediction for speed-
critical paths, advanced timing analysis, and a design archiver.

A+PLUS software transforms input design files into standard JEDEC files
for programming EP-series (classic) EPLDs. The Altera Design Processor
(ADP) provides logic minimization, automatic EPLD part selection,
architecture optimization, and design fitting.

Basic A+PLUS software (available in PLDS2) supports netlistand Boolean
equation design entry. A+PLUS software enhancements (provided with
PLDS-ENCORE, PLCAD-SUPREME, and PLS-SUPREME) include the
LogiCaps schematic capture and state machine design entry methods, over
100 TTL macrofunctions, the Altera Design Librarian (ADLIB) for creating
user-defined macrofunctions, and the Functional Simulator (FSIM).

SAM+PLUS software translates state machine or microcode assembly
language input design files into standard JEDEC files for programming
Stand-Alone Microsequencer (SAM) EPLDs. The SAM Design Processor
(SDP) provides logic minimization, architecture optimization, and design
fitting. SAM+PLUS also includes SAMSIM, an interactive functional
simulator created specifically for verifying SAM designs.

MCMap software implements designs for EPB-series EPLDs, which perform
all interface functions required between a PS/2 add-on card and the IBM
PS/2Micro Channel bus. It provides interactive, table-driven design entry;
performs real-time error checking; and generates a JEDEC file for device
programming.

LogicMap II software uses standard Altera hardware and the JEDEC
programming file created by A+PLUS, SAM+PLUS, and MCMap design
processing to program Altera EP-series, SAM, and EPB-series EPLDs.

PLS-EDIF is a bidirectional EDIF2 0 0 netlist interface for transferring
designs between PC-based MAX+PLUS software and PC- or workstation-
based third-party design entry and logic verification tools. PLS-EDIF
supports Dazix, Mentor Graphics, Valid Logic, and Viewlogic CAE tools.

PLS-APOLLO provides an Apollo workstation-compatible version of the
popular MAX+PLUS design compiler, and a bidirectional EDIF2 0 0
netlist interface for transferring designs between this compiler and Mentor
Graphics design entry and logic verification tools. PLS-APOLLO also
includes the MAX+PLUS TTL MacroFunction Library (with over 300 basic
gate and TTL macrofunctions), which can be used with the Altera Hardware
Description Language (AHDL) for state machine, Boolean equation, and
truth table design entry.

Page 26
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PLAESW-PC

PL-ASAP

LP5 & LP6

PLE3-12A

Adapters

PLAESW-PC is a renewable, one-year software warranty agreement for
PC-based development products. It provides software and documentation
updates for all registered owners of Altera’s PC-based development systems.

PL-ASAP (the Altera Stand-Alone Programmer) contains the hardware
and software needed to set up an independent programming station
capable of programming all Altera EPLDs. Itincludes an LP5 or LP6 Logic
Programmer card, the PLE3-12A Master Programming Unit, and
LogicMap II device programming software. (No design entry, processing,
or simulation tools are included.)

The LP5 and LP6 are software-controlled Logic Programmer cards for use
with all Altera programmable logic development systems. The LP5 card
interfaces with IBM PS/2 Model 50, 60, 70, and 80 (or compatible) personal
computers; the LP6 card interfaces with IBM PC-AT (or compatible) personal
computers.

The PLE3-12A Master Programming Unit serves as the base unit for
programming all Altera EPLDs. It can directly program EP310, EP320, and
EP330 DIP EPLDs; adapters are required to program all other EPLDs.

Table 8 shows the adapters available for Altera EPLDs. (Adapter names
consist of the four-letter prefix shown on the left, plus the corresponding
number on the right.) Individual adapters can be ordered separately.

Table 8. Programming Adapters
5192 | 5130 | 5128 | 5064 | 5032 | 5024 | 5016 | 1830 | 1810 | 910 | 630 | 610 | 330 | 448 | 2001
mimie@)e|e
PLED viv|v viv|iv|iv]|v
(dual in-line package)
PLEJ.. v Vi iv | )6v viviv v ivI|ivVv IV vV | v
(J-lead chip carrier)
P'_'EG, viv ] v v | v
(pin-grid array)
PLEQ v ilv
(quad flat pack)
PLES
v
(small-outline I1C) viviY v
Notes to Table 8:

(1) Programs EP1800-series EPLDs.
(2) Programs EP900-series EPLDs.
(3)  Programs EP600-series EPLDs.

[ Altera Corporation
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EP-Series A High-Speed, Low-Power
EPLDs Integration Solution

48 ~ A EPM1830, EPM1810
tpp=20ns,35ns
24 A EP910
tpp=30ns
DENSITY PO
{Macrocells)
16 1 A EP640, EP630, EP610

tpp=12ns,15ns,25ns

8 A EP330, EP320
tep=12ns,30ns

| | ! I
16 24 32 64

USER 'O

O The Altera EP-series classic EPLDs offer O A fullselection of packagesis available,

the industry’s most comprehensive including DIP, J-lead, PGA, and SOIC
solution to high-speed, low-power logic footprints in windowed ceramic and
integration. plastic one-time-programmable (OTP)

O EP-series architecture combines the chip-carrier packages.

familiarity of PALs with superior (3 EP1800-series designs can be easily
macrocell and I/O flexibility. converted to custom masked silicon for

O The EP-series structure allows designers very-high-volume production.

to use the same architecture to solvea (3 EP-series EPLDs are supported with
broad range of integration problems. A+PLUS design tools that allow design

O In non-turbo (or standby) mode, these entry, corr}pilation, simulation, and
EPLDs consume very low power. programming on an IBM PC-AT or

PS/2 (and tibl ter.
O Non-volatile EPROM technology aids /2 (and compatible) computer

prototype development. O Multiple design entry options are

available, including schematic capture,
truth table, state machine, Boolean
equation, and netlist.

O These EPLDs easily integrate multiple
standard 20-pin PAL and GAL devices.

O High pin-to-macrocell ratio is ideal for

inintensive desi Logic compilation and fitting is
pin-intensive designs.

performed in minutes.
O The series provides tpp as low as 12 ns 5
and internal counter rates as high as
100 MHz.

Extensive third-party support is
available for design entry, compilation,
and programming.
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Features

General
Description

O O oaad o Q

Low-power, direct replacement for GAL 16V8 and most 20-pin PAL
devices

8 macrocells with configurable 1/O architecture, allowmg up to 18
inputs and 8 outputs

High speed (EP330 tpp = 12 ns)

EP320 offers “zero power” (typically 10 pA standby)

100% generically testable to provide 100% programming yield
Available in 20-pin windowed ceramic DIP, and plastic DIP, J-lead, and
SOIC packages

A+PLUS software support featuring schematic capture, Boolean
equation, state machine, truth table, and netlist design entry methods
Extensive third-party software and programming support

Altera’s EP300-series Erasable Programmable Logic Devices (EPLDs)
provides a high-speed, low-power pin-compatible replacement for 20-pin
programmable logic devices such as PALs and GALs. EP300-series EPLDs

are available in 20-pin windowed ceramic DIP, and plastic one-time-
programmable (OTP) DIP, J-lead (PLCC), and SOIC packages. See Figure 1.

Figure 1. Package Pin-Out Diagrams  Package outlines not drawn to scale.
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- - Q
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INPUT L3 5 110 INPUT
INPUT
INPUT 3 6 158 110
INPUT
INPUT B 7 1401 110
INPUT
INPUT EJ 8 o INPUT
INPUT 39 123 110
GND 310 11 £ INPUT
DIp J-Lead
DIP J-Lead SOIC
Ceramic/Plastic Plastic Plastic
EP330 EP330 EP330
EP320
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EP300-series EPLDs can accommodate up to 18 inputs and 8 outputs. Each
of the 8 macrocells contains a programmable-AND/fixed-OR structure
that implements logic with up to 8 product terms. An additional product
term in each macrocell controls Output Enable.

Altera’s proprietary programmable 1/O architecture allows the designer
to program output and feedback paths for combinatorial or registered
operation in active-high and active-low modes. Thus, EP300-series devices
may be configured as drop-in replacements for PAL and GAL devices such
as the 16R8 and 16V8. See Application Note 2 (Replacing 20-Pin PAL and GAL
Devices with EP300-Series EPLDs) in this data book for more information.

The EP300-series CMOS EPROM technology reduces active power
consumption to less than 50% of the power required by equivalent bipolar
devices, without sacrificing speed. This reduced power consumption makes
these EPLDs highly desirable for a wide range of applications. EP300-
series EPLDs are 100% generically testable and can be erased with UV
light. Designs and design modifications can be implemented quickly,
eliminating the need for post-programming testing.

EP300-series EPLDs are programmed with Altera’s A+PLUS Development
System, which supports schematic capture, Boolean equation, state machine,
and netlist design entry. After the design is entered, A+PLUS automatically
translates it into logic equations, performs Boolean minimization, and fits
itinto the EPLD. The device is then programmed in seconds at the designer’s
desktop to create customized working silicon. Inaddition, extensive third-
party support exists for design entry, design processing, and device

programming.
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EP300- The EP300 series includes the EP330 and EP320 EPLDs. The EP330 and
Series EP320 are JEDEC-fil(}a\-co:inpatible, allowing a single JEDEC file to be used
or programming either device.
EPLDs
EP330

The EP330 combines high performance with low noise. Figure 2 shows the
switching performance of the EP330-12. The EPLD’s “quiet” outputs allow
designs to run fast with high system reliability. In addition, enhanced
output current capability (I, = 24 mA) allows the EP330 to directly
integrate designs requiring high-current drive, such as bus interfaces. The
EP330 is available with tpp, values of 12 ns and 15 ns.

Figure 2. EP330 Output Switching Performance
e ST SN E

Logic Input
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\
\‘\ /"—-ﬁ_
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Timebase = 10.0 ns/division Channel 1 = 1.000 V/division
Channel 2 = 2.000 V/division

EP320

The EP320 is a zero-power EPLD. It typically draws 10 A when operating
in standby mode and 3 mA when operating at 1 MHz. MIL-STD-883B-
compliant parts are available. The EP320 is available with tpp values of
30 ns, 35 ns, and 45 ns.
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Functional EP300-series EPLDs use CMOS EPROM technology to configure

. ae connections in a programmable-ANDlogic array. EPROM connections are

Descrlptlon also used to control the output/feedback options, such as registered or
combinatorial feedback, in active-high or active-low modes.

Devices in the EP300 series have 10 dedicated data inputs and 8 1/O pins
that can be configured for input, output, or bidirectional operation.
Figure 3 shows the EP300-series macrocell.

Figure 3. Logic Array Macrocell
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The EP330 block diagram is shown in Figure 4. The internal architecture of
this device has a sum-of-products (AND/OR) structure. Inputs to the
programmable-AND array come from the true and complement signals of
the dedicated input pins, and the true and complement forms of the
8 feedback signals that come from the I/O architecture control blocks. The
36-input AND array has 72 product terms distributed equally among the
8 macrocells. Each product term represents a 36-input AND gate.

The outputs of eight product terms are ORed together; then the output of
the OR gate is fed as an input to an XOR gate. The XOR function allows the
designer to use the invert-select EPROM cell to specify the polarity of the
output signal. If the EPROM cell is programmed, the true form of the
signal (active high) is passed; if not, the complement of the signal (active
low) is passed. The XOR output then feeds the 1/O architecture control
block, in which the output is configured for registered or combinatorial
operation. Inregistered mode, the output is registered via a positive-edge-
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Figure 4. EP300-Series Block Diagram  Numbers in parentheses are for J-lead packages.
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Output
Enable
Product Term

/0

triggered D-type flip-flop. The feedback signal from the cutput of the flip-
flop is also registered. In combinatorial mode, the outputis not registered,
and the feedback signal comes directly from the /O pin.

The Output Enable (OE) product term determines whether an output
signal is allowed to propagate to the output pin. If the output of the OE
product term is high, output to the pin is enabled. If the output is low, the
output buffer becomes a high-impedance node and does not allow the
output signal to reach the output pin. The I/O pin can then be used as a
dedicated input. This OE product term allows true bidirectional operation
in combinatorial mode.

EP300-series devices contain eight OE product terms, one for each 1/O pin.
All outputs can be enabled or disabled simultaneously by using an
identically programmed product term at each of the outputs. Outputs can
be enabled under other conditions by defining a different OE product term
for each output.

Figure 5 shows the output configurations available for the eight I/O pins.
Both registered and combinatorial outputs may be individually specified

Architecture for each macrocell. Any 1/O pin can be configured as a dedicated input by
choosing no output and pin feedback.
Figure 5. /O Configurations
OE .
Combinatorial
VO Selection
Avey Output/Polarity Feedback
36-Input Combinatorial/High Pin, None
Invert Combinatorial/Low Pin, None
Select None Pin
Feedback
Select
OF Clock (pin 1)
Registered
/O Selection
AND
Armray Output/Polarity Feedback
Se-imput D Register/High D Register, None
D Register/Low D Register, None
None D Register
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In combinatorial mode, active-high or active-low output polarity with pin
feedback or no feedback can be chosen. In registered mode, active-high or
active-low output polarity with the internal registered feedback or no
feedback are available. In the erased state, I/O architecture is configured
for combinatorial active-low output with pin feedback.

The switching waveforms for EP300-series EPLDs are shown in Figure 6.

Figure 6. Switching Waveforms

Numbers in parentheses are

for the EP330 EPLD.

Combinatorial or Registered Output

Combinatorial Output X

Combinatorial Mode

Input or 11O X

ez
% High-Impedance Tri-State
tp2x

X High-lmpedance Tri-State J
Valid Output
Synchronous Clock Mode
CLK
tsy thu
Valid Input  Input or VO may changef X Input or VO may change
t cor

Valid Output from register to output }{

tpand tr <3 ns (2 ns).

Inputs are driven at 3 V for a logic high
and 0 V for a logic low. All timing
characteristics are measured at 1.5 V.

Functional
Testing

EP300-series EPLDs are fully functionally tested and guaranteed through
complete testing of each EPROM bit and all internal logic elements. This
testing ensures a 100% programming yield.

This testing process eliminates traditional problems associated with fuse-
programmed circuits. EP300-series EPLDs allow test programming patterns
to be used and then erased. The ability to use application-independent,
general-purpose tests is called generic testing and is unique to EPLDs.

AC test measurements are performed at the conditions shown in Figure 7.

Altera Corporation
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Design
Security

Turbo Bit

Figure 7. AC Test Conditions
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input noise immunity. Device input
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EP330 EPLD. times < 3 ns (2 ns) L

EP300-series EPLDs contain a programmable Security Bit that controls
access to the data programmed into the device. If this feature is used, a
proprietary design implemented in the device cannot be copied or retrieved.
This feature provides a high level of design security by making programmed
data within EPROM cells invisible. The Security Bit, along with all other
program data, is reset by erasing the device.

The EP320 contains a programmable Turbo Bit, set with the A+PLUS
software, to control the automatic power-down feature that enables the
device's low standby-power mode. When the Turbo Bit is programmed
(Turbo = On), the low standby-power mode (I¢¢y) is disabled, making the
circuit less sensitive to V¢ noise transients created by the low-power mode
power-up/power-down cycle. Typical Io¢ versus frequency data for both
turbo and non-turbo (low power) mode is shown in each EPLD data sheet.
All AC values are tested with the Turbo Bit programmed.

If the design requires low-power operation, the Turbo Bit should be
disabled (Turbo = Off). When the device is operating in this mode, some
AC parameters may increase. To determine worst-case timing, values
given in the AC Non-Turbo Adder specifications must be added to the
corresponding AC parameter.
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Features

ad

High-performance 8-macrocell EPLD

— - Combinatorial speeds with tpp =12 ns

—  Counter frequencies up to 100 MHz

-  Pipelined data rates up to 125 MHz

Low power; [ = 45 mA (typical) for an 8-bit counter at 1 MHz
Available in windowed ceramic and plastic one-time-programmable
chip carrier packages

- 20-pin DIP (ceramic and plastic)

- 20-pin]J-lead (plastic)

- 20-pin, 300-mil SOIC (plastic)

Macrocell flip-flops can be individually programmed for registered or
combinatorial operation

“Quiet” outputs minimize output switching noise found in other
high-speed CMOS devices E

Figure 8 shows the pin-outs for the EP330 EPLD.

Figure 8. EP330 Pin-Out Diagrams

Package outlines not drawn to scale.
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Absolute Maximum Ratings Note: See Operating Requirements for EPLDs in this data book.

Symbol Parameter Conditions Min Max Unit
Vee Supply voltage With respect to GND -2.0 7.0 \
Vpp Programming supply voltage See Note (1) -2.0 14.0 \
Vi DC input voltage -2.0 7.0 \
| MAX DC V ¢ or GND current -160 +160 mA
| out DC output current, per pin -25 +25 mA
Pp Power dissipation 800 mw
Ts16 Storage temperature No bias —65 +150 °C
T amB Ambient temperature Under bias —65 +135 °C

Recommended Operating Conditions

" Symbol Parameter Conditions Min Max Unit

Vee Supply voltage 4.75 5.25 v
A Input voltage 0 Vee v
Vo Qutput voltage 0 Vee )
Ta Operating temperature For commercial use 0 +70 °C
Ta Operating temperature For industrial use —40 +85 °C
Tc Case temperature For military use -55 +125 °C
tr Input rise time See Note (2) 20 ns
te Input fall time See Note (2) 20 ns

DC Operating Conditions Veg = 5V £5%, Ty = 0° C to 70° C for commercial use

See Note (3) Voo =5V £ 10%, Ty = —40° C to 85° C for industrial use

Voo =5V £10%, Tg = —55° C to 125° C for military use
Symbol Parameter Conditions Min Typ Max Unit
ViH High-level input voltage 2.0 Vg +03 \
\ Low-level input voltage -0.3 0.8 \'
VoH High-level TTL output voltage loy =-12mADC 2.4 \
Voy High-level CMOS output voltage | | oy =-12mA DC 3.84 \
VoL Low-level output voltage loL =24 MADC 05 v
I Input leakage current Vi=VgcorGND —-10 +10 pA
1oz Tri-state output off-state current | Vo=V cc or GND -10 +10 pA
I cc1 V cc supply current (standby) V| = Vg or GND, No load 40 75 mA
lcea V cc supply current (active) V| =V or GND, No load, 45 75 mA
f=1.0 MHz, See Note (4)
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Capacitance See Note (5)

Symbol Parameter Conditions Min Max Unit
CiN Input capacitance Vin=0V, f =1.0MHz 10 pF
Cout Output capacitance Vour=0V, f=1.0MHz 15 pF
Ccik Clock pin capacitance Vin=0V, f=1.0MHz 10 pF

AC Operating Conditions Ve =5V £5%, Ty = 0° C to 70° C for commercial use
Vee =5V 1 10%, Ty = —40° C to 85° C for industrial use
Voo =5 V1 10%, T =-55° C to 125° C for military use
EP330-12 EP330-15
Symbol Parameter Conditions Min | Max | Min | Max | Unit
t PD1 Input to non-registered output 12 15 ns
t pp2 | 1O input to non-registered output C;=35pF 13 16 ns
t pzx | Inputto output enable 12 15 ns
1t pxz | Input to output disable C 1 =5pF, See Note (6) 12 15 ns
t o 1/ input pad and buffer delay 1 1 ns
Synchronous Clock Mode
EP330-12 EP330-15
Symbol Parameter Conditions Min | Max | Min | Max | Unit
f MAX | Maximum clock frequency See Note (7) 125 100 MHz
t ) Input setup time 6 8 ns
ty Input hold time 0 0 ns
t cu | Clock high time 4 5 ns
t cL Clock low time 4 5 ns
t co1 | Clock to output delay 8 10 | ns
t CNT Minimum clock period 10 12 ns
f CNT | Internal maximum frequency See Note (4) 100 83.3 MHz

Notes to tables:

(1) Minimum DC input is -0.3 V. During transitions, inputs may undershoot to 2.0 V
or overshoot to 7.0 V for periods less than 20 ns under no-load conditions.
(2) For all clocks: tg and t; =20 ns.

(3) Typical values are for T, =25°Cand Vee=5V.

(4) Measured with a device programmed as an 8-bit counter.
(5) Capacitance measured at 25° C. Sample-tested only. Pin 11 (high-voltage pin during
programming) has maximum capacitance of 20 pF.
(6) Sample-tested only for an output change of 500 mV.
(7)  The fyyox Vvalues represent the highest frequency for pipelined data.
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Product Availability
Grade Availability
Commercial  (0° C to 70° C) EP330-12, EP330-15
Industrial (—40° C to 85° C) Consult factory
Military (-55° C to 126° C) Consult factory

Note: Only military-temperature-range EPLDs are listed above. MIL-STD-883-compliant
product specifications are provided in Military Product Drawings (MPDs), available from
Altera’s Marketing Department by calling 1 (800) SOS-EPLD. These MPDs should be used
to prepare Source Control Drawings (SCDs). See Military Products in this data book.

Figure 9 shows output drive characteristics for EP330 I/O pins and typical
supply current versus frequency for the EP330.

Figure 9. EP330 Output Drive Characteristics and Ic¢ vs. Frequency
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EP320

O High-performance 8-macrocell EPLD
Features - C}:)mbinatorial speeds with tpp =30 ns

- Counter frequencies up to 28.6 MHz
- Pipelined data rates up to 45.5 MHz

O Verylow power
- Icc=3 mA (typical) for an 8-bit counter at 1 MHz
- Icc =10 pA (typical) in standby mode

O Available in 20-pin windowed ceramic and plastic, one-time-
programmable dual in-line packages (DIPs)
Macrocell flip-flops can be individually programmed for registered or
combinatorial operation

Figure 10 shows pin-outs for the EP320 EPLD. E

Figure 10. EP320 Pin-Out Diagram

Package outline not drawn to scale.
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Absolute Maximum Ratings  Note: See Operating Requirements for EPLDs in this data book.

Symbol Parameter Conditions Min Max Unit
Vee Supply voltage With respect to GND -2.0 7.0 v
Vep Programming supply voltage See Note (1) -2.0 13.5 \
Vi DC input voltage 2.0 7.0 v
I MAX DC V ¢ or GND current -80 +80 mA
! out DC output current, per pin -25 +25 mA
Pp Power dissipation 400 mw
Ts1a Storage temperature No bias -65 +150 °C
T avs Ambient temperature Under bias -65 +135 °C

Recommended Operating Conditions

Symbol Parameter Conditions Min Max Unit
Vee Supply voltage See Note (2) 475 (45) | 5.25(55) \
vy Input voltage Vee v
Vo Qutput voltage Vee \'/
Ta Operating temperature For commercial use +70 °C
Ta Operating temperature For industrial use —40 +85 °C
T¢ Case temperature For military use -55 +125 °C
tg Input rise time See Note (3) 500 ns
te Input fall time See Note (3) 500 ns

DC Operating Conditions Voo =5V £5%, Ty =0° C to 70° C for commercial use
See Note (4) Vee =5V 1 10%, T, = —40° C to 85° C for industrial use
Vee =5V 1 10%, Tg =-55° C to 125° C for military use

Symbol Parameter Conditions Min Typ Max Unit
Vin High-level input voitage 20 Vg +03 v
Vi Low-level input voltage -0.3 0.8 \
VoH High-level TTL output voltage loy =—8mADC 2.4 \
VoH High-level CMOS output voltage loy =—4 mADC 3.84 v
VoL Low-level output voltage loL =8 MADC 045 v
Iy Input leakage current V| = Vg or GND —10 +10 pA
loz Tri-state output off-state current Vo = Vgg or GND -10 +10 pA
lcet Ve supply current (standby) V| = Vgc or GND 10 150 MA

No load, See Note (5)
lco2 Ve supply current V| =Vgc or GND 3 5(15) mA
(non-turbo mode) No load, f=1.0 MHz
See Note (6)
lcea Ve supply current V| =V or GND 18 30 (40) mA
(turbo mode) No load, f = 1.0 MHz
See Note (6)
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Capacitance See Note (7)

Symbol Parameter Conditions Min Max Unit
C N Input capacitance ViN=0V, f =1.0MHz 10 pF
Cout Qutput capacitance Vour=0V, f=1.0 MHz 10 pF
Caik Clock pin capacitance ViN=0V, f=1.0MHz 10 pF
AC Operating Conditions Voe =5V £5%, Tp =0°C to 70° C for commercial use
Vee =5V £ 10%, T, = —40° C to 85° C for industrial use
Veg =5V £ 10%, Tg = -55° C to 125° C for miilitary use
Timing Parameters EP320-1 EP320-2 EP320 Non-Turbo
Adder
Symbol Parameter Conditions Min | Max | Min | Max | Min | Max| Note (8) Unit
t pp1 Inputto non-registered 29 34 44 15 ns
output
tpp2 - 1O input to non- C1=50pF 30 35 45 15 ns
registered output
tpzx Input to output enable 30 35 45 15 ns
t pxz Input to output disable C1=5pF 30 35 45 15 ns
Note (9)
to O input pad and buffer 1 1 1 0 ns
delay
Synchronous Clock Mode
Timing Parameters EP320-1 EP320-2 EP320 Non-Turbo
Adder
Symbol Parameter Conditions Min | Max | Min | Max | Min | Max | Note (8) Unit
f max Maximum clock Note (10) 455 40 303 0 MHz
frequency
tsu Input setup time 22 25 33 15 ns
tu Input hold time 0 0 0 0 ns
tcu Clock high time 10 12 16 0 ns
teo Clock low time 10 12 16 0 ns
t cot Clock to output delay 17 20 25 0 ns
t onr Minimum clock period 35 40 50 0 ns
f ot Internal maximum Note (6) 286 25 20 0 MHz
frequency

Altera Corporation
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Notes to tables:

(1) Minimum DC input is -0.3 V. During transitions, the inputs may undershoot to
—2.0 V or overshoot to 7.0 V for periods less than 20 ns under no-load conditions.

(2) Numbers in parentheses are for military and industrial temperature versions.

(3) For all clocks: tg and tz = 250 ns (100 ns).

(4) Typical values are for T, =25°Cand V=5 V.

(5) When in non-turbo mode, an EPLD will automatically enter standby mode if logic
transitions do not occur (approximately 100 ns after the last transition).

(6) Measured with a device programmed as an 8-bit counter.

(7) Capacitance measured at 25° C. Sample-tested only. Clock-pin capacitance for
dedicated clock inputs only. Pin 11 (high-voltage pin during programming) has a
maximum capacitance of 20 pF.

(8) See “Turbo Bit” in this data sheet.

(9) Sample-tested only for an output change of 500 mV.

(10) The fy;ox Values represent the highest frequency for pipelined data.

Product Availability
Grade Availability
Commercial  (0° C to 70° C) EP320-1, EP320-2, EP320
Industrial (—40°Cto 85°C) EP320
Military (-55° C t0 125° C) EP320

Note: Only military-temperature-range devices are listed above. MIL-STD-883-compliant
product specifications are provided in Military Product Drawings (MPDs), available from
Altera’s Marketing Department by calling 1 (800) SOS-EPLD. These MPDs should be used
to prepare Source Control Drawings (SCDs). See Military Products in this data book.

Figure 11 shows output drive characteristics for EP320 1/O pins and
typical supply current versus frequency for the EP320.

Figure 11, EP320 Output Drive Characteristics and loc vs. Frequency
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Features

General
Description

High-density replacement for TTL and 74HC with up to 600 gates
EP630 and EP610 offer “zero power” (typically 20 pA standby)

Very high speed (EP610A tpp = 12 ns)

Advanced CMOS EPROM technology to allow device erasure and
reprogramming

Asynchronous clocking of all registers or banked register operation
from two synchronous clocks

16 macrocells with configurable I/O architecture, allowing up to 20
inputs and 16 outputs

Individually programmable registers providing D, T, SR, or JK flip-
flops with individual asynchronous Clear control

100% generically testable to provide 100% programming yield
Programmable Security Bit for total protection of proprietary designs
A+PLUS software support featuring schematic capture, Boolean
equation, state machine, truth table, and netlist design entry methods
Available in space-saving windowed ceramic and plastic 24-pin,
300-mil DIP and 28-pin J-lead packages, or plastic 24-pin, 300-mil SOIC
packages

O Extensive third-party software and programming support

O Qoo o O O Oaan

Altera’s EP600-series Erasable Programmable Logic Devices (EPLDs) can
implement up to 600 equivalent gates of SSI and MSI logic functions in
space-saving windowed ceramic or one-time-programmable (OTP) 24-pin,
300-mil DIP and 28-pin J-lead (JLCC and PLCC) packages, or OTP plastic
24-pin, 300-mil SOIC packages. See Figure 1.

EP600-series EPLDs use sum-of-products logic that provides a
programmable-AND/fixed-OR structure. These EPLDs accommodate
combinatorial and sequential logic functions with up to 20 inputs and 16
outputs. Altera’s proprietary programmable 1/O architecture allows the
designer to program output and feedback paths for combinatorial or
registered operation in active-high and active-low modes.

EP600-series EPLDs can individually program D, T, SR, or JK flip-flop
operation for each output without sacrificing product terms. In addition,
each register can be individually clocked from any of the input or feedback
paths in the AND array. These features make it possible to simultaneously
implement a variety of logic functions.

Altera Corporation
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Figure 1. Package Pin-Out Diagrams Package outlines not drawn to scale.
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The CMOS EPROM technology in EP600-series EPLDs can reduce active
power consumption to less than 40% of the power required by equivalent
bipolar devices, without losing speed. This reduced power consumption
makes the EP600-series EPLDs highly desirable for a wide range of
applications. Moreover, these EPLDs are 100% generically testable and
can be erased with UV light. Designs and design modifications can be
implemented quickly, eliminating the need for post-programming testing.

Logic isimplemented with Altera’s A+PLUS Development System, which
supports schematic capture, Boolean equation, state machine, truth table,
and netlist design entry methods. After the design is entered, A+PLUS
automatically translates it into logic equations, performs Boolean
minimization, and fits it into the EPLD. The device may then be
programmed in seconds at the designer’s desktop to create customized
working silicon. In addition, extensive third-party support exists for design
entry, design processing, and device programming.
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EP600-
Series
EPLDs

The EP600 series includes the EP610A, EP630, and EP610 EPLDs. These
EPLDs are JEDEC-file-compatible, allowing a single JEDEC file to be used
for progamming any of the EPLDs.

EP610A

The EP610A is fastest member of the EP600 series. It has an input-to-non-
registered-output delay (tpp) of 12 ns, which is ideal for address decoding.
The EP610A offers a 36% faster clock-to-output delay (tco = 6 ns) than a
CMOS 22V10 and can easily integrate logic operating at today’s faster
system speeds. The EP610A is fabricated onan advanced 0.8-micron process,
and supports 16-bit counter frequencies of up to 83 MHz.

EP630

The EP630 is fast and offers a low-power standby mode. This EPLD can
implement a 16-bit counter at up to 83 MHz, and typically consumes 45
mA when operating at 1 MHz. It offers 60% more logic and 6 more flip-
flops than the 22V10. It is fabricated ona 1-micron process, and is available
with maximum tpp, values of 15 ns and 20 ns.

EP610

The EP610 combines high speed with low power. It can implement a 16-bit
counter atup to 40 MHz, and typically consumes 32 mA when operating at
1MHz. The EP610 is fabricated on a 1.2-micron process and is available in
all temperature ranges. Both MIL-STD-883B-compliantand DESC-approved
parts are available. The EP610 has maximum tpp values of 25 ns, 30 ns,
35 ns, and 40 ns.

[Altera Corporation
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Functional EP600-series EPLDs use CMOS EPROM technology to configure

. ae connections in a programmable-AND logic array. EPROM connections

Descri ptl on arealso used to construct a highly flexible programmable I /O architecture
that provides advanced functions for user-programmable logic.

EP600-series EPLDs have 4 dedicated data inputs, 2 synchronous clock
inputs, and 16 1/O pins that can be configured for input, output, or
bidirectional operation ona macrocell-by-macrocell basis.

Figure 2 shows the EP600-series macrocell. Each macrocell contains 10
product terms for the following functions: 8 product terms are dedicated
to logic implementation; 1 product term is used for Clear control of the
internal register; and 1 product term implements either Output Enable or

an asynchronous Clock.
Synchronous
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Figure 3 shows the complete block diagram of an EP600-series EPLD. The
internal device architecture has a sum-of-products (AND/OR) structure.
Inputs to the programmable AND array come from the true and
complement signals of the 4 dedicated data inputs and 16 1/O feedback
signals. The 40-input AND array has 160 product terms distributed among
the 16 macrocells. Each product term represents a 40-input AND gate.

In the erased state, the true and complement of the AND-array inputs are
connected to the product terms. An EPROM control cell is located at each
intersection of an AND-array input and a product term. During
programming, selected connections are opened, allowing any product
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Figure 3. EP600-Series Block Diagram  Numbers in parentheses are for J-iead packages.
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Architecture

OE/CLK
Selection

term to be connected to a true or complement array input signal with the
following results:

3 Ifboth the true and complement of an array input signal are connected,
the output of the AND gate is a logic low.

O If both the true and complement of any array input signal are
programmed “open,” a logic “don’t care” results for that input.

@ If all inputs for a given product term are programmed “open,” the
output of the corresponding AND gate is a logic high.

Two dedicated clock inputs (which are not available in the AND array)
provide the signals used for synchronous clocking of EP600-series internal
registers. Each signal is positive-edge-triggered and has control over 8
registers: CLK1 controls macrocells 9 to 16; CLK2 controls macrocells 1 to
8. The programmable I/O architecture allows each of the 16 internal
registers to have a synchronous or asynchronous Clock.

The EP600-series architecture provides each macrocell with over 50
programmable I/O configurations. Each macrocell can be configured for
combinatorial or registered output, with programmable output polarity.
One of four register types (D, T, JK, and SR) may be implemented in each
macrocell without additional logic. I/O feedback selection can be
programmed for registered or input feedback. The 1/O architecture can
also individually clock each internal register from any internal signal.

Figure 4 shows the two modes of operation provided by the OE/CLK
Select multiplexer. This multiplexer, which is controlled by a single EPROM
control bit, may be individually configured at each 1/O pin.

Figure 4. OE/CLK Select Multiplexer

Mode 0: Mode 1:
OE = Product-Term-Controlled OE = Enabled
CLK = Synchronous CLK = Asynchronous
S
o -
Y vee Y vee
AND o AND ok
fny 1M 1O
cLK CLK
b 0 b o
DATA Macrocell DATA Macrocell
DamA | o DATA__ |
Macrocel  Buffer Voo Buffer
YO Register o Register
The register is clocked by the synchronous clock signal, which is The oulput is permanently enabled and the register is clocked
common to seven other macrocelts. The oulput is enabled by the logic by the product term, which allows gated clocks to be generated
from the product term. in EP600-series EPLDs.
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In Mode 0, the tri-state output buffer is controlled by a single product
term. If the output of the AND gate is high, then the output buffer is
enabled. If the output is low, the output buffer has a high-impedance
value. In this mode, the macrocell flip-flop is clocked by its synchronous
Clock input signal (CLK1 or CLK2). In the erased state, the OE/CLK Select
multiplexer is configured to Mode 0.

In Mode 1, the Output Enable buffer is always enabled, allowing the
macrocell flip-flop to be triggered from an asynchronous Clock signal
generated by the OE/CLK product term. This mode allows flip-flops to be
individually clocked from any of the AND-array input signals. With true
and complement signals in the AND array, the flip-flop can be configured
to trigger on a rising or falling edge. This product-term-controlled clock
configuration also allows implementation of gated clock structures.

Figure 5 shows waveforms for the following modes: combinatorial,
synchronous Clock, and asynchronous Clock.

Combinatorial Mode

Figure 5. Switching Waveforms

Input or /O X
Numbers in parentheses are for } oo
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Combinatorial Output X
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Inputs are driven at 3 V for a logic high
and 0 V for a logic low. All timing
characteristics are measured at 1.5 V.
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Selection

Output configurations available with EP600-series EPLDs are shown in
Figure 6. Each macrocell can be individually configured with combinatorial
output or with any of the four register outputs. All registers have an
individual asynchronous Clear function controlled by a dedicated product
term. When this product term is a logic high, the macrocell register is
immediately loaded with a logic low. The Clear function is performed
automatically during power-up.

The combinatorial configuration has eight product terms ORed together
to generate the output signal. This configuration has the following
characteristics:

O ThelInvert-Select EPROM bit controls output polarity.

O One product term controls the Output Enable buffer.

O The Feedback-Select multiplexer allows the user to choose 1/0 (pin)
feedback or no feedback to the AND array.

The D or T register has eight product terms ORed together that are
available to the register input. This configuration has the following
characteristics:

O The Invert Select EPROM bit controls output polarity.

O One product term controls asynchronous Clear.

O The OE/CLK Select multiplexer configures the mode of operation to
Mode 0 or Mode 1.

O The Feedback Select multiplexer allows the user to choose registered
feedback, I/O feedback, or no feedback to the AND array.

If the JK or SR register is selected, eight product terms are shared between
two OR gates. The outputs of the OR gates feed the two primary register
inputs. This configuration has the following characteristics:

3 The A+PLUS Development System optimizes the allocation of product
terms for each register input.

One product term controls asynchronous Clear.

The Invert Select EPROM bits control output polarity.

The OE/CLK Select multiplexer configures the mode of operation to
Mode 0 or Mode 1.

The Feedback Select multiplexer allows the user to choose registered
feedback or no feedback to the AND array.

O Qaaa

Any /O pin can be configured as a dedicated input by selecting no output
with I/0O feedback. In the erased state, the I/O architecture is configured
for combinatorial active-low output with I /O feedback.
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Figure 6. /O
Configurations
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Output/Polarity Feedback D | Qn| Qpy
D Register/High | D Register, Pin, None L L L
D Register/Low D Register, Pin, None L H L
None D Register H L H
None Pin H H H
T Flip-Flop
YO Selection Function Table
Output/Polarity Feedback T Qn | Qpu
T Register/High T Register, Pin, None L L L
T Register/Low T Register, Pin, None L H H
None T-Register H L H
None Pin H H L
JK Flip-Filop
VO Selection Function Table
Output/Polarity Feedback J K| Qp| Qpu
JK Register/High | JK Register, None L L L L
JK Register/Low | JK Register, None L L} H H
None JK Register L H L L
L H | H L
H L L H
H L[ H H
H H L H
H H| H L
SR Flip-Flop
YO Selection Function Table
Output/Polarity Feedback s R | Qn| Qpu
SR Register/High | SR Register, None L L L L
SR Register/Low | SR Register, None L L H H
None SR Register L H L L
L H | H L
H L L H
H L H H
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Functional
Testing

Design
Security

Turbo Bit

EP600-series EPLDs are fully functionally tested and guaranteed through
complete testing of each programmable EPROM bit and all internal logic
elements. A 100% programming yield is ensured. This testing process
eliminates problems associated with fuse-programmed circuits by allowing
test programming patterns to be used and then erased. The ability to use
application-independent, general-purpose tests, called generic testing, is
unique to EPLDs. AC test measurements are performed under the
conditions shown in Figure 7.

Figure 7. AC Test Conditions

Power supply transients can affect AC Vee
measurements. Simultaneous transitions of |

multiple outputs should be avoided for g5 |

accurate measurement. Threshold tests must (450 Q) <

not be performed under AC conditions.  peyice 5 1o Test
Large-amplitude, fast-ground current Output System

transients normally occur as the device

outputs discharge the load capacitances.  [_> J_ |

When these transients flow through the
parasitic inductance between the device

ground pin and the test system ground, it can 340Q < C1 (includes JIG
create significant reductions in observable (245Q) & capacitance)
input noise immunity. o

Device input
Note: Numbers in parentheses are for the  riseand fall
EP610A EPLD. times < 3 ns (2 ns)

EP600-series EPLDs contain a programmable design Security Bit that
controls access to the data programmed into the device. If this feature is
used, a proprietary design implemented in the EPLD cannot be copied or
retrieved. This feature provides a high level of design security by making
programmed data within EPROM cells invisible. The Security Bit, as well
as all other program data, is reset by erasing the EPLD.

The EP610 and EP630 EPLDs contain a programmable Turbo Bit, set with
the A+PLUS software, to control the automatic power-down feature that
enables the low standby-power mode. When the Turbo Bit is programmed
(Turbo = On), the low standby-power mode (I¢) is disabled, making the
circuit less sensitive to V¢ noise transients created by the low-power mode
power-up/power-down cycle. The typical I vs. frequency data for both
turbo and non-turbo mode is shown in each EPLD data sheet. All AC
values are tested with the Turbo Bit programmed.

If the design requires low power operation, the Turbo Bit should be
disabled (Turbo = Off). In this mode, some AC parameters may increase.
To determine worst-case timing, values from the AC Non-Turbo Adder
specifications must be added to the corresponding AC parameter.
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O High-performance 16-macrocell EPLD
Features - & C}())mbinatorial speeds with tpp =12 ns

—  Counter frequencies up to 83.3 MHz
- Pipelined data rates up to 83.3 MHz

O Available in windowed ceramic and plastic one-time-programmable
chip carrier packages
—  24-pin DIP (ceramic and plastic)
- 28-pin]J-lead (ceramic and plastic)
- 24-pin, 300-mil SOIC (plastic)

O Macrocells can be individually programmed as D, T, JK, or SR flip-
flops, or for combinatorial operation.
Programmable Clock option allows independent clocking of all
registers.

Figure 8 shows the pin-outs for the EP610A EPLD.

Figure 8. EP610A Pin-Out Diagrams

Package outlines not drawn to scale.
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Absolute Maximum Ratings Note: See Operating Requirements for EPLDs in this data book.

Symbol Parameter Conditions Min Max Unit
Veo Supply voltage With respect to GND -2.0 7.0 v
Vep Programming supply voltage See Note (1) -2.0 13.5 v
V) DC input voltage -2.0 7.0 v
| MAX DC V ¢ or GND current -175 +176 mA
lout DC output current, per pin -25 +25 mA
Pp Power dissipation 1000 mw
T st Storage temperature No bias —65 +150 °C
T avB Ambient temperature Under bias 65 +135 °C

Recommended Operating Conditions

Symbol Parameter Conditions Min Max Unit
Vee Supply voltage 4.75 5.25 v
Vi Input voltage 0 Veo v
Vo Output voltage 0 Vee v
Ta Operating temperature For commercial use 0 +70 °C
Ta Operating temperature For industrial use —40 +85 °C
T¢ Case temperature For military use -55 +125 °C
tr Input rise time 25 ns
te Input fall time 25 ns

DC Operating Conditions Vee =5V £5%, Tp=0° C to 70° C for commercial use
See Note (2) Veg =5V £ 10%, T4 =—40° C to 85° C for industrial use
Vee =5V £ 10%, Tg = -65° C to 125° C for military use

Symbol Parameter Conditions Min Typ Max Unit
Viy High-level input voltage 2.0 Ve +03 Y
Vi Low-level input voltage -0.3 0.8 \
Vou High-level TTL output voltage loq =—4mADC 2.4 \
VoL Low-level output voltage loL =8mMADC 0.5 \
1y Input leakage current V| =Vgg orGND -10 +10 pA
loz Tri-state output off-state current | Vo= Vg or GND —40 +40 pA

11 cC1 V ¢ supply current (standby) V| =VgcorGND 90 130 mA
No load
lcea V ¢ supply current V| =V ¢ or GND, No load 90 130 mA
f= 1.0 MHz, See Note (3)
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Capacitance See Note (4)

Symbol Parameter Conditions Min Max Unit
CiNn Input capacitance Vin=0V, f =1.0MHz pF
Cour Output capacitance Vour=0V, f=1.0MHz pF
Ceik Clock pin capacitance Vin=0V, f=1.0MHz 16 pF

AC Operating Conditions Vg =5V £5%, Ty = 0° C to 70° C for commercial use
Vee =5V £ 10%, Ty =—40° C to 85° C for industrial use
Voe =5V £10%, Tg = -55° C to 125° C for military use
EP610A-10 EP610A-12 EP610A-15
Symbol Parameter Conditions | Min | Max | Min | Max | Min | Max [ Unit
t ppy Input to non-registered output 10 12 15 ns
t pp2 IO input to non-registered output C4=85pF 10 12 15 ns
t p2x Input to output enable 10 12 15 ns
t pxz Input to output disable, See Note (5){ C 1 =5pF 10 12 15 ns
tcr Asynchronous output clear time C4=85pF 10 12 15 ns
Synchronous Clock Mode
EP610A-10 EP610A-12 EP610A-15
Symbol Parameter Conditions | Min | Max | Min | Max | Min | Max | Unit
f MAX Maximum frequency See Note (6) 100 83.3 83.3 MHz
t sy Input setup time 8 8 10 ns
ty Input hold time 0 0 0 ns
tch Clock high time 5 6 ns
te Clock low time 5 6 ns
t cot Clock to output delay 6 6 8 ns
t CNT Minimum clock period 10 12 12 ns
f CNT Internal maximum frequency See Note (3) 100 83.3 83.3 MHz
Asynchronous Clock Mode
EP610A-10 EP610A-12 EP610A-15
Symbol Parameter Conditions | Min | Max | Min | Max | Min | Max | Unit
f max Maximum frequency See Note (6) | 100 83.3 71.4 MHz
t ASU Input setup time 5 6 6 ns
t an Input hold time 5 6 6 ns
t acH Clock high time 5 6 7 ns
t ACL Clock low time 5 6 7 ns
t ACO1 Clock to output delay 12 13 15 ns
t acnT Minimum clock period 10 12 14 ns
f ACNT Internal maximum frequency See Note (3) 100 83.3 71.4 MHz
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Notes to tables:

Wy
@)

3)
@)

®)

The minimum DC input is -0.3 V. During transitions, the inputs may undershoot to
-2.0 V or overshoot to 7.0 V for periods less than 20 ns under no-load conditions.
Typical values are for T, =25°Cand V=5 V.

Measured with a device programmed as a 16-bit counter.

Capacitance measured at 25° C. Sample-tested only. Clock-pin capacitance for
dedicated clock inputs only. Pin 13 (high-voltage pin during programming) has a
maximum capacitance of 50 pF.

Sample-tested only for an output change of 500 mV.

(6) The fy,x values represent the highest frequency for pipelined data.
Product Availability
Grade Availability
Commercial  (0° Cto 70°C) EP610A-12, EP610A-15
Industrial (—40° C to 85° C) Consult factory
Military (-55° C to 125° C) Consult factory

Note: Only military-temperature-range EPLDs are listed above. MIL-STD-883-compliant
product specifications are provided in Military Product Drawings (MPDs), available from
Altera’s Marketing Department by calling 1 (800) SOS-EPLD. These MPDs should be used
to prepare Source Control Drawings (SCDs). See Military Products in this data book.

Figure 8 shows output drive characteristics for EP610A 1/O pins and
typical supply current versus frequency for the EP610A.

Figure 9. EP640 Output Drive Characteristics and I¢ vs. Frequency
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EP630

O High-performance 16-macrocell EPLD
Features - & CI())mbinatorial speeds with tpp =15 ns
- Counter frequencies up to 83 MHz
- Pipelined data rates up to 83 MHz
O Very low power
- lcc=5mA (typical) for a 16-bit counter at 1 MHz
- Icc=20pA (typical) in standby mode
3 Available in windowed ceramic and plastic one-time-programmable
chip carrier packages
- 24-pin DIP (ceramic and plastic)
- 28-pin]-lead (ceramic and plastic)
- 24-pin, 300-mil SOIC (plastic)
O Macrocells can be individually programmed as D, T, JK, or SR flip-
flops, or for combinatorial operation. E
O Programmable Clock option allows independent clocking at all
registers.

Figure 10 shows pin-outs for the EP630 EPLD.

Figure 10. EP630 Pin-Out Diagrams

Package outlines not drawn to scale.
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Absolute Maximum Ratings Note: See Operating Requirements for EPLDs in this data book.

Symbol Parameter Conditions Min Max Unit
Vee Supply voltage With respect to GND -2.0 7.0 v
Vep Programming supply voltage See Note (1) -2.0 14.0 \
vy DC input voltage -2.0 7.0 \

I MAX DC V ¢ or GND current =175 +175 mA

lout DC output current, per pin —25 +25 mA

Pp Power dissipation 1000 mw

Tsta Storage temperature No bias —65 +150 °C

T amB Ambient temperature Under bias —65 +135 °C
Recommended Operating Conditions

Symbol Parameter Conditions Min Max Unit
Voo Supply voltage 475 5.25 v
A Input voltage 0 Vee v
Vo Output voltage 0 Vee v
Ta Operating temperature For commercial use 0 +70 °C
Ta Operating temperature For industrial use -40 +85 °C
Tc Case temperature For military use -55 +125 °C
th Input rise time See Note (2) 40 ns
te Input fall time See Note (2) 40 ns

DC Operating Conditions Voo =5V £5%, Ty = 0° C to 70° C for commercial use
See Note (3) Voo =5V £ 10%, T, = —40° C to 85° C for industrial use
Veg =5V £ 10%, T =-565° C to 125° C for military use
Symbol Parameter Conditions Min Typ Max Unit
ViH High-level input voltage 2.0 Voo +03 v
Vi Low-level input voltage -0.3 0.8 \'
Vou High-level TTL output voltage loy =—4 mADC 2.4 \'
Vou High-level CMOS output voltage | | oy =—-2 mA DC 3.84 \
VoL Low-level output voltage lo. =4mADC 0.45 \'}
Iy Input leakage current V| =VccorGND -10 +10 pA
loz Tri-state output off-state current | Vo=V ¢cc or GND -10 +10 pA
lecet V ¢c supply current (non-turbo | V) = Vg or GND 20 150 pPA
standby) I o =0, See Note (4)
lcc2 V ¢ supply current V| =V g or GND, No load, 5 10 mA
(non-turbo mode) f=1.0 MHz, See Note (5)
lcca V e supply current V)=V ¢ or GND, No load, 45 90 mA
(turbo mode) f=1.0 MHz, See Note (5)
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Capacitance See Note (6)

Symbol Parameter Conditions Min Max Unit
Cin Input capacitance Vin=0V, f =1.0MHz 10 pF
Cour Output capacitance Vout=0V, f=1.0MHz 12 pF
Ceclk Clock pin capacitance Vin=0V, f=1.0MHz 20 oF

AC Operating Conditions Voo =5V £5%, Ty =0° C to 70° C for commercial use
Voo =5V £ 10%, T, = —40° C to 85° C for industrial use
Vee =5 V£ 10%, Tg =-55° C to 125° C for military use
EP630-15 EP630-20 Non-Turbo Adder
Symbol Parameter Conditions Min | Max | Min | Max | SeeNote(7) | Unit
t ppy Input to non-registered output C4=35pF 15 20 20 ns
t po2 IO input to non-reg. output 17 22 20 ns
t pax Input to output enable 15 20 20 ns
tpxz Input to output disable C 4 = 5 pF, Note (8) 15 20 20 ns
tor Asynchronous output clear time | C 1 =35pF 15 20 20 ns
tio 1O input pad and buffer delay 2 2 0 ns
Synchronous Clock Mode
EP630-15 EP630-20 Non-Turbo Adder
Symbol Parameter Conditions Min | Max | Min | Max | seeNote(7 | Unit
f MAX Maximum frequency See Note (9) 83.3 62.5 0 MHz
tsu Input setup time 9 11 20 ns
ty Input hold time 0 0 0 ns
tcu Clock high time 6 8 0 ns
t cL Clock low time 6 8 0 ns
t cos Clock to output delay 11 13 0 ns
tent Minimum clock period 12 16 0 ns
f CNT Internal maximum frequency See Note (5) 83.3 62.5 0 MHz
Asynchronous Clock Mode
EP630-15 EP630-20 Non-Turbo Adder
Symbol Parameter Conditions Min | Max | Min | Max | SeeNote(7) | Unit
f MAX Maximum frequency See Note (9) 71.4 555 0 MHz
t asu Input setup time 6 8 20 ns
tan Input hold time 6 8 0 ns
t acH Clock high time 7 9 0 ns
tacL Clock low time 7 9 0 ns
t acoi Clock to output delay 15 20 20 ns
t acnT Minimum clock period 14 18 0 ns
f acnT Internal maximum frequency See Note (5) 714 55.5 0 MHz
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Minimum DC input is -0.3 V. During transitions, the inputs may undershoot to
-2.0 V or overshoot to 7.0 V for periods less than 20 ns under no-load conditions.
For all clocks: tg and tg =20 ns.

Typical values are for T, =25°Cand Ve =5 V.

When in non-turbo mode, an EPLD will automatically enter standby mode if logic
transitions do not occur (approximately 100 ns after the last transition). The non-
turbo standby current specification (Icc;) does not apply to the EP630-15 EPLD.
Measured with a device programmed as a 16-bit counter.

Capacitance measured at 25° C. Sample-tested only. Clock-pin capacitance for
dedicated clock inputs only. Pin 13 (high-voltage pin during programming) has a
maximum capacitance of 50 pF.

See “Turbo Bit” earlier in this data sheet.

(8) Sample-tested only for an output change of 500 mV.
(9) The fy5x values represent the highest frequency for pipelined data.
Product Availability
Grade Availability
Commercial  (0° Cto 70° C) EP630-15, EP630-20
Industrial (—40° C to 85° C) Consult factory
Military (-55° Cto 125° C) Consult factory

Note: Only military-temperature-range EPLDs are listed above. MIL-STD-883-compliant
product specifications are provided in Military Product Drawings (MPDs), available from
Altera’s Marketing Department by calling 1 (800) SOS-EPLD. These MPDs should be used
to prepare Source Control Drawings (SCDs). See Military Products in this data book.

Figure 11 shows output drive characteristics for EP630 I/O pins and
typical supply current versus frequency for the EP630.

Figure 11. EP630 Output Drive Characteristics and loc vs. Frequency
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O High-performance 16-macrocell EPLD
Features - 8 CI(J)mbinatorial speeds with tpp =25 ns

—  Counter frequencies up to 40 MHz
—  Pipelined data rates up to 47 MHz

O Verylow power
~  Icc =3 mA (typical) for a 16-bit counter at 1 MHz
- Igc =20 pA (typical) in standby mode

O Available in windowed ceramic and plastic one-time-programmable
chip carrier packages
- 24-pin DIP (ceramic and plastic)
~  28-pin]J-lead (ceramic and plastic)
~  24-pin, 300-mil SOIC (plastic)
Macrocell flip-flops can be individually programmed as D, T, JK, or
SR, or for combinatorial operation. E
Programmable Clock option allows independent clocking at all
registers.

Figure 12 shows the pin-outs for the EP610 EPLD.

Figure 12. EP610 Pin-Out Diagrams

Package outlines not drawn to scale.
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Absolute Maximum Ratings Note: See Operating Requirements for EPLDs in this data book.

Symbol Parameter Conditions Min Max Unit
Vee Supply voltage With respect to GND -2.0 7.0 \
Vep Programming supply voltage See Note (1) ~2.0 13.5 \
Vi DC input voltage 2.0 7.0 v
| MAX DC V ¢ or GND current -175 +175 mA
lout DC output current, per pin -25 +25 mA
Pp Power dissipation 1000 mw
TsT1G Storage temperature No bias —65 +150 °C
T amB Ambient temperature Under bias —65 +135 °C

Recommended Operating Conditions

Symbol Parameter Conditions Min Max Unit
Vee Supply voltage See Note (2) 4.75(4.5) | 5.25(5.5) \
Vi Input voltage ] Vee v
Vo Qutput voltage 0 Vee v
Ta Operating temperature For commercial use 0 +70 °C
Ta Operating temperature For industrial use —40 +85 °C
Te Case temperature For military use -55 +125 °C
tg Input rise time See Note (3) 100 (50) ns
te Input fall ime See Note (3) 100 (50) ns

DC Operating Conditions Veg =5 V£5%, Ty =0° C to 70° C for commercial use
See Note (4) Veg =5 V£ 10%, Ty = —40° C to 85° C for industrial use
Veg =5V £ 10%, T =-55° C to 125° C for military use

Symbol Parameter Conditions Min Typ Max Unit
ViH High-level input voltage 20 Voo +0.3 v
Vi Low-level input voltage -0.3 08 v
Vou High-level TTL output voltage lon =—4 mADC 24 \
VoH High-level CMOS output voltage loy =-2mADC 3.84 v
VoL Low-level output voltage loL =4mADC 0.45 v
h Input leakage current V= Ve or GND -10 +10 yA
loz Tri-state output off-state current Vo = Vcc or GND -10 +10 HA
lcet Ve supply current (standby) V| = Vg or GND 20 150 pA

No load, See Note (5)
lcoz Ve supply current V| =Vgc or GND 3 10 (15) mA
(non-turbo mode) No load, f = 1.0 MHz
See Note (6)
loca Ve supply current V| =Vgg or GND 32 60 (75) mA
(turbo mdde) No load, f = 1.0 MHz
See Note (6)
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Capacitance See Note (7)

Symbol Parameter Conditions Min Max Unit
CiNn Input capacitance ViN=0V, f =1.0MHz 20 pF
Cour Output capacitance Vour=0V, {=1.0MHz 20 pF
Coix Clock pin capacitance ViN=0V, f=1.0MHz 2 oF

AC Operating Conditions Veg =5 V1 5%, Ty =0° C to 70° C for commercial use
Ve =5 V£ 10%, Ty = —40° C to 85° C for industrial use
Vee =5 V1 10%, T = -55° C to 125° C for military use
Timing Parameters EP610-25 | EP610-30 | EP610-35 | Non-Turbo
Adder
Symbol Parameter Conditions Min| Max | Min| Max | Min| Max | Note (8) | Unit
t PD1 Input to non-registered output 25 30 35 30 ns
t pp2 | VOinput to non-reg. output Ct1=35pF 27 32 37 30 ns
t pzx | Inputto output enable 25 30 35 30 ns
t pxz | Inputto output disable C1 = 5 pF,Note (9) 25 30 35 30 ns
t cLr | Register clear delay C1=35pF 27 32 37 30 ns
tio 1O input pad and buffer delay 2 2 2 0 ns
Synchronous Clock Mode
Timing Paramefers EP610-25 | EP610-30 | EP610-35 | Non-Turbo
Adder
Symbol Parameter Conditions | Min | Max | Min | Max | Min | Max | Note (8) Unit
f MAX Max. frequency pipelined data Note (10) 476 41.7 37.0 0 MHz
t suU Input setup time 21 24 27 30 ns
ty Input hold time 0 0 0 0 ns
L Clock high time 10 11 12 0 ns
teoL Clock low time 10 1 12 0 ns
t cot Clock to output delay 15 17 20 0 ns
t oyt | Minimum clock period 25 30 35 0 ns
f CNT Internal maximum frequency Note (6) 40.0 333 286 0 MHz
Asynchronous Clock Mode
Timing Parameters EP610-25 | EP610-30 | EP610-35 | Non-Turbo
Adder
Symbol Parameter Conditions | Min| Max [ Min | Max | Min | Max|{ Note (8) Unit
f MAX Max. frequency pipelined data Note (10) 47.6 41.7 37.0 0 MHz
t asu Input setup time 8 8 8 30 ns
t an Input hold time 12 12 12 0 ns
t acH Clock high time 10 11 12 0 ns
t acL | Clock low time 10 11 12 0 ns
t aco1 | Clock to output delay 27 32 37 30 ns
t acny | Minimum clock period 25 30 35 0 ns
f ACNT | Internal maximum frequency Note (6) 40.0 333 28.6 0 MHz
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The minimum DC input is -0.3 V. During transitions, the inputs may undershoot to
~2.0 V or overshoot to 7.0 V for periods less than 20 ns under no-load conditions.
Numbers in parentheses are for to military and industrial temperature versions.
For all clocks: tg and tg =250 ns (100 ns).

Typical values are for Ty =25°Cand Ve =5 V.

When in non-turbo mode, an EPLD will automatically enter standby mode if logic
transitions do not occur (approximately 100 ns after the last transition). The non-
turbo standby current specification (Ic;) does not apply to the EP610-25 EPLD.
Measured with a device programmed as a 16-bit counter.

Capacitance measured at 25° C. Sample-tested only. Clock-pin capacitance for
dedicated clock inputs only. Pin 13 (high-voltage pin during programming) has a
maximum capacitance of 50 pF.

See “Turbo Bit” earlier in this data sheet.

Sample-tested only for an output change of 500 mV.

(10) The fy o values represent the highest frequency for pipelined data.

Product Availability
Grade Availability
Commercial  (0° C to 70° C) EP610-25, EP610-30, EP610-35
Industrial {—40° C to 85° C) EP610-30, EP610-35
Military (~55°C 10 125° C) EP610-35

Note: Only military-temperature-range devices are listed here. MIL-STD-883-compliant
product specifications are provided in Military Product Drawings (MPDs), available from
Altera’s Marketing Department by calling 1 (800) SOS-EPLD. These MPDs should be used
to prepare Source Control Drawings (SCDs). See Military Products in this data book.

Figure 13 shows the output drive characteristics for EP610 I/O pins and
typical supply current versus frequency for the EP610.

Figure 13. EP610 Output Drive Characleristics and Igc vs. Frequency
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Features

General
Descriptio

Qo ago O O Qo oaaQ

High-density replacement for TTL and 74HC with up to 900 gates
“Zero power” (consumes only microamps in standby mode)

High speed (EP910 tpp = 30 ns)

Advanced CMOS EPROM technology allowing devices to be erased
and reprogrammed

Asynchronous clocking of all registers or banked register operation
from two synchronous clocks

24 macrocells with configurable I/O architecture, allowing up to 36
inputs and 24 outputs

Individually programmable registers providing D, T, JK, or SR flip-
flops with individual asynchronous Clear control

100% generically testable to provide 100% programming yield
Programmable Security Bit for total protection of proprietary designs
A+PLUS software support featuring schematic capture, Boolean
equation, state machine, truth table, and netlist design entry methods
Available in 40-pin, 600-mil DIP and 44-pin J-lead chip carriers
Extensive third-party support

Altera’s EP900-series Erasable Programmable Logic Devices (EPLDs) can
implement up to 900 equivalent gates of SSI and MSI logic. These EPLDs are

n available in a windowed ceramic or one-time-programmable (OTP) plastic
40-pin DIP and a 44-pin J-lead chip carrier. See Figure 1.

Figure 1. Package Pin-Out Diagrams Package outlines not drawn to scale.
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EP900-series EPLDs use sum-of-products logic that consists of a
programmable-AND/fixed-OR structure. These EPLDs accommodate
combinatorial and sequential logic functions with up to 36 inputs and 24
outputs.

Altera’s proprietary programmable I/O architecture allows the designer
to program output and feedback paths for combinatorial or registered
operation in active-high and active-low modes.

EP900-series macrocells can be individually programmed for D, T, JK, or
SR flip-flop operation, or configured for combinatorial operation. In
addition, each register can be individually clocked from any of the input or
feedback paths in the AND array. These features make it possible to
simultaneously implement a variety of logic functions. For example, EP900-
series EPLDs are ideal for integrating several 20-and 24-pin PAL devices.

The CMOS EPROM technology in EP900-series EPLDs can reduce power
consumption to less than 20% of the power required by equivalent bipolar
devices, without losing speed. This reduced power consumption makes
EP900-series EPLDs desirable for a wide range of applications. Moreover,
these EPLDs are 100% generically testable and can be erased with UV light.
Designs and design modifications can be implemented quickly, eliminating
the need for post-programming testing.

Logicisimplemented with Altera’s A+PLUS Development System, which
supports schematic capture, Boolean equation, state machine, truth table,
and netlist design entry methods. After the design is entered, A+PLUS
automatically translates it into logic equations, performs Boolean
minimization, and fits it into the EPLD. The device may then be programmed
in minutes at the designer’s desktop to create customized working silicon.
In addition, extensive third-party support exists for design entry, design
processing, and device programming.
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Functional EP900-series EPLDs use CMOS EPROM technology to configure

. as connections in a programmable-AND logic array. EPROM connections are

Description also used to construct a highly flexible programmable I/O architecture
that provides advanced functions for user-programmable logic.

EP900-series EPLDs have 12 dedicated data inputs, 2 synchronous clock
inputs, and 24 I/O pins that can be individually configured for input,
output, or bidirectional operation. Figure 2 shows the EP900-series
macrocell. Each macrocell contains 10 product terms for the following
functions: 8 product terms are dedicated to logic implementation; 1 product
term is used for asynchronous Clear control of the internal register; and 1
product term implements either Output Enable or an asynchronous Clock.

Figure 2. Logic Array Macrocell
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The block diagram of an EP900-series EPLD is shown in Figure 3. The
internal device architecture has a sum-of-products (AND-OR) structure.
Inputs to the programmable ANDarray come from the true and complement
signals of the 12 dedicated data inputs and the 24 I/O feedback signals.
The 72-input AND array has 240 product terms thatare distributed equally
among the 24 macrocells. Each EP900-series product term represents a
72-input AND gate.

In the erased state, the true and complement of the AND-array inputs are
connected to the product terms. An EPROM control cell is located at each
intersection of an AND-array input and a product term. During the
programming process, selected connections are opened, allowing any
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Figure 3. EP$00-Series Block Diagram
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product term to be connected to the true or complement of an array input

signal with the following results:

m

a

m)

If both the true and complement of an array input signal are connected,
the output of the AND gate is a logical low.

If both the true and complement of any array input signal are
programmed “open,” a logical “don’t care” results for that input.

If all 72 inputs for a given product term are programmed “open,” the
output of the corresponding AND gate is a logical high.

Two dedicated clock inputs (which are not available in the AND array)
provide the signals used for synchronous clocking of EP900-series internal
registers. Each signal is positive-edge-triggered and has control over 12
registers. CLK1 controls macrocells 13 to 24; CLK2 controls macrocells 1 to
12. The programmable 1/O architecture allows each of the 24 internal
registers to have a synchronous or asynchronous Clock mode.

I/O EP900-series architecture provides each macrocell with over 50

programmable I/O configurations. Each macrocell can be configured for

Architecture combinatorial or registered output, with programmable output polarity.
Four register types (D, T, JK, and SR) may beimplemented in each macrocell
without requiring additional logic. I/O feedback selection can be

programmed for registered or input feedback. The 1/O architecture can

also individually clock each internal register from any internal signal.

OE/CLK Figure 4 shows the two modes of operation provided by the OE/CLK-
. Select multiplexer. This multiplexer, controlled by a single EPROM control
Selection bit, may be individually configured at each I/O pin.

Figure 4. OE/CLK Select Multiplexer
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The oulput is permanently enabled and the register is clocked
by the product term, which allows gated clocks to be generated
in EP900-series EPLDs.
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InModeO0, the tri-state outputbuffer is controlled by a single product term.
If the output of the AND gate is high, the output buffer is enabled. If the
outputislow, the output buffer has a high-impedance value. In this mode,
the macrocell flip-flop is clocked by its synchronous Clock input signal
(CLK1 or CLK2). In the erased state, the OE/CLK Select multiplexer is
configured to Mode 0.

In Mode 1, the Output Enable buffer is always enabled, so the macrocell
flip-flop can be triggered from an asynchronous Clock signal generated by
the OE/CLK product term. This mode allows flip-flops to be individually
clocked from any of the 72 AND-array input signals. With both true and
complement signals in the AND array, the flip-flop can be configured to
trigger on a rising or falling edge. This product-term-controlled clock
configuration also allows implementation of gated clock structures.

Figure 5 shows waveforms for the following modes: combinatorial,
synchronous Clock, and asynchronous Clock.

Figure 5. Switching Waveforms Combinatorial Mode
Input or /O )\
trp
Combinatorial Output X
toxz
. . . ~ High-Imped: Tri-State
Combinatorial or Registered Output )
tpzx
High-Impedance Tri-State yy —
Valid Output 2 <
tcn
Asynchronously Cleared Output )
Synchronous Clock Mode
CLK1, CLK2 R
tey :tw
Valid Input  Input or VO may changeX' X Input or /O may change
tcor .
Valid Output  from register to output X
Asynchronous Clock Mode
LacH « taoL
Asynchronous Clock Input X X X
tasyit AH
Valid Input  Input or /O may change X X Input or /O may change
tacor
Valid Output from register to output X
ta8t-<3ns

Inputs are driven at 3 V for a logic high
and 0 V for a logic low. All timing
characteristics are measured at 1.5 V.

Page 76 Altera Corporation ]




| Data Sheet EP900-Series EPLDs |

Output/ Output configurations available with EP900-series EPLDs are shown in

Figure 6. Each macrocell can be individually configured with combinatorial
Feedback outputor any of the four register outputs. All registers have an individual
Selection asynchronous Clear function controlled by a dedicated product term.

When this product term is a logic high, the macrocell register isimmediately
loaded with a logic low. The Clear function is performed automatically
during power-up.

The combinatorial configuration has eight product terms ORed together to
generate the output signal. This configuration has the following
characteristics:

O The Invert Select EPROM bit controls output polarity.

3 One product term controls the Output Enable buffer.

O The Feedback Select multiplexer allows the user to choose 1/O (pin)
feedback or no feedback to the AND array.

The D or T register configuration has eight product terms ORed together
thatare available to the register input. This configuration has the following
characteristics:

O The Invert Select EPROM bit controls output polarity.

3 One product term controls asynchronous Clear.

O The OE/CLK Select multiplexer configures the mode of operation to
Mode 0 or Mode 1.

3 The Feedback Select multiplexer allows the user to choose registered
feedback, 1/0O feedback, or no feedback to the AND array.

If the JK or SR register is selected, eight product terms are shared between
two OR gates. The outputs of the OR gates feed two primary register
inputs. This configuration has the following characteristics:

3 The A+PLUS Development System optimizes the allocation of product
terms for each register input.

One product term controls asynchronous Clear.

The Invert Select EPROM bits control output polarity.

The OE/CLK Select multiplexer configures the operation mode to
Mode 0 or Mode 1.

The Feedback Select multiplexer allows the user to choose registered
feedback or no feedback to the AND array.

O QaQaa

AnyI/O pin canbe configured as a dedicated input by selecting no output
with [/O feedback. In the erased state, the I/O architecture is configured
for combinatorial active-low output with1/0O feedback.
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Figure 6. 1/O Configurations
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Functional
Testing

Design
Security

EP900-series EPLDs are fully functionally tested and guaranteed through
complete testing of each programmable EPROM bit and all internal logic
elements. A 100% programming yield is ensured. This testing process
eliminates traditional problems associated with fuse-programmed circuits
by allowing test programming patterns to be used and then erased. This
ability to use application-independent, general-purpose tests, called generic
testing is unique to EPLDs. AC test measurements are performed under
the conditions shown in Figure 7.

Figure 7. AC Test Conditions
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EP900-series EPLDs contain a programmable Security Bit that controls
access to the data programmed into the device. If this feature is used, a
proprietary design implemented in the device cannot be copied or retrieved.
This feature provides a high level of design security by making programmed
data within EPROM cells invisible. The Security Bit, as well as other
program data, is reset by erasing the EPLD.
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Turbo Bit

EP900-series EPLDs contain a programmable Turbo Bit, set with A+PLUS
software, to control the automatic power-down feature that enables the
low standby-power mode (Iocy). When the Turbo Bit is programmed
(Turbo = On), the low standby-power mode is disabled, making the circuit
less sensitive to V¢ noise transients created by the low-power mode
power-up/power-down cycle. Typical I vs. frequency data for turbo
and non-turbo mode is shown in each EPLD data sheet. All AC values are
tested with the Turbo Bit programmed.

If the design requires low-power operation, the Turbo Bit should be
disabled (Turbo = Off). In this mode, some AC parameters may increase.
To determine worst-case timing, values from the AC Non-Turbo Adder
specifications must be added to the corresponding AC parameter.
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EP910

O High-performance 24-macrocell EPLD
Features - & Cgmbinatorial speeds with tpp =30 ns

- Counter frequencies up to 33 MHz
- Pipelined data rates up to 41 MHz

O Verylow power
- Icc=6mA (typical) for a 24-bit counter at 1 MHz
- Igc =20 pA (typical) in standby mode

O Available in windowed ceramic and plastic one-time-programmable
chip carrier packages
- 40-pinDIP
- 44-pinJ-lead
Macrocell flip-flops can be individually programmed as D, T, JK, or
SR flip-flops, or for combinatorial operation.

O Programmable Clock option allows independent clocking of all E

registers.

Figure 8 shows the pin-outs for the EP910 EPLD.

Figure 8, EP910 Pin-Out Diagrams

Package outlines not drawn to scale.
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Absolute Maximum Ratings Note: See Operating Requirements for EPLDs in this data book.

Symbol Parameter Conditions Min Max Unit
Vee Supply voltage With respect to GND -2.0 7.0 )
Vep Programming supply voltage See Note (1) =2.0 13.5 \
Vi DC input voltage -2.0 7.0 \
| MAX DC V ¢ or GND current -250 +250 mA
lout DC output current, per pin -25 +25 mA
Pp Power dissipation 1200 mw
Tsrg Storage temperature No bias -65 +150 °C
T am8 Ambient temperature Under bias —65 +135 °C

Recommended Operating Conditions

Symbol Parameter Conditions Min Max Unit
Vee Supply voltage See Note (2) 4.75(4.5) | 5.25(5.5) )
vy Input voltage 0 Vee \
Vo Output voltage 0 Veo \'
Ta Operating temperature For commercial use 0 +70 °C
Ta Operating temperature For industrial use —40 +85 °C
Tc Case temperature For military use -55 +125 °C
tr Input rise time See Note (3) 100 (50) ns
te Input fall time See Note (3) 100 (50) ns

DC Operating Conditions Vee =5V £ 5%, Ty = 0° C to 70° C for commercial use
See Note (4) Ve =5V £ 10%, Ty = —40° C to 85° C for industrial use
Voo =5V £ 10%, T = —55° C to 125° C for military use

Symbol Parameter Conditions Min Typ Max Unit
ViH High-level input voltage 20 Voo +0.3 v
ViL Low-level input voltage 0.3 0.8 Vv
VoH High-level TTL output voltage lgy=—4mADC 2.4 \
VoH High-level CMOS output voltage loy =-2mADC 3.84 \
Voo Low-level output voltage loL =4mADC 0.45 Vv
1 Input leakage current V| = Vg or GND -10 +10 pA
loz Tri-state output off-state current Vo = Vg or GND -10 +10 pA
lcot Ve supply current (standby) V= Vgg or GND 20 150 pA

No load, See Note (5)
lco2 Ve supply current V| =Vgg or GND 6 20 mA
{non-turbo mode) No load, f = 1.0 MHz
See Note (6)
loes Vee supply current V| =Vgg or GND 45 80 (100) mA
(turbo mode) No load, f = 1.0 MHz
See Note (6)
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Capacitance See Note (7)
Symbol Parameter Conditions Min Max Unit
C N Input capacitance Vin=0V, f =1.0MHz 20 pF
Cout Qutput capacitance Vour=0V, f=1.0MHz 20 pF
Ccik Clock pin capacitance ViN=0V, f=1.0MHz 20 pF
AC Operating Conditions Ve =5V 1 5%, Ta = 0° C to 70° C for commercial use
Vee =5 V1 10%, T, = —40° C to 85° C for industrial use
Voo =5 V£ 10%, Tg = —55° C to 125° C for military use
Timing Parameters EP910-30 | EP910-35 | EP910-40 | Non-Turbo
Adder
Symbol Parameter Conditions Min| Max | Min| Max | Min| Max | Note (8) Unit
t pp1 Input to non-reg. output 30 35 40 30 ns
t PD2 IfO input to non-reg. output C1=35pF 33 38 43 30 ns
t pzx | Input to output enable 30 35 40 30 ns
t PXZ Input to output disable C1 =5 pF,Note (9) 30 35 40 30 ns
t cLr | Register clear delay C1=35pF 33 38 43 30 ns
t 10 IO input pad and buffer delay 3 3 3 0 ns
Synchronous Clock Mode
Timing Parameters EP910-30 | EP910-35 | EP91040 | Non-Turbo
Adder
Symbol Parameter Conditions | Min | Max | Min | Max | Min | Max | Note (8) Unit
f MAX Maximum clock frequency Note (10) 417 37.0 323 0 MHz
tsu Input setup time 24 27 31 30 ns
ty Input hold time 0 0 0 0 ns
tch Clock high time 12 13 15 0 ns
toL Clock low time 12 13 15 0 ns
t cos Clock to output delay 18 21 24 0 ns
t ent Minimum clock period 30 35 40 0 ns
f onT Internal maximum frequency Note (6) 333 28.6 25.0 0 MHz
Asynchronous Clock Mode
Timing Parameters EP910-30 | EP910-35 | EP91040 | Non-Turbo
Adder
Symbol Parameter Conditions | Min | Max | Min| Max | Min | Max| Note (8) Unit
f max | Maximum clock frequency Note (10) | 33.3 31.3 20.4 0 MHz
t asu | Input setup time 10 10 10 30 ns
tan input hold time 15 15 15 0 ns
t acq | Clock high time 15 16 17 0 ns
t acL Clock low time 15 16 17 0 ns
t aco1 | Clock to output delay 33 38 43 30 ns
t acny | Minimum clock period 30 35 40 0 ns
f acnt | Intemal maximum frequency Note (6) 33.3 28.6 25.0 0 MHz
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The minimum DC input is -0.3 V. During transitions, the inputs may undershoot to
-2.0 V or overshoot to 7.0 V for periods less than 20 ns under no-load conditions.
Numbers in parentheses are for military and industrial temperature versions.

For all clocks: tg and tz =100 ns (50 ns).

Typical values are for Ty =25°Cand Vgc=5V.

When in non-turbo mode, an EPLD will automatically enter standby mode if logic
transitions do not occur (approximately 100 ns after the last transition). The non-
turbo standby current specification (Icc;) does not apply to the EP910-30 EPLD.
Measured with a device programmed as a 24-bit counter.

Capacitance measured at 25° C. Sample-tested only. Clock-pin capacitance for
dedicated clock inputs only. Pin 21 (high-voltage pin during programming) has a
maximum capacitance of 60 pF.

See “Turbo Bit” in this data sheet.

Sample-tested only for an output change of 500 mV.

(10) The fy;5x values represent the highest frequency for pipelined data.

Product Availability
Grade Avalilability
Commercial  (0° C to 70° C) EP910-30, EP910-35, EP910-40
Industrial (-40°C to 85° C) EP910-35, EP910-40
Military (-55° C to 125° C) EP910-40

Note: Only military-temperature-range devices are listed above. MIL-STD-883-compliant
product specifications are provided in Military Product Drawings (MPDs), available from
Altera’s Marketing Department by calling 1 (800) SOS-EPLD. These MPDs should be used
to prepare Source Control Drawings (SCDs). See Military Products in this data book.

Figure 9 shows the cutput drive characteristics for EP910 I/O pins and
typical supply current versus frequency for the EP910.

Figure 9. EP910 Output Drive Characteristics and Igc vs. Frequency
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: l EP1800-Series EPLDs
A tl E =~ A High-Performance

48-Macrocell Devices

LOctober 1990, ver. 1 Data Sheet

Erasable, user-configurable LSI circuit capable of implementing up to
2,100 equivalent gates of conventional and custom logic

“Zero power” (typically 35 pA standby)

High speed (EP1830 tpp = 20 ns)

48 macrocells with configurable I/O architecture allowing up to 64
inputs and 48 outputs

Programmable clock option allowing independent clocking of registers
Individually programmable registers providing D, T, JK, and SR flip-
flops with individual asynchronous Clear control

Accepts popular TTL SSI- and MSI-based macrofunction design inputs
TTL/CMOS 1/0 compatibility and full military capability

100% generically testable to provide 100% programming yield
A+PLUS software support featuring schematic capture, Boolean
equation, state machine, truth table, and netlist design entry methods
Available in 68-pin windowed ceramic and plastic one-time-
programmable J-lead and windowed ceramic PGA packages

O Extensive third-party support

Features

a Qaoa aa oo a

General The EP1800-series Erasable Programmable Logic Devices (EPLDs) offer LSI
. s density, TTL-equivalent speed, and low power consumption. Each EPLD
Desc ription can replace 20 to 30 SSI and MSI packages. These EPLDs are available in 68-
pin windowed ceramic and plastic one-time-programmable J-lead and

windowed ceramic Pin Grid Array (PGA) packages. See Figure 1.

EP1800-series EPLDs are designed as LSI replacements for traditional low-
power Schottky TTL logic circuits and low-density Programmable Logic
Devices (PLDs). The speed and density of these EPLDs enable them to
implement high-performance, complex functions, such as dedicated
peripheral controllers and intelligent support chips. IC count and power
requirements are considerably reduced with EP1800-series EPLDs, thus
minimizing the total size and system cost and significantly increasing
reliability.

EP1800-series architecture enables the designer to easily integrate designs
with conventional TTL SSI and MSI building blocks. Logic is implemented
with Altera’s A+PLUS Development System, which supports schematic
capture, state machine, Boolean equation, and netlist design entry methods
and includes a library of standard TTL functions to facilitate integration.
A+PLUS also provides a library of optimized gate and flip-flop elements.
The A+PLUS Design Processor (ADP) automatically minimizes and
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Figure 1. Package Pin-Out Diagrams Package outlines not drawn to scale. E ;
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optimizes the design for the EP1800-series architecture, then fits it into the
EPLD. A+PLUS, available for IBM PS/2, IBM PC-AT, and compatible
computers, also includes the software required to program EPLDs.

EP1800-series EPLDs use EPROM technology to configure logic connections.
User-defined logic functions may be constructed by selectively
programming EPROM cells within the EPLD. This technology also allows
100% generic testing at the factory. Since these devices can be erased with
UV light, design changes are not costly or time consuming, and post-
programming testing is not required.
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EP1800-
Series
EPLDs

The EP1800 series includes the EP1830 and EP1810 EPLDs. These EPLDs
are JEDEC-file-compatible, allowing a single JEDEC file to be used for
programming either EPLD.

EP1830

The EP1830 is the fastest member of the EP1800 series. Its speed and logic
density makes itideal for replacing multiple high-speed PALs. The EP1830
is fabricated on a 1.0-micron process and is available with maximum tpp
values of 20 ns, 25 ns, and 30 ns. The EP1830 can run four 12-bit counters at
up to 50 MHz.

EP1810

The EP1810 combines speed with low power. It is fabricated on a
1.2-micron process and is available with maximum tpp, values of 35 ns,
40 ns, and 45 ns, The EP1810 can implement four 12-bit counters at up to
28.6 MHz, and typically consumes less than 100 mA when operating at
1 MHz. Both MIL-STD-883B-compliant and DESC-approved parts are
available.

Ultera Corporation
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Functional
Description

EP1800-series EPLDs use CMOS EPROM cells to configure internal logic
functions. The architecture is 100% user-configurable, allowing a variety of
independent logic functions to be accommodated.

EP1800-series EPLDs have 16 dedicated data inputs, 4 of which may be
used as system clock inputs. The 481/O pins may be individually configured
for input, output, or bidirectional data flow. See Figure 2.

Figure 2. EP1800-Series Block Diagram  Numbers in parentheses are for PGA packages.

Quadrant A Quadrant D
2(F1) 1o Pin 33— MACROCELL 1 < | e MACROCELL 48 &3 o Pin 68 (E1)
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4(G1) voPin 33— MACROCELL 3 - - MACROCELL 46 &R VO Pin 66 (D1)
s(H2) 1o Pin K3 MACROCELL 4 - ; % - MACROCELL 45 &5} VO Pin 65 (02)
6(H1) 1o Pin 33— MACROCELL § -t § 5 MACROCELL 44 3 voPin 64 (C1)
702 1o Pin B3 MACROCELL 6 -t - MACROCELL 43 3 voPin 63(C2)
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29 (J10) Lo Pin B — MACROCELL 19 et - MACROCELL 30 & 1o Pin 41 (C10)
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Macrocells The EP1800-series architecture consists of 48 macrocells that implement all
logic (see Figure 3). Each macrocell consists of a logic array, a tri-state /O
buffer, and a selectable register element that can be programmed for D, T,
JK, or SR operation, or bypassed entirely for purely combinatorial functions.
All combinatorial logic (e.g., exclusive-OR, NAND, NOR, AND, OR, and
NOT gates) are implemented within the logic array. Each macrocell is
equivalent to as many as 40 two-input NAND gates.

Figure 3. Macrocell Components

Each EP1800-series macrocell consists of a logic array for gated logic, a fiip-fop for data storage, and a tri-state I/O buffer that
enables input, output, or bidirectional data fiow.
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Figure 4 illustrates a simple logic function that can be implemented in a
single macrocell. This function implements all combinatorial logic in the
logic array, uses a JK flip-flop, and permanently enables the tri-state
buffer.

Figure 4. Sample Circuit

This figure shows a typical logic function implemented in a single macrocell.
Each EP1800-series macrocell can accommodate up to 40 equivalent gates.
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EP1800-series EPLDs have 4 identical quadrants, each containing 12
macrocells. Internal bus structures in these EPLDs feed input signals into
the macrocells. Macrocell outputs drive the external pins and internal
buses.

Of the 48 macrocells, 36 are local (see Figure 5) and 16 are global macrocells
(see Figure 6). Local macrocells offer a multiplexed feedback path (with
pin or macrocell feedback) and drive the local bus in their quadrant. Global
macrocells feature two dedicated feedback paths: one feeds the local bus;
the other feeds the global bus. This process, called “dual feedback,” allows
global macrocells to implement buried logic functions while the associated
/0 pinis used as an input. Dual feedback ensures maximum I /O flexibility.

Figure 5. Local Macrocell
Quadrant
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Global Bus Local Bus Clock OE/CLOCK
- ] _ _ VEC Soloct
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Figure 6. Global Macrocell Quadrant
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Both global and local macrocells have the same timing characteristics.
Delay paths are shownin Figure 7. Switching waveforms for EP1800-series
EPLDs are shown in Figure 8.

Figure 7. Macrocell Delay Paths
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Figure 8. Switching Waveforms teor = Iw+ fio+ To
g g Input Mode , tepe= to+ tw+ ton+ Loo
b
tr&tr<3ns 1/O Pin X
Inputs are driven at 3 V for a logic ™
high and 0 V for a logic fow. All et
timing characteristics are Input Pin X
measured at 1.5 V.
t a0
Logic Array Input X
ten
Logic Array Output \
top
Output Pin X
Clock Mode
t n_“ ton ta t F_.i ;‘_
Clock Pin
w
-
Clock into Logic Array / \ / \
tic
Clock from Logic Array
tsy ty
Data from Logic Array X X
trp
Register Output to Logic Array X
System Clock Mode
tp ten ta te 5
System Clock Pin : \ /_\—_
tw ‘L Kcs
System Clock at Register
tsy ty H
Data from Logic Array X_ K
Output Mode
Clock from Logic Array / \ / \
too
Data from Logic Array X X X X (
Ixz t 2x
Output Pin X
High Impedance
Tri-State
Clock Eachinternal flip-flop in EP1800-series EPLDs can be clocked independently
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Optl ons from a dedicated system clock pin or a product term within the macrocell.

Any input or internal logic function can be used as a clock.
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Functional
Testing

Design
Security

Turbo Bit

Product-term clock signals allow flip-flops to be configured for positive- or
negative-edge-triggered operation.

Four dedicated system clocks (CLK1 to CLK4) also provide synchronous
orasynchronous clock signals to the flip-flops. One system clock is located
in each quadrant; each clock is connected directly to an EP1800-series
external pin. Synchronous clocks provide clock-to-outputdelay times that
are faster than internally generated clock signals. Asynchronous pin-driven
clock signals are activated by inserting a clock buffer (CLKB) primitive
between the clock pin and the flip-flop clock input. When system clocks
are used, the flip-flops are triggered by the positive edge, i.e, data transitions
occur on the rising edge of the clock.

EP1800-series EPLDs are fully functionally tested and guaranteed through
complete testing of each programmable EPROM bit and all internal logic
elements. A 100% programming yield is ensured. These EPLDs allow test
programs to be used and then erased during early stages of production.
The ability to use application-independent, general-purpose tests—called
generic testing—is unique to EPLDs. The EPLDs also contain on-board test
circuitry that allows verification of functions and AC specifications for
one-time-programmable packages. AC test measurements are performed
under the conditions shown in Figure 9.

EP1800-series EPLDs contain a programmable Security Bit that controls
access to the programmed information. If this Security Bit is used, a
proprietary design implemented in the device cannot be copied or retrieved.
Since this option makes programmed data within EPROM cells invisible,
the designer has a high level of design security. The Security Bit, as well as
all other program data, is reset by erasing the EPLD.

All EP1800-series EPLDs containa Turbo Bit, set with the A+PLUS software,
to control the automatic power-down feature that enables the low standby-
power mode. When the Turbo Bit is programmed (Turbo = On), the low
standby-power mode (Ic¢y) is disabled, making the circuitless sensitive to
Ve noise transients from the non-turbo mode power-up/power-down
cycle. The typical Ic versus frequency data for turbo and non-turbo mode
is shownin each EPLD data sheet. All AC values are tested with the Turbo
Bit programmed.

If the design requires low-power operation, the Turbo Bit should be
disabled (Turbo = Off). When operating in this mode, some AC parameters
may increase. To determine worst-case timing, values given in the AC
Non-Turbo Adder specifications must be added to the AC parameter.
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Figure 8. AC Test Conditions

Power supply transients can affect AC
measurements. Simultaneous transitions of
multiple outputs should be avoided for
accurate measurement. Threshold tests must
not be performed under AC conditions.
Large-amplitude, fast-ground current
transients normally occur as the device
outputs discharge the load capacitances.
When these transients flow through the
parasitic inductance between the device
ground pin and the test system ground, it can
create significant reductions in observable
input noise immunity.
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EP1830

O High-performance 48-macrocell EPLD
Features - & szbinatorial speeds with tpp =20 ns

- Counter frequencies up to 50 MHz
-  Pipelined data rates up to 62.5 MHz

O Lowpower
- lgec =20 mA (typical) for four 12-bit counters at 1 MHz
- Igec =50 pA (typical) in standby mode

O Available in windowed ceramic and plastic one-time-programmable
chip-carrier packages
-  68-pinJ-lead (ceramic and plastic)
- 68-pin PGA (ceramic)
Macrocell flip-flops can be individually programmed as D, T, JK, or
SR flip-flops, or for combinatorial operation.
Programmable Clock option allows independent clocking at all E
registers.

Figure 10 shows the pin-outs for the EP1830 EPLD.

Figure 10. EP1830 Pin-Out Diagrams
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Absolute Maximum Ratings Note: See Operating Requirements for EPLDs in this data book.

Symbol Parameter Conditions Min Max Unit
Veo Supply voltage With respect to GND -2.0 7.0 v
Vep Programming supply voltage See Note (1) -2.0 14.0 \
V) DC input voltage -2.0 7.0 v
1 MAX DC V ¢ or GND current -300 +300 mA
lout DC output current, per pin -25 +25 mA
Pp Power dissipation 1500 mw
Tsta Storage temperature No bias —65 +150 °C
T aMB Ambient temperature Under bias —65 +135 °C

Recommended Operating Conditions

Symbol Parameter Conditions Min Max Unit
Vee Supply voltage 475 5.25 \
\4 Input voltage Veo v
Vo Output voltage Vee \
Ta Operating temperature For commercial use +70 °C
Ta Operating temperature For industrial use —40 +85 °C
Tc Case temperature For military use -55 +125 °C
tr Input rise time See Note (2) 50 ns
te Input fall time See Note (2) 50 ns

DCOperating Conditions Ve =5V £5%, Ty = 0° C to 70° C for commercial use
See Note (3) Voo =5V £ 10%, T = —40° C to 85° C for industrial use
Vee =5V £ 10%, T =-55° C to 125° C for military use

Symbol Parameter Conditions Min Typ Max Unit
ViH High-level input voltage 2.0 Vec +0.3 \
ViL Low-level input voltage —0.3 0.8 \
Vou High-level TTL output voltage loy =—4mADC 2.4 \
Vou High-level CMOS output voltage | | oy =—2mA DC 384 Vv
Voo Low-level output voltage loL=4mADC 0.45 v
I Input leakage current V) = Vo or GND -10 +10 pA
1oz Tri-state output off-state current Vo = Vgc or GND -10 +10 pA
lcer Ve supply current (standby) V) = Vgg or GND 50 150 pA

No load, See Note (4)
lecz Ve supply current V= Vg or GND 20 40 mA
(non-turbo mode) No load, f = 1.0 MHz
See Note (5)
lcea Ve supply current V} = Vg or GND 150 200 mA
(turbo mode) No load, f = 1.0 MHz
See Note (5)
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Capacitance See Note (6)

Symbol Parameter Conditions Min Max Unit
C N Input capacitance ViN=0V, f =1.0MHz 20 pF
Cour Output capacitance Vour=0V, f=1.0MHz 20 pF
Cowx Clock pin capacitance ViN=0V, f=1.0MHz 2 pF
AC Operating Conditions Veg =5 V+5%, Ty =0°C to 70° C for commercial use
Ve =5V 1 10%, Ty =—40° C to 85° C for industrial use
Vec =5V +10%, Tg =-55° C to 125° C for military use
Timing Parameters EP1830-20 | EP1830-25 | EP1830-30 | Non-Turbo
Adder

Symbol Parameter Conditions Min [ Max| Min| Max| Min| Max| Note(7) Unit
t pp1_ | Input to non-registered output | C1=35pF 20 25 30 25 ns
t pp2 | VOinput to non-registered C1=35pF 22 28 34 25 ns

output
tw Input pad and buffer delay 5 ns
t o IO input pad and buffer delay 2 ns
tiap | Logic array delay 9 12 15 25 ns
top | Outputbuffer and pad delay | C1=35pF 6 6 ns
t zx | Output buffer enable C1=35pF 6 ns
txz Output buffer disable C1=5pF, 6 6 ns

Note (8)

f max | Maximum clock frequency See Note (9) | 62.5 50 417 MHz
tsu Register setup time 8 10 12 ns
tys Register hold time 0 0 0 ns

(system clock)
t H Register hold time 10 12 ns
tcu | Clock high time 10 12 ns
t L | Clock low time 10 12 0 ns
t o | Clock delay 9 12 15 25 ns
t ics | System clock delay 4 5 0 ns
tep | Feedback delay 3 3 -25 ns
tc1r | Register clear delay 9 12 15 25 ns
t ot | Minimum clock period 20 25 0 ns

(register output feedback to

register input)
f cnt | Internal maximum frequency | See Note (5) 50 40 333 0 MHz

1t CONT
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Notes to tables:

4)
@)

3)
@

5)

The minimum DC input is 0.3 V. During transitions, inputs may undershoot to
-2.0 V or overshoot to 7.0 V for periods less than 20 ns under no-load conditions.
For all clocks: t and tg = 20 ns.

Typical values are for T, =25°Cand Voc=5V.

When in non-turbo mode, an EPLD automatically enters standby mode if logic
transitions do not occur (approximately 100 ns after the last transition). The non-
turbo standby current specification (Icc;) does not apply to the EP1830-20 EPLD.
Measured with a device programmed as four 12-bit counters.

(6) Capacitance measured at 25° C. Sample-tested only. Clock-pin capacitance for
dedicated clock inputs only. Pin 19 (high-voltage pin during programming) has a
maximum capacitance of 160 pF.

(7) See “Turbo Bit” earlier in this data book.

(8) Sample-tested only for an output change of 500 mV.

(9) The fyg2x values represent the highest frequency for pipelined data.

Product Availability

Grade Availability
Commercial  (0°Ct070°C) EP1830-20, EP1830-25, EP1830-30
Industrial (—40°C 10 85°C) Consult factory
Military (~55°Cto 125° C) Consult factory

Note: Only military-temperature-range EPLDs are listed above. MIL-STD-883-compliant
product specifications are provided in Military Product Drawings (MPDs), available from
Altera Marketing by calling 1 (800) SOS-EPLD. These MPDs should be used to prepare
Source Control Drawings (SCDs). See Military Products in this data book.

Figure 11 shows output drive characteristics for EP1830 I/O pins and
typical supply current versus frequency for the EP1830.

Figure 11. EP1830 Output Drive Charactleristics and ¢ vs. Frequency
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O High-performance 48-macrocell EPLD
Features - 8 CI(D)mbinatorial speeds with tpp =35 ns

- Counter frequencies up to 28.6 MHz
- Pipelined data rates up to 40 MHz

O Low power
- Icc =10 mA (typical) for four 12-bit counters at 1 MHz
- Ioec =35 pA (typical) in standby mode

O Available in windowed ceramic and plastic one-time-programmable
packages
- 68-pin]-lead (ceramic and plastic)
- 68-pin PGA (ceramic)

O Macrocell flip-flops can be individually programmed as D, T, JK, or
SR flip-flops, or for combinatorial operation.

O Programmable Clock option allows independent clocking of all E
registers.

Figure 12 shows the pin-outs for the EP1810.

Figure 12. EP1810 Pin-Out Diagrams
Package outlines not drawn to scale.
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Absolute Maximum Ratings Note: See Operating Requirements for EPLDs in this data book.

Symbol Parameter Conditions Min Max Unit
Vee Supply voltage With respect to GND -2.0 7.0 \
Vpp Programming supply voltage See Note (1) -2.0 13.5 \
\J DC input voltage -2.0 7.0 \'

I max DC V ¢ or GND current -300 +300 mA

lout DC output current, per pin -25 +25 . mA

Pp Power dissipation 1500 mw

Tsta Storage temperature No bias -65 +150 °C

T amB Ambient temperature Under bias —65 +135 °C
Recommended Operating Conditions

Symbol Parameter Conditions Min Max Unit
Vee Supply voltage See Note (2) 4.75(4.5) | 5.25(5.5) \
V) Input voltage 0 Vee \
Vo Output voltage 0 Vee Vv
Ta Operating temperature For commercial use 0 +70 °C
Ta QOperating temperature For industrial use -40 +85 °C
Tc Case temperature For military use 55 +125 °C
tg Input rise time 100 (50) ns
te Input fall time 100 (50) ns

DC Operating Conditions Voe =5V £5%, Ty =0° C to 70° C for commercial use
See Note (3) Voo =5V £ 10%, T, = —40° C to 85° C for industrial use
Ve =5 V1 10%, Tg = -55° C to 125° C for military use
Symbol Parameter Conditions Min Typ Max Unit

Vin High-level input volitage 2.0 Vge +03 \4
Vi Low-level input voltage 0.3 0.8 \
VoH High-level TTL output voltage loy =—4 mMADC 2.4 \Y
VoH High-level CMOS output voltage loy =—2mMADC 384 v
VoL Low-level output voltage 1oL =4mADC 0.45 \
I Input leakage current V)| = Vge or GND -10 +10 pA
oz Tri-state output off-state current Vo = Vgg or GND -10 +10 pA
tect Ve supply current (standby) V| = Vgc or GND 35 150 pA

No load, See Note (4)
lcez Ve supply current V| =VgcorGND 10 30 (40) mA

(non-turbo mode) No load, f= 1.0 MHz

See Note (5)

lcea Ve supply current V| =VggorGND 100 180 (240) mA
{turbo mode) No load, f= 1.0 MHz

See Note (5)
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Capacitance See Note (6)

Symbol Parameter Conditions Min Max Unit
Cin Input capacitance V=0V, f =1.0MHz 20 pF
Cout Output capacitance Vour=0V, f=1.0MHz 20 pF
Ceik Clock pin capacitance ViN=0V, f=1.0MHz 25 pF

AC Operating Conditions Voo =5V 1 5%, Ty =0° C to 70° C for commercial use
Voo =5V 1 10%, Ty = —40° C to 85° C for industrial use
Voo =5 V1 10%, T = -55° C to 125° C for military use
Timing Parameters EP1810-35 | EP181040 | EP181045 | Non-Turbo
Adder

Symbol | Parameter Conditions Min | Max| Min| Max| Min| Max| Note(7) Unit
t PD1 Input to non-registered output 35 40 45 30 ns
t pp2 | 1O input to non-registered C=35pF 40 45 50 30 ns

output
t IN Input pad and bufler delay 7 0 ns
t o VO input pad and buffer delay 5 5 0 ns
t1ap | Logic array delay 19 23 27 30 ns
top | Outputbutferandpaddelay | C4=35pF 10 11 0 ns
t 7 Output buffer enable 10 11 0 ns
txz Output buffer disable Cy=5pF 10 1 0 ns

See Note (8)

f MAX | Maximum clock frequency See Note (9) 40.0 35.7 33.3 0 MHz
tsy Register setup time 10 11 1 ns
tus Register hold time 0 0 ] 0 ns

(system clock)
ty Register hold time 15 17 18 0 ns
tcu | Clock high time 12 14 15 0 ns
tcL | Clocklow time 12 14 15 0 ns
t o Clock delay 19 23 27 30 ns
t cs | System clock delay 6 0 ns
tep Feedback delay -30 ns
tcir | Register clear delay 24 28 32 30 ns
t ent | Minimum clock period 35 40 45 0 ns

(register output feedback to

register input)
f CNT | Internal maximum frequency See Note (5) 28.6 25.0 222 (] MHz

A
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Notes to tables:

vy

2
3)
@)

The minimum DC input is -0.3 V. During transitions, the inputs may undershoot to
~2.0 V or overshoot to 7.0 V for periods less than 20 ns under no-load conditions.
Numbers in parentheses are for to military and industrial temperature versions.
Typical values are for T, =25°Cand V=5 V.

When in non-turbo mode, an EPLD will automatically enter standby mode if logic
transitions do not occur (approximately 100 ns after the last transition). The non-
turbo standby current specification (Icc;) does not apply to the EP1810-35 EPLD.

(5) Measured with a device programmed as four 12-bit counters.

(6) Capacitance measured at 25° C. Sample-tested only. Clock-pin capacitance for
dedicated clock inputs only. Pin 19 (high-voltage pin during programming) has a
maximum capacitance of 160 pF.

(7)  See “Turbo Bit” earlier in this data sheet.

(8) Sample-tested only for an output change of 500 mV.

(9) The fy,x values represent the highest frequency for pipelined data.

Product Availability

Grade Availability
Commercial  (0° C 1o 70° C) EP1810-35, EP1810-45
Industrial (—40° C to 85° C) EP1810-40, EP1810-45
Military (-55° C to 126° C) EP1810-45

Note: Only military-temperature-range devices are listed above. MIL-STD-883-compliant
product specifications are provided in Military Product Drawings (MPDs), available from
Altera’s Marketing Department by calling 1 (800) SOS-EPLD. These MPDs should be used
to prepare Source Control Drawings (SCDs). See Military Products in this data book.

Figure 13 shows output drive characteristics for EP1810 I/O pins and
typical supply current versus frequency for the EP1810.

Figure 13. EP1810 Output Drive Characteristics and loc vs. Frequency
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: l ] m—— PLS-SUPREME
A D : A Enhanced A+PLUS

Programmable Logic Software

[ october 1990, ver. 1 Data Sheet |

High-level support for Altera’s general-purpose EP-series EPLDs
Multiple design entry methods

- LogiCaps schematic capture

- Boolean equation and netlist

- State machine and truth table

Complete symbol library of basic gates and over 120 TTL
macrofunctions

Support for user-defined macrofunctions with ADLIB software E

Features

aga

anQ

Fast and efficient design processing to ensure rapid design cycles
- Elimination of unused gates
- Automatic pin and part assignments
- SALSAlogic minimization
- Device Fitter to optimize EPLD resources
O Functional simulation for quick design verification
- Easy definition of inputs with state tables, vector patterns, or
predefined patterns
~  State table or graphic waveform output formats (on-screen or
hard-copy)
—  Access to buried nodes within the design
3 Used with IBM PS/2, PC-AT, and compatible computers

General Altera’s PLS-SUPREME (Enhanced A+PLUS Programmable Logic
. oa Software), shown in Figure 1, is a comprehensive CAE system for designing
Description logic with the Altera EP-series (classic) EPLDs. PLS-SUPREME provides
multiple design entry methods, including LogiCaps schematic capture,
Boolean equation, state machine, truth table, and netlist design entry.
These entry methods may be combined, allowing the designer to “mix and
match” the entry methods that best suit each design. This package also
interfaces with several third-party design entry formats. (Contact Altera

Applications at 1 (800) 800-EPLD for more information.)

A+PLUS includes the Altera Design Processor (ADP), which consists of
integrated modules that produce an industry-standard JEDEC file for
programming the EPLD. The ADP implements logic minimization,
automatic EPLD part selection, architecture optimization, and design fitting.
Inaddition, the ADP produces documentation that shows minimized logic
and EPLD utilization.

PLS-SUPREME also includes a functional simulator (FSIM) to verify designs,
and LogicMap II software to program EPLDs. (Altera programming
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Figure 1. A+PLUS Block Diagram
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File
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Third-Party
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Converter

Design Entry

hardware is not included in PLS-SUPREME. Refer to the PLCAD-
SUPREME or PL-ASAP data sheets for more information about products
that include hardware.) PLS-SUPREME software runs on an IBM PS/2,
PC/AT, or compatible computer and offers the most comprehensive support
available for Altera’s classic EPLDs.

A+PLUS provides the following design entry methods: LogiCaps schematic
capture, Boolean equation, state machine, and truth table design entry.

LogiCaps Schematic Capture

Logic schematics are created with LogiCaps, which allows the user to
quickly construct a wide range of logic circuits. LogiCaps provides two
libraries that can be supplemented with libraries created by the user:

O The A+PLUS Primitive Library includes basic logic gates and flip-
flops.

O The A+PLUS TTL MacroFunction Library has more than 120 TTL-
equivalent macrofunctions, including counters, decoders, and
comparators. This library also includes A+PLUS-specific macrofunc-
tions that are optimized for the Altera EPLD architecture (see Table 1).

O User-defined libraries can be created easily with the Altera Design
Librarian (ADLIB), allowing custom development of new
macrofunction elements.

Page 104

Altera Corporation |




| Data Sheet PLS-SUPREME

Table 1. A+PLUS Macrofunctions
Type Available

Adders 7480, 7482, 7483, 74183, 8FADD

Comparators 7485, 74158, 74518, SMCOMP

Converters 74184, 74185

Counters 7493, 74160, 74161, 74162, 74163, 74190, 74191, 74393, 74160T, 74161T, 74162T,
74163T, 74190T, 74191T, 74192T, 74193T, BCOUNT, 4COUNT, 16CUDSLR, UNICNT2,
GRAY4

Decoders 7442, 7443, 7444, 7445, 7446, 7447, 7448, 7449, 74138, 74139, 74154, 74155, 74156

Flip-Flops 7470, 7471, 7472, 7473, 7474, 7476, 7478, 74173, 74174, 74175, 74273, 74374

Frequency Divider |FREQDIV

Latches 7475, 7477, 74116, 74259, 74279, 74373, NANDLTCH, NORLTCH

Multipliers 74261, MULT2, MULT24, MULT4

Multiplexers 74147, 74148, 74151, 74153, 74157, 74158, 74298, 21MUX

Parity Generators 74180, 74280

Shift Registers 7491, 7494, 7496, 7499, 74164, 74165, 74166, 74178, 74179, 74194, 74198,
BARRELST, UNICNT2

SSI Functions 7400, 7402, 7404, 7408, 7410, 7411, 7420, 7421, 7427, 7430, 7432, 7486, INHB, CBUF

Storage Registers 7498, 74278

True/Comp Element | 7487

ALU 74181

LogiCaps features easy-to-use mouse and keyboard command entry. Tag-
and-drag editing with orthogonal rubberbanding, multiple zoom levels,
and a dual-window display mode simplifies schematic entry. (See
Figure 2.) Schematics can be printed on Epson FX-and LQ-series printers,
and HP7475A, and 7585B, and 7495A drafting plotters. An Altera Design
File (ADF) is generated when a design is saved and linked with other
design files or processed directly with the Altera Design Processor (ADP)
to generate a JEDEC file.

Boolean Equation Entry

The ADF syntax supports Boolean equation design entry and features free-
form entry of all syntactical elements. Boolean equations need not be
entered with a minimized sum-of-products form because the ADP
automatically minimizes the equations before generating the JEDEC
programming file. ADF-format versions of the 120 macrofunctions used
with LogiCaps are also available. An ADF is created with any standard text
editor (in non-document mode). Once a design has been entered, it can be
linked with schematic or state machine files, or directly processed by
A+PLUS.
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Figure 2. Schematic Design Entry

with LogiCaps
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State Machine and Truth Table Entry

State machine designs are entered in Altera’s State Machine File (SMF)
format (see Figure 3). This high-level language description features IF—
THEN statements, CASE statements, and truth tables. Outputs of state
machines may bedefined conditionally or unconditionally, allowing flexible
output structures to be merged with other portions of the design. SMF
syntax also allows multiple state machines to be defined in a single file.
Truth tables may also be used to specify random logic. Once a design has
been entered, A+PLUS automatically generates state equations and
transforms state machine descriptions, automatically choosing D or T
registers for the state variables to ensure the most efficient use of EPLD
resources.

Figure 3. State Machine Diagram and Partial State Machine File
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Design
Processing

The Altera Design Processor (ADP) consists of a series of modules that
automatically transforms the designinto a JEDEC file used to program the
EPLD. First, the design is “flattened” from high-level macrofunctions to
low-level gate primitives. Next, the ADP analyzes the complete logic
circuit and removes unused gates and flip-flops. This “MacroMunching”
enables the designer to freely use high-level building blocks from the
macrofunction library without worrying about optimizing the logic.

When the ADP detects macrofunctions with unconnected inputs, it assigns
the following “intelligent” default values: active-high inputs default to
GND, active-low inputs default to Vcc. Thus, the ADP enhances
productivity by automatically performing some of the designer’s “busy
work.”

The Translator module checks the design for logical completeness and
consistency. For example, it ensures that no two logic function outputs are
tied together and that all logic nodes have an origin. Also, if AUTO is
entered as the EPLD name, the Translator automatically selects the EPLD
best suited to the logic requirements of the design.

The Expander module expands the Boolean equations into sum-of-products
form, checks for evidence of combinatorial feedback, and removes
redundant factors from product terms.

Logic minimization of designs is performed by the Minimizer module.
Minimization tools include Boolean minimization with SALSA (Speedy
Altera Logic Simplifying Algorithm), which yields results that are superior
to other heuristic reduction techniques. The Minimizer uses algorithms
that select equations best represented by a complemented AND/OR
function. This feature reduces product-term demands generated by complex
logic functions. Moreover, for Altera EPLDs with programmable flip-
flops, the Minimizer determines which type of flip-flop yields the most
efficient solution and, if necessary, converts the architecture to D or T
flip-flops.

The fully minimized design is then transferred to the Fitter module. The
fitting routine relies on algorithms based on artificial intelligence software
techniques to place and route the logic into the specified EPLD. If a pin
assignment s specified, the Fitter matches the request. If no pin assignments
are specified, the Fitter automatically finds the best fit for all pins.

Regardless of whether a fit is achieved, the Fitter generates a Utilization
Report (.RPT) that documents macrocell and pin assignments, input and
output pin names, and buried registers, as well as any unused resources.
Figure 4 shows an excerpt from an .RPT file. At the end of design
processing, the ADP generates an industry-standard JEDEC programming
file.
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Figurel, Partial ALTERA Design Processor Utilization Report
Utilization Report bevdis rpt
9(%) FIT Version 7.8 772798 23:56:49 39.16
The Utilzation Report unxnn Design implemented successfully
documents the EPLD Your Name
resources that have been Your Company
used. 18/1/98
1.00
B
EP338
Beverage Dispenser Controller
Input files : bevdis.adf
ADP Options: Minimization = Yes, Inversion Control = No, LEF
Analysis = Yes
OPTIONS: TURBO = ON, SECURITY = OFF
EP330
CLOCK -i1 28i- VCC
CUPFULL -i2 19i- GND
COINDROP -i3 18i- GND
GND -i4 17i- GND
RESET -i5 161~ GND
GND -i 15i- GND
ENABLE -! 14!- DROPCUP
GND - 13!~ STROBE
GND -i9 12i- POURDRNK
GND -i18 11— GND
Simulation Included in the PLS-SUPREME package is a Functional Simulator (FSIM),
whichis a convenient and easy-to-use tool for testing design logic before it
is committed to silicon. FSIM uses the JEDEC file generated by the ADP.
Input logic values with state tables, vector patterns, or predefined patterns
may be defined with any standard text editor. Design debugging is aided
with the BREAK, FORCE, SAVE, and RESTORE commands; buried nodes
can also be accessed. Interactive simulation results are displayed either
graphically with the Virtual Logic Analyzer (VLA) or in a tabular format.
The results may be printed in either format with an Epson or compatible
printer. Figure 5 shows the output of the VLA. The designer can simulate
interactively from the keyboard, or an optional Command File may be
generated to perform batch-mode simulation.
Prog rammi ng LogicMap Il programming software is included in the PLS-SUPREME

package. The software uses the Altera Super Adaptive Programming
(ASAP) algorithm, which significantly reduces the time required to program
an EPLD. LogicMap II uses the JEDEC file created by A+PLUS and Altera
programming hardware to program the target EPLD. LogicMap II also
reads and produces JEDEC files from programmed EPLDs and verifies
programmed devices.
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Figure 5. Virtual Logic Analyzer Output
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EPM5000-Series

MAX EPLDs
A

384 —
256 -
DENSITY
(Flip-Flops &
Latches)

128 -

64

A EPM5016 tpp=15ns

The Complete Industry-Standard
Programmable Logic Family

A EPM5192
tpp=25ns

A EPM5128
tpp=25ns

A EPM5130
tpp=25ns

A EPM5064 tpp=25ns
A EPMS5032 tpp=15ns

1 |
20 40

The Altera EPM5000-series Multiple Array
MatriX (MAX) EPLD:s offers the industry’s
most comprehensive family of program-
mablelogic building blocks.

Advanced MAX architecture provides the
speed, ease of use, and familiarity of PAL
devices with the density of programmable
gate arrays.

Modular family structure solves design
tasks from fast 20-pin address decoders to
100-pin LSI custom peripherals.

Non-volatile, reprogrammable EPROM
technology aids prototype development.

High sequential logic capacity provides
up to 384 registers plus latches.

Up to 66 product terms per output ensure
efficient design of complex state machines.

Exactly emulates all popular 7400-series
functions to facilitate conversion of
existing CMOS and TTL designs.

Easily integrates multiple-package PAL
and PLA designs.

| 1
60

USER I/O

a

EPM5000-series EPLDs provide 15-ns
combinatorial delays, counter frequencies
up to 100 MHz, pipelined data rates up to
100 MHz, and high-complexity designs
with true system-clock rates up to 66 MHz.

A full selection of packages is provided,
including DIP, SOIC, J-lead, PGA, and QFP
formats in windowed ceramic and plastic
one-time-programmable versions.

Easily converts to custom-masked silicon
for very-high-volume production.

MAX EPLDs are supported with
MAX+PLUS PC- and workstation-based
design tools offering hierarchical
schematic and Altera Hardware
Description Language (AHDL) entry
methods, an efficient logic synthesis-based
compiler, and full timing simulator.

Logic compilation and automatic place-
and-route of 600- to 7,500-gate designs is
performed in minutes.

EDIF industry-standard workstation and
third-party CAE tool interfaces are
available.
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Features Complete family of CMOS EPLDs solves design tasks ranging from fast

a

20-pin address decoders to 100-pin LSI custom peripherals.

The advanced MAX architecture combines the speed, ease of use, and
familiarity of PAL devices with the density of programmable gate
arrays.

EPS())IOO—series EPLDs provide 15-ns combinatorial delays, counter
frequencies up to 100 MHz, pipelined data rates of 100 MHz, and high-
complexity designs with true system clock rates up to 66 MHz.
Available in a wide variety of packages, including DIP, SOIC, J-Lead,
PGA, and QFP formats in windowed ceramic and plastic one-time-
programmable versions.

MAX+PLUS PC- and workstation-based development tools compile
large designs in minutes.

Industry-standard EDIF interfaces to workstation and third-party CAE
tools are available.

Figure 1 shows the EPM5000-series modular architecture.

Figure 1. EPM5000-Series Modular Architecture

EPM5182

EPM5130
EPM5128

EPM5032
EPM5016

Macrocells 16 K]
Maximum Flip-Flops 21 42
Maximum Latches 32 64
Pins 20 28
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Family
Highlights

General
Description

¢ Multiple Array MatriX (MAX) architecture solves speed, density, and
des1gn flexibility problems
Advanced macrocell array provides registered, combinatorial, or
flow-through latch operation.
- Expander product-term array automatically provides additional
combinatorial or registered logic.
- Decoupled 1/0 block with dual feedback on I/O pins allows
flexible pin utilization.
-~ Programmable Interconnect Array provides automatic 100%
routing in devices with multiple LABs.
- Eachmacrocell supports synchronous or asynchronous operation
of every macrocell, using single or multiple clocks per device.
¢ EPM5000-Series Performance
- Pipelined data rates up to 100 MHz
-  Counters as fast as 100 MHz
- tpp performance from 15 ns to 25 ns
- Advanced 0.8-micron CMOS EPROM technology
4 EPM5000-Series Logic Density
~  16-to 192-macrocell devices
20- to 100-pin packages
32 to 384 flip-flops and latches
More than 32 product terms on a single macrocell
- Product-term expansion on any data or control path
¢ MAX+PLUS Design Tools
- Designentry via unified, hierarchical schematic captureand Altera
Hardware Description Language (AHDL)
- Fast, automatic design processing with logic synthesis
- Automatic device fitting, no hand editing needed
- Hardware and software design verification tools
Compiles a 16-bit counter in 34 seconds ona 16-MHz 386 computer
. EDIF interfaces to MAX+PLUS provide paths to Dazix, Valid Logic
Systems, Mentor Graphics, and other workstation-based CAE tools.

EPM5000-series Erasable Programmable Logic Devices (EPLDs) representa
revolutionary step in programmable logic: they combine innovative
architecture and state-of-the-art process to offer optimum performance,
logic density, flexibility, and the highest speeds and densities available in
general-purpose reprogrammable logic. These EPLDs are high-speed, high-
density replacements for SSI and MSI TTL and CMOS packages and
conventional PLDs. For example, an EPM5192 replaces over 100 7400-series
SSI and MSI TTL and CMOS packages, integrating complete subsystems
into a single package, saving board area, and reducing power consumption.

These MAX EPLDs range in density from 16 to 192 macrocells. They are
divided into two groups: higher-speed MAX EPLDs (EPM5016 and
EPM5032) and higher-density MAX EPLDs (EPM5064, EPM5128, EPM5130,
and EPM5192). The higher-speed MAX EPLDs achieve system clock
frequencies of 66 MHz, and are capable of counter frequencies of 100 MHz.
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Functional
Description

Logic Array
Block

Logic Array Blocks The EPM5016 and EPM5032 MAX EPLDs havea single
Logic Array Block (LAB). The EPM5064, EPM5128, EPM5130, and EPM5192
MAXEPLDs contain multiple LABs. Each LAB contains a macrocell array,
an expander product-term array, and a decoupled 1/O block. Expander
product terms (expanders) are unallocated, inverted product terms that can
be used and shared by all macrocells in the LAB to create combinatorial and
registered logic. Thus, expressions requiring up to 66 product terms can be
implemented in a single macrocell. Signals in the higher-density devices are
routed between multiple LABs by a Programmable Interconnect Array
(PIA) that ensures 100% routability. This multiple array architecture enables
EPM5000-series EPLDs to offer the speed of smaller arrays with the
integration density of larger arrays.

Modular Architecture The modular architecture of MAX EPLDs provides
integration solutions over a wide range of logic densities. Migration from
one type of device to another is easy. For example, the EPM5128 and
EPM5130 EPLDs have the same logic capacity, but have packages optimized
to handle different I/O requirements. Over the entire family, a wide range
of packaging options for both through-hole and surface-mount applications
is available. Plastic one-time-programmable (OTP) packages are available
for economical volume production.

Logic Design Entry  Logic designs are created and programmed into
EPM5000-series EPLDs with the MAX+PLUS Development System.
MAX+PLUS is a complete CAE system offering hierarchical design entry
tools, automatic design compilation and fitting, timing simulation, and
device programming. The MAX+PLUS Compiler features advanced logic
synthesis algorithms, allowing designs to be entered in a variety of high-
level formats while ensuring the most efficient use of EPLD resources. The
combination of a flexible architecture and advanced CAE tools ensures
rapid design cycles so that a design may go from conception to completion
in single day. Interfaces to third-party tools are also available to allow
design entry and logic simulation on a variety of workstation platforms.

EPM5000-series EPLDs use CMOS EPROM cells to configure logic functions
within the devices. MAX architecture is user-configurable toaccommodate
a variety of independent logic functions, and the EPLDs can be erased for
quick and efficient iterations during design development and debug cycles.

EPM5000-series EPLDs contain from 1 to 12 Logic Array Blocks. Each LAB,
shown in Figure 2, consists of a macrocell array, an expander product-term
array, and anI/O control block. (The number of macrocells and expanders
in the arrays varies with each device.) Macrocells are the primary resource
for logic implementation, but if needed, expanders can be used to
supplement the capabilities of any macrocell. The expander product-term
array consists of a group of unallocated, inverted product terms. Flexible
macrocells and allocatable expanders facilitate variable product-term designs
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Figure 2. Logic Array Block

The LAB consists of a
macrocell array, an
expander product-term
array, and a decoupled
1/0 block. The fiexibility
of the LAB ensures
high speeds and
efficient device
utilization.

1

w HC v Z~—

Macrocells

without the waste associated with fixed product-term architectures. Thus,
PAL or PLA devices are easily integrated into MAX EPLDs. The outputs of
the macrocells feed the decoupled 1/O block, which consists of a group of
programmable tri-state buffers and 1/0 pins. In the EPM5064, EPM5128,
EPM5130, and EPM5192, multiple LABs are connected by a Programmable
Interconnect Array (PIA).

The EPM5000-series macrocell, shown in Figure 3, consists of a
programmable logic array and an independently configurable register. This
register may be programmed for D, T, JK, or SR operation; or as a flow-
through latch; or bypassed for purely combinatorial operation.
Combinatorial logic is implemented in the programmable logic array, which
consists of three product terms ORed together that feed one input of an XOR
gate. The second input to the XOR gate is also controlled by a product term
that makes it possible toimplement active-high or active-low logic. The XOR
gate is also used for complex XOR arithmetic logic functions and for
De Morgan’s inversion to reduce the number of product terms. The output
of the XOR gate feeds the programmable register, or bypasses it for purely
combinatorial operation. The logic array ensures high speed while
eliminating inefficient, unused product terms. Also, expanders can be
allocated to enhance the capability of the logic array.

Additional product terms, called secondary product terms, are used for
Output Enable, Preset, Clear, and Clock logic. Preset and Clear product
terms drive the active-low asynchronous Preset and asynchronous Clear
inputs to the configurable flip-flop. The Clock product term allows each
register to have an independent Clock and supports positive- and negative-
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Figure 3. EPM5000-Series Macrocell
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edge-triggered operation. Macrocells that drive an output pin may use the
Output Enable product term to control the active-high tri-state buffer in the
1/0O control block. These secondary product terms allow 7400-series TTL
functions to be emulated exactly.

The EPM5000-series macrocell configurability makes it possible to efficiently
integrate complete subsystems into a single device. All macrocell outputs
are globally routed withinan LAB and also feed the PIA to provide efficient
routing of signal-intensive designs.

Each LAB has two clocking modes: asynchronous and synchronous. During
asynchronous clocking, each flip-flop is clocked by a product term. Thus,
any input or internal logic may be used as a clock. Systems that require
multiple clocks are easily integrated into EPM5000-series EPLDs.
Asynchronous clocking also allows each flip-flop to be configured for
positive- or negative- edge-triggered operation, giving the macrocell a high
degree of flexibility.

Synchronous clocking is provided by a dedicated system clock (CLK). This
direct connection provides enhanced clock-to-output delay times. Since
each LAB has one synchronous clock, all flip-flop clocks within it are
positive-edge-triggered from the CLX pin. If the CLK pin is not used as a
system clock, it may be used as a dedicated input.
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E xpan der The expander product-term array (Figure 4) contains unallocated, inverted
product terms that enhance the macrocell array. Expanders can be used and
Product shared by all product terms in the LAB. Wherever extra logic is needed
Terms (including register control functions), expanders can be used to implement
the logic. These expanders provide the flexibility to implement register-
intensive and product-term-intensive designs for MAX EPLDs.
Figur e4. Expander Product Terms to Macrocell Array and
Expander Product Term Array
Expander product terms are
unallocated logic that can be D_é
used and shared by all
macrocells in an LAB.
Sharing allows efficient D
integration of complex —\
combinatorial functions. L/
™
-/
E—
Macrg:o;{ sand vo
E E T A A

8-20  Programmable  32-64
Dedicated Interconnect Expander
Inputs Signals  Product Terms

/O Control
Block

Expanders are fed by all signals in the LAB. One expander may feed all
macrocells in the LAB or multiple product terms in the same macrocell.
Since expanders also feed the secondary product terms of each macrocell,
complex logic functions can be implemented without using another
macrocell. Expanders can be cross-coupled to build additional flip-flops or
latches.

Each LAB has an I/O control block (Figure 5) that consists of a user-
configurable I/O control function for each /O pin. The I/O control block is
fed by the macrocell array. The tri-state buffer is controlled by a dedicated
macrocell product term, and drives the /O pad.

Each MAX EPLD has dual feedback—one feedback path before and one
after the tri-state buffer— for every 1/0O pin. The tri-state buffer decouples
theI/O pins from the macrocells so that all registers within the LAB can be
“buried.” Thus, I/O pins can be configured as dedicated input, output,
or bidirectional pins. In multiple-LABMAX devices, I/O pins feed the PIA.
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Programmable
Interconnect
Array

Timing
Model

Figure 5. /O Control Block
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The higher-density EPM5000-series devices (EPM5064, EPM5128, EPM5130,
and EPM5192) use a Programmable Interconnect Array (PIA) to route
signals between the various LABs. The PIA routes only the signals required
for implementing logic inan LAB, and is fed by all macrocell feedbacks and
all 1/O pin feedbacks. Unlike channel routing in masked or programmable
gate arrays—where routing delays are variable and path-dependent—the
PIA has a fixed delay. Because the PIA eliminates skew between signals,
timing performance is easy to predict.

Timing within EPM5000-series EPLD:s is easily determined with MAX+PLUS
software or with the models shown in Figure 6. EPM5000-series EPLDs have
fixed internal delays, that allow the user to determine the worst-case timing
delays for any design. For complete timing information, MAX+PLUS
software provides a timing simulator, a delay predictor, and a detailed
timing analyzer.
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Figure 6. Timing Models Multiple-LAB EPLDs
Design performance can be
predicted with these timing »-{  Expand J
models and the device e
performance specifications. -
INPUT > 0?9'“ Array Y
ntrol Delay -
Input fac e . Output
Delay ™" logcAray | 1o, Flegister Delay 10 Pin
7% Delay M — tho | Q
- tiao tooms :w
System Clock Delay tes | tiarew ,Z
1 PIA > Clock
Delay > Delay
toa > e
r Feedback
¢ Delay -
VODslay | ez
Yo -
Single-LAB EPLDs
st 6day —}
> o
INPUT > logicAmay 5o
Control Delay 1
o Input tac tere . et
Delay =T LogicAmay | 1g, Register Delay 110 Pin
b - Delay ?‘—",H tho - o @
7#_ tcoms :OD
System Clock Delay /S taTeH ,ﬁ
1o - Clock
o Delay Dellay o
tio - ic
Feedback
Delay
)
The timing models shown in Figure 6 may be used together with the internal
timing parameters for a particular EPLD to derive timing information.
External timing parameters are derived from a sum of internal parameters
and represent pin-to-pin timing delays. Figure 7 shows the internal timing
waveforms for these devices. Refer to Application Brief 75 (EPM5000-Series
MAX EPLD Timing) in this data book for further information.
i MAX EPLDs containa programmable Security Bit that controls access to the
esign progr y
. data programmed into the device. If this feature is used, a proprietary
Secu l‘lty design implemented in the device cannot be copied or retrieved. This
feature provides a high level of design security, since programmed data
within EPROM cells is invisible. The Security Bit that controls this function,
as well as all other program data, is reset by erasing the EPLD.
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Figure 7. Switching
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MAXEPLD:s are fully functionally tested and guaranteed. Complete testing
of each programmable EPROM bit and all internal logic elements ensures
100% programming yield. AC test measurements are performed under the
conditions shown in Figure 8.

Figure 8. AC Test Conditions  poye; supply transients can affect AC Vee

measurements. Simultaneous transitions of
multiple outputs should be avoided for 464Q >
accurate measurement. Threshold tests (150 Q) >
should not be performed under AC conditions. Device to Test
Large-amplitude, fast-ground current Output System
transients normally occur as the device . D
outputs discharge the load capacitances. D
When these transients flow through the
parasitic inductance between the device 2500 & C1 (includes JIG
ground pin and the test system ground, it can (820 = acitance
create significant reductions in observable “ cap: )
input noise immunity. Device input

rise and fail

Iélg% ol;l?bers in parentheses are for the fimes < 3 ns l

MAX+PLUS
Development
System

Device
Programming

Test programs may be used and then erased during early stages of the
production flow. This facility to use application-independent, general-
purpose tests s called generic testing and is unique among user-configurable
logic devices. EPLDs also contain on-board logic test circuitry to allow
verification of function and AC specifications once they are packaged in
windowless packages.

The MAX+PLUS Development System is a unified CAE system for
integrating designs into EPM5000-series MAX EPLDs. Designs can be
entered as logic schematics with the Graphic Editor or as state machines,
truth tables, and Boolean equations with the Altera Hardware Description
Language (AHDL). Logic synthesis and minimization optimize the logic of
a design. Design verification and timing analysis are performed with the
Simulator or the delay prediction feature. Errors ina design are automatically
located and highlighted in the schematic or text design file. Hosted on IBM
PS/2, PC-AT, or compatible machines, and workstations (e.g., Apollo, Sun,
IBM), MAX+PLUS gives the designer the tools to quickly and efficiently
create complex logic designs. Further details about the MAX+PLUS
Development System are available in the PLS-MAX Data Sheet.

EPM5000-series EPLDs may be programmed on an IBM PS/2, PC-AT or
compatible computer with an Altera Logic Programmer card, the PLE3-12A
Master Programming Unit, and an appropriate device adapter. These items
are included in the complete PLDS-MAX Development System or may be
purchased separately. EPM5000-series EPLDs may also be programmed
with third-party hardware (see the Third-Party Development & Programming
Support Data Sheet in this data book). Contact Altera or your programming
equipment manufacturer for more information.
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Features

General
Description

O Fast 20-pin MAX single-LAB EPLD

-  Combinatorial speeds with tpp =15 ns

- Counter frequencies up to 100 MHz

- Pipelined data rates up to 100 MHz

16 individually configurable macrocells

32 expander product terms (expanders) that allow 34 product terms in
a single macrocell

Up to 21 flip-flops or 32 latches

Up to 10 input latches that can be constructed with cross-coupled
expanders

24-mA output drivers to allow direct interfacing to system buses
Programmablel/O architecture allowing up to 16 inputs and 8 outputs
Available in 20-pin windowed ceramic or plastic DIP, plastic J-lead
(PLCC), and plastic 300-mil SOIC packages

Qoo Qd QaQ

EPLD optimized for speed. It can integrate multiple SSI and MSI TTL and
74HC devices. In addition, it can replace any 20-pin PAL or PLA device with

The Altera EPM5016 (Figure 9) is a Multiple Array MatriX (MAX) CMOS E
logic left over for further integration.

Figure 9. EPM5016 Pin-Out Diagrams

Package outlines not drawn to scale.
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Figure 10 shows output drive characteristics of EPM5016 1/0 pins and
typical supply current versus frequency for the EPM5016.

Figure 10. EPM5016 Output Drive Characteristics and Ioc vs. Frequency
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The EPM5016, shown in Figure 11, contains 16 macrocells. The expander
product-term array for the EPM5016 contains 32 expanders. The I/0O
control block contains 8 bidirectional I/O pins that can be configured for
dedicated input, dedicated output, or bidirectional operation. All I/O pins
feature dual feedback for maximum pin flexibility.
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Figure 11, EPM5016 Block Diagram

The EPM5016 has 16 macrocells and 32 expanders.
Numbers in parentheses are for the PLCC package.
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Absolute Maximum Ratings  Note: See Operating Requirements for EPLDs in this data book.

Symbol Parameter Conditions Min Max Unit
Vee Supply voltage With respect to GND -2.0 7.0 \
Vpp Programming supply voltage See Note (1) -2.0 13.5 Vv
! DC input voltage -2.0 7.0 \'
| MAX DC Vg or GND current 200 mA
lout DC output current, per pin -25 25 mA
Pp Power dissipation 1000 mwW
Ts1G Storage temperature No bias —65 +150 °C
T amB Ambient temperature Under bias -65 +135 °C
T, Junction temperature Under bias +150 °C

Recommended Operating Conditions  See Note (2)

Symbol Parameter Conditions Min Max Unit
Vee Supply voltage 4.75(4.5) | 5.25(5.5) v
vV, Input voltage 0 Voo v
Vo Qutput voltage 0 Voo v
Ta Operating temperature For commercial use 0 +70 °C
Ta Operating temperature For industrial use —40 +85 °C
Tc Case temperature For military use -55 +125 °C
tg Input rise time 100 ns
te Input fall time 100 ns

DC Operating Conditions See Notes (2), (3), and (4)

Symbol Parameter Conditions Min Typ Max Unit
ViH High-level input voltage 2.0 Vgg +0.3 v
ViL Low-level input voltage -0.3 0.8 \
VoH High-level TTL output voitage loy =-12mADC 24 v
VoL Low-level output voltage oL =24 mADC 05 v
I input leakage current V| = Vg or GND 10 +10 A
oz Tri-state output off-state current Vo= VggorGND -40 +40 A
lcci Ve supply current (standby) V= Vg or GND 80 110 (150) mA
tecs Ve supply current V= Ve or GND 85 115 (175) mA

No load, f = 1.0 MHz
See Note (5)
Capacitance

Symbol Parameter Conditions Min Max Unit
Cin Input capacitance ViN=0V, f =1.0 MHz 10 pF
Cout OQutput capacitance Vour=0V, f=1.0MHz 12 oF
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AC Operating Conditions See Note (4)

External Timing Parameters EPM5016-1 EPM5016-2 EPM5016
Symbol Parameter Conditions | Min | Max | Min | Max | Min { Max [ Unit
t pp1 Input to non-registered output C1=35pF 15 17 20 ns
t pp2 1O input to non-reg. output C1=35pF 15 17 20 ns
t sy Setup time 6 8 il ns
tu Hold time 0 0 0 ns
t cor Clock to output delay C1=35pF 9 11 13 ns
t asu Asynchronous setup time 5 7 9 ns
t an Asynchronous hold time 5 7 8 ns
tcu Clock high time 5 6 8 ns
teL Clock low time 5 6 8 ns
t acH Asynchronous clock high time 4 5 7 ns
t acL Asynchronous clock low time 6 7 9 ns
t aco1 Asynch. clock to output delay C1=35pF 15 17 20 ns
t onr Minimum clock period 10 12 16 ns
f onT Internal maximum frequency 100 83.3 625 MHz
t acnT Minimum asynch. clock period | See Note (6) 10 12 16 ns
f ACNT Max. internal asynch. frequency | See Note (6) 100 833 625 MHz
f max Max. frequency; pipelined data 100 833 625 MHz
For information on internal timing parameters, refer to App. Brief 75 (EPM5000-Series MAX EPLD Timing).
Internal Timing Parameters EPM5016-1 EPM5016-2 EPM5016
Symbol Parameter Conditions | Min [ Max | Min | Max | Min | Max | Unit
tw Input pad and buffer delay 4 5 5 ns
t o /O input pad and buffer delay 4 5 5 ns
t exp Expander array delay 5 8 10 ns
tiap Logic array delay 6 7 9 ns
tiac Logic control array delay 4 5 7 ns
t oo Output buffer and pad delay C1=35pF 4 4 5 ns
tox Output buffer enable delay 7 7 8 ns
txz Output buffer disable delay C1=5pF 7 7 8 ns
tsu Register setup time 2 5 8 ns
tiaTcH | Flow-through latch delay 1 1 1 ns
t qo Register delay 1 1 1 ns
t comg | Combinatorial delay 1 1 1 ns
ty Register hold time 6 8 9 ns
tic Clock delay 6 6 8 ns
tics System clock delay 0 1 2 ns
tep Feedback delay 1 1 1 ns
t pre Register preset time 3 6 6 ns
tanr Register clear time 3 6 6 ns
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Notes to tables:

(V)]

¢
3)
@

®)
(6)

Minimum DCinput is -0.3 V. During transitions, the inputs may undershoot to
2.0 V or overshoot to 7.0 V for periods shorter than 20 ns under no-load
conditions.

Numbers in parentheses are for military and industrial temperature-range
versions.

Typical values are for T, =25° Cand Vgc =5 V.

Vee =5V 5%, Ty = 0° Cto 70° C for commercial use.

Ve =5V 110%, T, = —40° Cto 85° C for industrial use.

Vee =5V £10%, Te = -55° C to 125° C for military use.

Measured with device programmed as a 16-bit counter.

This parameter is measured with a positive-edge-triggered clock at the register.
For negative-edge clocking, the tycy and ty¢p parameters must be swapped.

Product Availability

Grade Availability

Commercial  (0°C to 70° C) EPM5016-1, EPM5016-2, EPM5016

Industrial (—40° Cto 85°C) EPM5016

Military (-55° C to 125° C) EPM5016

Note: Only military-temperature-range EPLDs are listed above. MIL-STD-883-
compliant product specifications are provided in Military Product Drawings (MPDs),
available from Altera Marketing by calling 1 (800) SOS-EPLD. These MPDs should

be used to prepare Source Control Drawings (SCDs). See Military Products in this data
book.
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Fast 28-pin DIP or J-lead single-LAB MAX EPLD

- Combinatorial speeds with tpp =15 ns

- Counter frequencies up to 76 MHz

- Pipelined data rates up to 83 MHz

32 individually configurable macrocells

64 expander product terms (expanders) that allow 66 product terms on
a single macrocell

Up to 42 flip-flops or 64 latches

Up to 21 input latches that can be constructed with cross-coupled
expanders

Programmable I/ Oarchitecture allowing up to 24 inputsand 16 outputs
Available in 28-pin windowed ceramic or plastic one-time-
programmable DIP and J-lead packages, as well as plastic 300-mil SOIC

Features 0

a0 aQ Qg

packages
General The Altera EPM5032 (Figure 12) is a Multiple Array MatriX (MAX) CMOS
. ie EPLD optimized for speed. It can integrate multiple SSI and MSI TTL and
DeSCI‘Iptlon 74HC devices. In addition, it can replace multiple 20-pin PAL or PLA

devices with logic left over for further integration.

Figure 12. EPM5032 Pin-Out Diagrams

Package outlines not drawn to scale.
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Figure 13 shows output drive characteristics of EPM5032 I/O pins and
typical supply current versus frequency for the EPM5032.

Figure 13. EPM5032 Output Drive Characteristics and o vs. Frequency
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The EPM5032, shown in Figure 14, contains 32 macrocells. The EPM5032
expander product-term array contains 64 expanders. The 1/O control
block contains 16 bidirectional I/O pins that can be configured for dedicated
input, dedicated output, or bidirectional operation. All I/O pins feature
dual feedback for maximum pin flexibility.
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Figure 14. EPM5032 Block Diagram  The EPM5032 has 32 macrocslis and 64 expanders. Numbers in parentheses are for

J-lead packages.
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Absolute Maximum Ratings Note: See Operating Requirements for EPLDs in this data book.

Symbol Parameter Conditions Min Max Unit
Vee Supply voltage With respect to GND -2.0 7.0 v
Vep Programming supply voltage See Note (1) -2.0 13.5 \
\ DC input voltage -2.0 7.0 \

I MAX DC V ¢ or GND current 300 mA

lout DC output current, per pin -25 25 mA

Pp Power dissipation 1500 mwW

Ts16 Storage temperature No bias —65 +150 °C

T aMB Ambient temperature Under bias -65 +135 °C

T, Junction temperature Under bias +150 °C
Recommended Operating Conditions  See Note (2)

Symbol Parameter Conditions Min Max Unit
Vee Supply voltage 4.75(4.5) | 5.25(5.5) v
\X Input voltage 0 Ve \'/
Vo Output voltage 0 Ve v
Ta Operating temperature For commercial use 0 +70 °C
Ta Operating temperature For industrial use —40 +85 °C
Tc Case temperature For military use -55 +125 °C
tg Input rise time 100 ns
t F Input fall time 100 ns

DC Operating Conditions See Notes (2), (3), (4)

Symbol Parameter Conditions Min Typ Max Unit
Vin High-level input voltage 2.0 Vee +0.3 \
ViL Low-level input voltage -0.3 0.8 v
VoH High-level TTL output voltage loy =—4mADC 24 \
VoL Low-level output voltage loL =8mADC 0.45 \
1 Input leakage current V| = Vg or GND -10 +10 pA
loz Tri-state output off-state current Vo = Vg or GND -40 +40 pA
lcct Ve supply current (standby) V| =VgcorGND 120 150 (200) mA
lcea Vg supply current V| = Vg or GND 125 156 (225) mA

No load, f = 1.0 MHz
See Note (5)
Capacitance

Symbol Parameter Conditions Min Max Unit
Cin Input capacitance ViN=0V, f =1.0MHz 10 pF
Court Output capacitance Vour=0V, f=1.0MHz 12 pF
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AC Operating Conditions See Note (4)

External Timing Parameters EPM5032-1 EPM5032-2 EPM5032

Symbol Parameter Conditions | Min | Max | Min | Max | Min | Max | Unit
t pp1 Input to non-registered output C1=35pF 15 20 25 ns
t pp2 I/O input to non-reg. output C1=35pF 15 20 25 ns
tsu Setup time 9 12 15 ns
tu Hold time 0 0 0 ns
t cot Clock to output delay C1=235pF 10 12 15 ns
t asu Asynchronous setup time 7 9 12 ns
t AH Asynchronous hold time 7 9 12 ns
tch Clock high time 6 7 8 ns
to Clock low time 6 7 8 ns
t AcH Asynchronous clock high time 6 7 9 ns
t acL Asynchronous clock low time 7 9 11 ns
t Acot Asynch. clock to output delay C1=35pF 15 20 25 ns
t onr Minimum clock period 13 16 20 ns
f ont Internal maximum frequency 76.9 62.5 50 MHz
t AcNT Min. asynch. clock period See Note (6) 13 16 20 ns
f acnT Max. internal asynch. frequency | See Note (6) 76.9 62.5 50 MHz
f MAX Max. frequency; pipelined data 83.3 71.4 62.5 MHz

For information on internal timing parameters, refer to App. Brief 75 (EPM5000-Series MAX EPLD Timing).

Internal Timing Parameters EPM5032-1 EPM5032-2 EPM5032

Symbol Parameter Conditions Min { Max | Min | Max | Min | Max | Unit
tw Input pad and buffer delay 4 5 7 ns
to I/O input pad and buffer delay 4 5 7 ns
t exp Expander array delay 8 10 15 ns
tiap Logic array delay 6 9 10 ns
tiac Logic control array delay 4 7 7 ns
top Output buffer and pad delay C1=385pF 4 5 5 ns
t ox Output buffer enable delay 7 8 11 ns
txz Output buffer disable delay C1=5pF 7 8 11 ns
tsy Register setup time 5 5 8 ns
t  atcn | Flow-through latch delay 1 1 3 ns
t s Register delay 1 1 1 ns
t coms Combinatorial delay 1 1 3 ns
ty Register hold time 6 9 12 ns
tic Clock delay 6 8 10 ns
tcs System clock delay 1 2 3 ns
tep Feedback delay 1 1 1 ns
t pre Register preset time 5 6 9 ns
teoir Register clear time 5 6 9 ns
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Notes to tables:

(V)

@
3
@

5)
6

Minimum DC input is ~0.3 V. During transitions, the inputs may undershoot to
-2.0V or overshoot to 7.0 V for periods shorter than 20 ns under no-load conditions.
Numbers in parentheses are for military and industrial temperature versions.
Typical values are for T, =25°Cand V=5 V.

Ve =5V 15%; T, =0°C to 70° C for commercial use.

Ve =5V 110%; T, = —40° C to 85° C for industrial use.

Voc =5V £10%; Tc = -55° C to 125° C for military use.

Measured with device programmed as a 32-bit counter.

This parameter is measured with a positive-edge-triggered clock at the register. For
negative-edge clocking, the t,cy and ty¢; parameters must be swapped.

Product Availability

Grade Availability
Commercial  (0° C to 70° C) EPM5032-1, EPM5032-2, EPM5032
Industrial (~40° C to 85° C) EPM5032
Military (-55° C 1o 125° C) EPM5032

Note: Only military-temperature-range EPLD:s are listed above. MIL-STD-883-compliant
product specifications are provided in Military Product Drawings (MPDs), available from
Altera Marketing by calling 1 (800) SOS-EPLD. These MPDs should be used to prepare
Source Control Drawings (SCDs). See Military Products in this data book.

Page 136

Altera CorporarionJ




EPM5064

Features

General
Description

O High-density 64-macrocell general-purpose MAX EPLD
O 128shareable expander product terms providing flexible logic expansion
—  Over 32 product terms in a single macrocell
-  64additional latches provided by cross-coupled expanders
O Multiple-LAB MAX architecture with tpp = 25 ns, counter frequencies
up to 50 MHz, and pipelined data rates up to 62.5 MHz
Programmable I/Oarchitecture allowing up to 36 inputsand 28 outputs
44-pin J-lead package that easily integrates 10 standard PALs in 1/2
square inch of board space; windowed ceramic or plastic one-time-
programmable packages for volume production

aga

The Altera EPM5064 is a user-configurable, high-performance MAX EPLD
that serves as a high-density replacement for 7400-series SSI and MSI TTL
and CMOS logic. In addition, it can integrate multiple 20- and 24-pin low-
density PLDs. For example, the EPM5064 can integrate the logic contained
in over 10 standard 20-pin PALs.

Figure 15 shows the package pin-out for the EPM5064 J-lead package. This B
package occupies only 1/2 square inch of board space.

Figure 15. EPM5064 Pin-Out Diagram

Package outline not drawn to scale.
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Figure 16 shows output drive characteristics of EPM5064 1/O pins and
typical supply current versus frequency for the EPM5064. The high
integration density of the EPM5064 often greatly reduces system power
requirements.

Figure 16, EPM5064 Output Drive Characteristics and Io¢ vs. Frequency
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The EPM5064, shown in Figure 17, consists of 64 macrocells equally divided
into 4 Logic Array Blocks (LABs) that each contain 16 macrocells. Each
LAB also contains 32 expander product terms. The flexibility of the LABs
allows easy integration of any common PLD.

The EPM5064 has 8 dedicated input pins, one of which may be used as a
synchronous system clock that provides enhanced clock-to-output delays.
The device has 28 1/0 pins that can be configured for input, output, or
bidirectional data flow. The I/O pins feature dual-feedback to allow any
macrocell to be buried. Two of the LABs have 8 1/0 pins (ensuring high
speed for 8-bit bus functions) and the other two LABs have 6 1/0O pins.
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Figure 17. EPM5064 Block Diagram
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