




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Configuring FLEX 8000 Devices Application Note 33

Together, the MAX+PLUS II Programmer and Altera programming
hardware provide the following capabilities:

Q  APOF canbe programmed into an Altera serial Configuration EPROM
for an AS configuration scheme.

[  An SOF can be downloaded via the FLEX Download Cable for in-
circuit PS configuration of a FLEX 8000 device.

Programming & Configuration Files

This section provides information on the characteristics of each type of
configuration file. The process of creating different configuration files is
described in “Combining & Converting Programming Files” later in this
application note.

SRAM Object File

The SRAM Object File (.sof) is used during passive serial configuration
when the data is downloaded directly into the FLEX 8000 device in-system
with the MAX+PLUS II Programmer, the FLEX Download Cable, and
Altera programming hardware. MAX+PLUS II automatically inserts the
necessary header, formatting, and synchronization bits into the data stream
when it downloads an SOF into a FLEX 8000 device. See “Configuring a
FLEX 8000 Device In-System with MAX+PLUS II & the FLEX Download
Cable” later in this application note for more information.

If configuration files are needed for other configuration schemes,
MAX+PLUS II uses the data in SOF(s) to generate the appropriate POF(s),
a TTF, or a Hex File.

Programmer Object File

The Programmer Object File (.pof) is used to program Altera serial
Configuration EPROMs for an AS configuration scheme. MAX+PLUS II
automatically generates a POF for every FLEX 8000 device in a project. Ina
multi-device project, each FLEX 8000 device has a dedicated serial
Configuration EPROM. MAX+PLUS 1II selects the appropriate
Configuration EPROM to most efficiently store the data for each FLEX 8000
device. :

Hexadecimal (Intel-Format) File

The Hexadecimal File (.hex) is an ASCII file in the Intel Hex format. This
file contains the configuration and formatting data for an industry-standard
byte-wide parallel EPROM that is used to configure a FLEX 8000 device in
an APU or APD configuration scheme. The data in the Hex File is interpreted
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by the programming software when it is programmed into a parallel
EPROM.

The usual base address for FLEX 8000 configuration data is the origin of
the EPROM. In some applications, the origin of the EPROM is required by
other system resources, so some offset is necessary. Inan APU configuration
scheme, the FLEX 8000 device generates ascending addresses starting at
00000H; in an APD configuration scheme, it generates descending addresses
starting at 3FFFFH. The FLEX 8000 device provides these base addresses
for the configuration data during configuration, but any needed offset
address must be generated externally, as shown earlier in Figure 6. The
APU scheme is appropriate if the FLEX 8000 configuration data can be
stored at the beginning of an EPROM or at some known offset in an
EPROM larger than 256 Kbytes. The APD scheme is appropriate if the
FLEX 8000 configuration data is placed in an EPROM in which the low
addresses are not available (as shown in Figure 7), or in an EPROM that
also stores other information that is expected to increase as an application
evolves.

Tabular Text File

The Tabular Text File (.ttf) is a tabular ASCII file that provides a comma-
separated version of the configuration data for the PPA, PPS, and bit-wide
PS configuration schemes. In some applications, the storage device that
contains the FLEX 8000 configuration data is neither dedicated to nor
connected directly to the FLEX 8000 device. For example, an EPROM can
also contain executable code for a system (e.g., BIOS routines) and other
data. The TTF allows you to include the FLEX 8000 configuration data as
part of the source code for the intelligent host (using “include” or “source”
commands). The host can access this data from an EPROM or a mass-
storage device and load it into the FLEX 8000 device.

A TTF can be imported into nearly any Assembly Language or high-level
language compiler. Consult the documentation for your compiler or
assembler for information on including other source files.

If you do not include the TTF in the source code for an intelligent host, the
file’s comma-separated ASCII representation of the binary data must be
converted into its equivalent 8-bit binary format (e.g., 85 would become
01010101) before it is loaded into the FLEX 8000 device. Data must be
stored so that.the least significant bit (LSB) of each byte of data is loaded
first. You can convert the ASCII decimal values into a binary image and
store it on a mass storage device. The intelligent host can then read data
from the binary file and load it into the FLEX 8000 device. You can also use
the intelligent host to perform real-time conversion during configuration.
In the PPA and PPS configuration schemes, the FLEX 8000 device receives
its information in parallel from the data bus, a data port on the CPU, or

Altera Corporation

Page 413 |

(=]
=
1]
-
]
=
(=]
=

(==
@
=
(x]
@




‘ Configuring FLEX 8000 Devices Application Note 33 |

some other byte-wide channel. In the bit-wide PS configuration scheme,
the data is shifted in serially.

Programming a Serial Configuration EPROM

You can program Altera Configuration EPROMs with MAX+PLUSII, the
PL-MPU Master Programming Unit, and the appropriate Configuration
EPROM programming adapter. The PLM]J1213 adapter programs
Configuration EPROMs in 8-pin plastic dual in-line package (PDIP) and
20-pin plastic J-lead chip carrier (PLCC) packages; the PLMT1064 adapter
programs Configuration EPROMs in 32-pin thin quad flat pack (TQFP)
adapters.

To program an Altera serial Configuration EPROM:

1. Choose the Programmer command (MAX+PLUS Il menu) to open the
Programmer window.

2. By default, the Programmer loads the POF for the current project. If
necessary, load a different POF with the Select Programming File
command (File menu). The appropriate device for the current
programming file is displayed in the Device field.

3. Insertablank Configuration EPROM into the 8-pin DIP, 20-pin J-lead,
or 32-pin QFP socket on the programming adapter. The socket for the
FLEX 8000 device (if any) must be empty.

4. Choose the Program button.

After successful programming, you can place the Configuration EPROM
on the target board to configure a FLEX 8000 device in the AS configuration
scheme.

Configuring a FLEX 8000 Device In-System with MAX+PLUS Il & the
FLEX Download Cable

To configure a FLEX 8000 device with the FLEX Download Cable:

1. Connect the FLEX Download Cable to the 9-pin D-type connector on a
Configuration EPROM programming adapter.

2. Connect the other end of the FLEX Download Cable to the 10-pin male
header on the target board.

3. Start MAX+PLUS II and choose the Programmer command

(MAX+PLUS II menu) to open the Programmer window.

Choose the Select Programming File command (File menu).

Select the desired SOF filename in the Files box or type a name in the

File Name box. If you choose a programming file from another project,

you are asked if you wish to change the current project name.

6. Choose OK.

7. Choose the Program button to configure the device.

91
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After the device is configured and initialized, it enters user mode and
operates as alogic device. The FLEX Download Cable is electrically removed
from the circuit and does not influence circuit operation. You can also
physically disconnect the FLEX Download Cable without disturbing the
FLEX 8000 configuration data or device operation.

Combining & Converting Programming Files

MAX+PLUS II automatically generates a POF and an SOF for every
FLEX 8000 device in a project, as described earlier in this application note.
The POF can be programmed into an Altera serial Configuration EPROM
used in an AS configuration scheme; by default, each FLEX 8000 device has
one dedicated Configuration EPROM.

You may wish to combine and/or convert the automatically generated
SOFs into a different format for the following purposes:

@ To use a configuration scheme other than AS. You must convert an
SOF into a Hex File or a TTF for programming a parallel EPROM,
BIOS EPROM, or another data source.

1 To combine multiple sets of configuration data to be used for in-circuit
reconfiguration in any configuration scheme.

To convert an SOF into a Hex File or TTF:

1. Refer to Table 2 to calculate the required data space in a parallel or
serial data source.

2. Choose the Combine Programming Files command (File menu) in
the MAX+PLUS II Programmer or Compiler.

3. Select the desired SOF name in the Files box or type a name in the File
Name box under Input Files. Choose the Add button to add it to the
Selected Files box.

4. Specify information for the desired configuration scheme:

-  Ifthe FLEX 8000 device will be configured with a parallel EPROM
in the APU or APD configuration scheme, select .hex (Active
Parallel) in the File Format drop-down list box under Output File.

In addition, if the FLEX 8000 configuration data will not start at
the origin of the EPROM, specify the base address for the
configuration data in the Address box under Input Files. Choose
Up or Down under Count to specify whether the FLEX 8000 device
should count up or down. The counting sequence can be either
ascending (00000H to 3FFFFH) for APU configuration or
descending (3FFFFH to 00000H) for APD configuration, as
described in “Hexadecimal (Intel-Format) File” earlier in this
application note.
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Configuring FLEX 8000 Devices Application Note 33

or:

—  If the FLEX 8000 device will be configured with a PPA, PPS, or
bit-wide PS scheme, select .ttf (Passive Parallel) in the File Format
drop-down list box under Output File. The TTF can be incorporated
as source code for a data structure in a high-level programming
language. Otherwise, the TTF data must be converted into its
equivalent 8-bit binary format before it is loaded into the
FLEX 8000 device, as described in “Tabular Text File” earlier in
this application note.

The default name for the output file is the current project name plus
the extension .hex or .ttf. To give a different name to the file, type a
name in the File Name box under Output File.

Choose OK to generate the Hex File or TTF. The file is placed in the
current project directory.

You can use in-circuit reconfiguration to load multiple sets of configuration
data into the FLEX 8000 device in a system. The following procedure
describes how to combine SOFs for in-circuit reconfiguration of a FLEX 8000
device.

To combine SOFs for in-circuit reconfiguration with multiple sets of
configuration data:

1.

2.

1

Refer to Table 2 to calculate the required data space in a parallel or
serial data source.

Choose the Combine Programming Files command (File menu) in
the MAX+PLUS Il Programmer or Compiler.

Select the SOF with the first set of configuration data and choose the
Add button to add it to the Selected Files box.

Repeat step 3 until all SOFs have been added to the Selected Files box.
Arrange the selected files in the order in which the different sets of
configuration data will be used by selecting each SOF filename and
choosing the Up or Down button under Order.

Specify information for the desired configuration scheme, select the
output filename, and choose OK. (The default name for the output file
is the current project name plus the extension .hex, .ttf, or .pof. To give
a different name to the file, type a name in thge File Name box under
Output File. If multiple POFs are generated, they are uniquely identified
by a sequence number appended to the filename (e.g., the first is
device.pof, the second is devicel.pof, etc. You can specify an output
filename that has less than the maximum of eight characters to leave
room for the numerical index; otherwise, the last character(s) are
truncated to include it.)
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Configuration
Reliability

The FLEX architecture has been designed to minimize the effects of power
supply and data noise in a system, and to ensure that the configuration
data is not corrupted during configuration or normal user-mode operation.
A number of circuit design features are provided to ensure the highest
possible level of reliability from this SRAM technology.

Cyclic redundancy check (CRC) circuitry is used to validate every data
frame (i.e., sequence of data bits) as it is loaded into the FLEX 8000 device.
If the CRC generated by the FLEX 8000 device does not match the data
stored in the data stream, the configuration process is halted, and the
nSTATUS pin is pulled and held low to indicate an error condition. This
CRC circuitry ensures that noisy systems will not cause errors that yield an
incorrect or incomplete configuration.

The FLEX architecture also provides a very high level of reliability in low-
voltage brown-out conditions. The SRAM cells require a certain V- level
to maintain accurate data. Since this voltage threshold is significantly
lower than that required to activate the power-on reset (POR) circuitry in
the FLEX 8000 device, the FLEX 8000 device stops operating if the V¢
starts to fail, and indicates an operation error by pulling and holding the
nSTATUS pin low. The device must then be reconfigured before it can
resume operation as a logic device. In active configuration schemes, recon-
figuration begins as soon as V¢ returns to an acceptable level if the
nCONFIG pin is tied to Vc. Otherwise, the host system must start the
reconfiguration process.

These device features ensure that FLEX 8000 devices have the highest
possible reliability in a wide variety of environments, and provide the
same high level of system reliability that exists in other families of Altera
programmable logic devices.
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’ August 1993, ver. 2 Application Brief 10ﬂ

Introduction Altera EPLDs provide device performance that is consistent from simulation
to application. Before programming a device, you can determine the worst-
case timing delays for any design. You can calculate propagation delays
either with the MAX+PLUS II Timing Analyzer or with the timing models
given in this application brief and the timing parameterslisted in individual
device data sheets. Both methods yield the same results.

This application brief defines device internal delay parameters and AC
timing characteristics, and illustrates the timing models for the Classic,
MAX 5000/EPS464, and MAX 7000 device families. For information on
FLEX 8000 timing, refer to the FLEX 8000 Programmable Logic Device Family
Data Sheet in this data book.

Familiarity with EPLD architecture and characteristics is assumed. Refer
toindividual device data sheets in this data book for complete descriptions
of the architectures.

Internal EPLD Within an EPLD, timing delays contributed by individual architectural
elements are called microparameters. The following list defines

DEIav microparameters for Classic, MAX 5000/EPS464, and MAX 7000 EPLDs.

Parameters Individual device data sheets for MAX 5000/ EPS464 and MAX 7000 EPLDs
give the values for these parameters; microparameters for Classic EPLDs
are listed in this application brief.

tN Input pad and buffer delay. In Classic and MAX 5000/EPS464
EPLDs, it is the time required for a dedicated input pin to drive
the true and complement data input signal into the logic array(s).
In MAX 7000 devices, it is the time required for a dedicated input
pin to drive the input signal into the Programmable Interconnect
Array (PIA) or into the global control array.

tio I/0 input pad and buffer delay. This delay applies to I/O pins
used as inputs. In Classic EPLDs, it is the delay added to tpy. In
MAX 5000/ EPS464 EPLDs with a single Logic Array Block (LAB),
it is the delay from the I/O pin to the logic arrays. In MAX 7000
and multi-LAB MAX 5000 EPLDs, it is the delay from the I/O pin
to the PIA.

(=]
=
D
-
QO
=
o
=

Altera Corporation Page 419




Understanding EPLD Timing

Application Brief 100

tpra

texp

tsexp

tpEXP

tics

tcLoB

tcrr

tPRE

trap

Programmable Interconnect Array delay. The delay incurred by
signals that require routing through the PIA. MAX 7000 and
multi-LAB MAX 5000 EPLDs only.

Expander array delay. The delay of a signal through the AND-NOT
structure of the shared expander product-term array that is fed
back into the logic array. MAX 5000/EPS464 EPLDs only.

Shared expander array delay. The delay of a signal through the
AND-NOT structure of the shared expander product-term array
that is fed back into the logic array. MAX 7000 EPLDs only.

Parallel expander delay. The additional delay incurred by adding
parallel expander product terms to the macrocell product terms.
For each group of up to five parallel expanders added to a single
function, an additional tppxp delay is added to the timing path.
MAX 7000 EPLDs only.

Global Clock delay. The delay from the dedicated Clock pin to a
register’s Clock input. Classic and MAX 5000 EPLDs only.

Global control delay. The delay from a dedicated input pin to any
global control function in a macrocell or I/ O control block. EPS464
and MAX 7000 EPLDs only.

Logic array control delay. The AND array delay for register control
functions such as Preset, Clear, and Output Enable. MAX 5000/
EPS464 and MAX 7000 EPLDs only.

Array Clock delay. The delay through a macrocell’s Clock product
term to the register’s Clock input.

Register Enable delay. The register AND array delay from the PIA
to the register Enable input. MAX 7000 EPLDs only.

Register Clear time. The delay from the time when the register’s
asynchronous Clear input is asserted to the time the register
output stabilizes at logical low.

Register Preset time. The delay from the time when the register’s
asynchronous Preset input is asserted to the time the register
output stabilizes at logical high.

Logic array delay. The time a logic signal requires to propagate
through a macrocell’s AND-OR-XOR structure.

Register delay. The delay from the rising edge of the register’s
Clock to the time the data appears at the register output.
MAX 5000/EPS464 and MAX 7000 EPLDs only.
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tsy Registér setup time. The time required for a signal to be stable at
the register input before the Clock’s rising edge to ensure that the
register correctly stores the input data.

ty Register hold time. The time required for a signal to be stable at
the register input after the register Clock’s rising edge to ensure
that the register correctly stores the input data.

tcomp Combinatorial buffer delay. The delay from the time when a
combinatorial logic signal bypasses the programmable register to
the time it becomes available at the macrocell output. MAX 5000/
EPS464 and MAX 7000 EPLDs only.

trarcy  Latch delay. The propagation delay through the programmable
register when it is configured as a flow-through latch. MAX 5000
EPLDs only.

trp Feedback delay. In Classic EPLDs, it is the delay of a macrocell
output fed back into the logic array. In single-LAB
MAX 5000/EPS464 EPLDs, it is the delay of a macrocell output
fed back into the logic array. In multi-LAB MAX 5000 EPLDs, it is
the delay of a macrocell output fed back into the LAB’s logic array
or to a PIA input.

top Output buffer and pad delay. The delay from the macrocell
output, through the tri-state output buffer, to the output pin.

txz Output buffer disable delay. The delay required for high
impedance to appear at the output pin after the output buffer’s
. Enable control is disabled.

trx Output buffer enable delay. The delay required for the macrocell
output to appear at the output pin after the output buffer’s
Enable control is enabled.

trpa Low-power adder. The delay associated with macrocells in low-
power operation. In low-power mode, t; p, must be added to the
logic array delay (t; 4p), register control delay (t; ac, tic, tacr, OF
ten), and the shared expander delay (tsexp) paths. MAX 7000
EPLDs only.

AC Tlmlng AC timing characteristics, called macroparameters, represent actual pin-
. as to-pin timing characteristics. Each macroparameter consists of a
CharacteristicS  combination of internal delay elements (microparameters). The data sheet
for each EPLD gives timing macroparameters that characterize the AC
operating specifications. These are worst-case values, derived from
extensive performance measurements and guaranteed by testing. The
following list defines macroparameters for Classic, MAX 5000/EPS464,

and MAX 7000 EPLDs.
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Models

tpp1

tpp2

tpzx

tpxz

tcrr

tco:

tenT

tasu

tan

tacon

taeNT

Dedicated input pin to non-registered output delay. The time
required for a signal on any dedicated input pin to propagate
through the combinatorial logic in a macrocell and appear at an
external EPLD output pin.

I/0 pin input to non-registered output delay. The time required
for a signal on any I/O pin input to propagate through the
combinatorial logic in a macrocell and appear at an external
EPLD output pin.

Tri-state to active output delay. The time required for an input
transition to change an external output from a tri-state (high-
impedance) logic level to a valid high or low logic level.

Active output to tri-state delay. The time required for an input
transition to change an external output from a valid high or low
logic level to a tri-state (high-impedance) logic level.

Time to clear register delay. The time required for a low signal to
appear at the external output, measured from the input transition.

Global Clock setup time. The time data must be present at the
input pin before the global (synchronous) Clock signal is asserted
at the Clock pin.

Global Clock hold time. The time the data must be present at the
input pin after the global Clock signal is asserted at the Clock pin.

Global Clock to output delay. The time required to obtain a valid
output after the global Clock is asserted at the Clock pin.

Minimum global Clock period. The minimum period maintained
by a globally clocked counter.

Array Clock setup time. The time data must be present at the
input pin before an array (asynchronous) Clock signal is asserted
at an input pin.

Array Clock hold time. The time data must be present at the input
pin after an array Clock signal is asserted at an input pin.

Array Clock to output delay. The time required to obtain a valid
output after an array Clock signal is asserted at an input pin.

Minimum array Clock period. The minimum period maintained
by a counter when it is clocked by a signal from the array.

Timing models are simplified block diagrams that illustrate propagation
delays through Altera EPLDs. Logic can be implemented in different
paths. You can trace the actual paths used in your Altera device design by
examining the equations listed in the MAX+PLUS II Report File (.rpt) for
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the project. You then add up the appropriate microparameters to calculate
the propagation delays through the EPLD.

Classic EPLDs

The Classic architecture provides registered and combinatorial capabilities.
Registers can be clocked from a global Clock or through an array (product-
term) Clock, and can be asynchronously cleared. When the global Clock is
used, the Output Enable can be controlled by a product term. Figure 1

shows the timing model for Classic devices.

Figure 1. Classic EPLD Timing Model

If the register is bypassed, the delay between the logic array and the output buffer is zero.
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Tables 1 through 6 show the internal delay parameters for all Classic

EPLDs.
Table 1. EP330 Timing Paramefers (in ns)
Parameter EP330-12 EP330-15
v 2 3
to 1 1
trx 3 4
tyz 3 4
ty 4 5
te n/a n/a
tics 3 3
tep 1 1
top n/a n/a
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Table 2. EP610 Timing Parameters (in ns)

Parameter | EP610-15 | EP610-20 | EP610-25 | EP610-30 | EP610-35
tw 4 4 8 9 11
tio 2 2 2 2 2
tiap 6 11 11 14 15
top 5 5 6 7 9
tox 5 5 6 7 9
tyz 5 5 6 7 9
tsy 5 4 11 11 12
ty 4 7 10 10 10
te 6 1 13 16 17
tics 2 4 1 1 0
tep 1 1 3 5 8
tein 6 11 13 16 17

Table 3. EP610A Timing Parameters (in ns)

Parameter EP610A-7 EP610A-10 EP610A-12 EP610A-15
tn 3 2 1 2
to 0 0 0 0
tLap 35 6 8 10
top 1 2 3 3
trx 1 2 3 4
tyz 1 2 3 4
tsu 35 3 3 3
ty 25 3 4 6
tic 4 6 8 9
tics 1 2 3 3
tep 1 1 1 1
letr 3.5 6 8 11
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Table 4. EP910 Timing Parameters (in ns)

Parameter EP910-30 EP910-35 EP910-40
tn 9 10 13
tio 3 3 3
tiap 14 16 17
top 7 9 10
trx 7 9 10
tyz 7 9 10
tsu 12 13 15
ty 12 12 12
tic 17 19 20
tics 2 2 1
tep 4 6 8
torm 17 19 20
Table 5. EP910A Timing Paramelers (in ns)
Parameter EP910A-10 EP910A-12 EP910A-15
tw 2 1 2
to 0 0 0
tLap 6 8 10
top 2 3 3
toy 3 4 4
tyz 3 4 4
tsy 3 3 3
ty 3 4 6
tic 6 8 9
tics 2 3 3
tep 1 1 1
torr 7 9 11
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Table 6. EP1810 Timing Parameters (in ns)

Parameter EP1810-20 EP1810-25 EP1810-35 EP1810-45
tw 5 7 7 6
to 2 3 5 5
tiap 9 12 19 28
too 6 6 9 11
tox 6 6 9 1
txz 6 6 9 11
tsy 8 10 10 10
ty 5 7 15 18
tic 9 12 19 28
tes 4 5 4 8
teo 3 3 6 7
torm 9 12 24 32

MAX 5000/EPS464 EPLDs

The MAX 5000 architecture supports many functions. The macrocell array
provides registered, combinatorial, or flow-through latch operation. The
registers can be clocked from a global Clock or through product-term array
Clocks, and can be asynchronously preset and cleared. Separate product
terms control the Output Enable and logic inversion. The array of shared
expander product terms provides additional product terms to implement
complex logic.

The EPS464 is an advanced general-purpose EPLD based on the
MAX 5000 architecture. It has 64 enhanced macrocells and 256 shared
expanders, all of which are routed globally to implement complex projects.

MAX 5000 EPLDs are divided into two categories: single- and multi-LAB
EPLDs. Figure 2 shows the timing model for the single-LAB EPM5016 and
EPM5032 EPLDs.
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Figure 2. Single-LAB MAX 5000 EPLD Timing Model
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Figure 3 shows the timing model for the multi-LAB MAX 5000 EPLDs: the
EPM5064, EPM5128, EPM5128A, EPM5130, EPM5192, and EPM5192A
EPLDs. In multi-LAB devices, the Programmable Interconnect Array (PIA)
routes signals between different LABs. All I/O inputs come into the logic
array through the PIA. Signals routed through the PIA incur an additional
delay.

Figure 3. Multi-LAB MAX 5000 EPLD Timing Model

»  Expander _+
g Delay
> texp
»(  LogicArray
®| Control Delay |tcgp ¢
> tiac >
e T » tppe
Delay P LogicArray [tg, | Register Output
tw ; Delay > Delay Delay
> tiap H tap »| top »<>
»| fcoms txz
Giobai Clock Delay t;0g tiatcH tzx
o PiA —% Clock
> Delay ; Delay >
tpia > te
Feedback
Delay <
110 tro
Delay |«
tio

(=}
=
@
=
0
=
o
=

Altera Corporation Page 427




Understanding EPLD Timing Application Brief 100

The timing model for the EP5464 EPLD is shown in Figure 4.

Figure 4. EPS464 EPLD Timing Model
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MAX 7000 EPLDs

The MAX 7000 architecture differs from the MAX 5000 architecture in
several ways. MAX 7000 architecture has globally routed register Clock
and Clear and tri-state buffer Output Enable signals. Two types of expander
product terms—shared and parallel—can be used to implement complex
logic. Each macrocell can be set for low-power operation to reduce power
dissipation in the EPLD. Figure 5 shows the timing model for MAX 7000
EPLDs.

Figure 5. MAX 7000 EPLD Timing Model
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Calculating
Timing Delays

You can calculate pin-to-pin timing delays for any device with the
appropriate timing model and internal delay parameters. Each AC timing
macroparameter is calculated from a combination of internal delays.
Figure 6 illustrates the various macroparameters. To calculate the delay for
a signal that follows a different path through the EPLD, refer to the timing
models shown in Figures 1 through 5 to determine which microparameters

to add together.

Figure 6. AC Timing Parameters (Part 1 of 3)
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Figure 6. AC Timing Parameters (Part 2 of 3)
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Figure 6. AC Timing Parameters (Part 3 of 3)
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Examples

The following examples show how to use microparameters to calculate the
delays for real applications.

Example 1: 7483 TTL Macrofunction

You can analyze the timing delays for macrofunctions that have been
subjected to minimization and logic synthesis. A MAX+PLUS II Report
File that includes the optional Equations Section lists the synthesized logic
equations. These equations are structured so that you can quickly determine
the logic configuration. For example, Figure 7 shows part of a 7483 TTL
macrofunction (a 4-bit full adder). The Report File gives the following
equations for S1, the least significant bit of the adder:

s1 = OUTPUT ( _LCO21 , VCC );
_LC021 = LCELL ( _EQ026 $ CO );
_EQ026 = B1 & !Al

# !Bl & Al;

Figure 7. Adder Logic Timing for MAX 5000/EPS464 & MAX 7000 Architecture

Al [ O>—4

NOT

Bl [ o D s
NOT !

co—

MAX 5000/
EPS464:
MAX 7000:

S1 is the output of macrocell 21 (_1.c021), which contains combinatorial
logic. The combinatorial logic LCELL (_EQ026 $ CO) represents the XOR of
the intermediate equation _EQ026 and the carry-in C0O. In turn, _EQ026 is
logically equivalent to the XOR of inputs Bl and A1. Therefore:

Timing delay for S1 in MAX 5000/EPS464 EPLDs:
tiv + tLap + tcoms + top '

Timing delay for s1 in MAX 7000 EPLDs:
tn +tpia + trap + tcoms + top
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Example 2: S2 Adder Bit

For complex logic that requires expanders (represented as _X<number> in
Report Files), the expander array delay, tpxp (or tspxp for MAX 7000
EPLDs), is added to the delay element. The second bit of the 7483 adder
macrofunction, S2, requires shared expanders. The equations are:

S2 = _LCO019;

_LC019 = LCELL( _EQ023 $ _EQ024 );
_EQ023 = _X029 & _X030 & _X031;
_X029 = EXP( !Bl & Al );

_X030 = EXP( !Bl & !CO );

_X031 = EXP( !'al & !CO );

_EQ024 = _X032 & _X033;

_X032 = EXP( !B2 & A2 );

_X033 = EXP( B2 & A2 );

Figure 8 shows how you can map the logic structure onto the MAX 5000/
EPS464 and MAX 7000 architectures with these equations. Therefore:

Timing delay for S2 in MAX 5000/EPS464 EPLDs:
tiv + texp + tLap + tcoms + top

Timing delay for 82 in MAX 7000 EPLDs:
tin + tppa + tspxp + trap + tcoms + top-

Figure 8. Adder Equations Mapped to MAX 5000/EPS464 & MAX 7000 Architecture
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Conclusion

Example 3: S2 Adder Bit With Parallel Expanders (MAX 7000)

The Compiler uses parallel expanders if the Parallel Expanders logic
synthesis option is turned on when a project is compiled for MAX 7000
EPLDs. When parallel expanders are used, no shareable expanders are
used, and the timing delay for the S2 bit of the 7483 becomes:

tiN+ tpia + tLap + tpexp + tcoms + top

Example 4: S1 Adder Bit in Low-Power Mode (MAX 7000)

If a macrocell in a MAX 7000 EPLD is set for low-power mode, then you
must add the low-power adder delay to the total delay through that
macrocell. In Figure 7, the S1 delay thus becomes:

tin + tpra + tpa + trap + tcoms + top

The architectures of Altera EPLDs have fixed internal timing delays that
are independent of routing. You can determine the worst-case timing
delays for any design before programming a device. Total delay paths
(macroparameters) can be expressed as the sums of internal timing delays
(microparameters). Timing models illustrate the internal delay paths for
EPLDs and show how these microparameters affect each other. You can
use MAX+PLUS II development tools to automatically calculate delay
paths, or hand-calculate delay paths by adding the microparameters for an
appropriate timing model. With this ability to predict worst-case timing
delays, you can be confident of a design’s in-system timing performance.
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Data Sheet I

Introduction

A programmable logic design environment ideally satisfies a large variety
of design requirements: it should support devices with different
architectures, run on multiple platforms, provide an easy-to-use interface,
and offer a broad range of features. Moreover, the design environment
should give designers the freedom to use the tools of their choice. The
Altera MAX+PLUS II development system, a fully integrated
programmable logic design environment, meets all of these requirements.

The MAX+PLUS II design environment offers unmatched flexibility and
performance. The rich graphical user interface is complemented by complete
and instantly accessible on-line documentation, which makes learning and
using MAX+PLUS II quick and easy.

0

Modular Tools Designers can customize their development
environment by choosing from a variety of design entry, design
processing, and design verification options, all of which are described
in this data sheet. New features can be added as they are needed,
preserving the initial tools investment. Since MAX+PLUS II supports
multiple device families, designers can add support for new
architectures without having to learn new tools.

Architecture-Independence ' The MAX+PLUS II Compiler, the heart of
the MAX+PLUS II system, supports Altera’s Classic, MAX 5000/
EPS464, MAX 7000, and FLEX 8000 programmable logic device families,
offering the industry’s only truly architecture-independent
programmable logic design environment. The Compiler also provides
powerful logic synthesis and minimization to efficiently fit designs
with minimal user effort.

Multiple Platforms MAX+PLUS II runs under Microsoft Windows on
386~ or 486-based PCs and under X Windows on Sun SPARCstations
and HP 9000 Series 700 workstations.

Open Interfaces  Altera works closely with CAE manufacturers to link
MAX+PLUS II with other industry-standard design entry, synthesis,
and verification tools. The interfaces to CAE tools comply with
EDIF 200 or 290, library of parameterized modules (LPM), Verilog,
VHDL, and other standards. They allow designers to create a logic
design with Altera or standard CAE design entry tools, compile the
design for an Altera device with the MAX+PLUS II Compiler, and
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MAX+PLUS Il Programmable Logic Development System & Software Data Sheet

perform device- or board-level simulation with Altera or other CAE
verification tools. MAX+PLUS II currently supports interfaces to tools
from Cadence, Exemplar, Data I/0, Intergraph, Mentor Graphics,
Minc, OrCAD, Synopsys, Viewlogic, and others.

[  FullIntegration Together, the MAX+PLUSII design entry, processing,
and verification features offer the most fully integrated suite of
programmable logic development tools available, allowing faster
debug and shorter development cycles.

The MAX+PLUS II design process, shown in Figure 1, consists of four
phases: design entry, design processing, design verification, and device
programming.

Figure 1. MAX+PLUS Il Design Environment

Design Entry [\ Design Processing I\ Verification & Programming
/@, Graphic Timing
i;’ . Design Entry Simulation (7)
lobeay  Text Design . Functional
18
rirdy  Waveform 2 Design-Rule Multi-Device
j . Design Entry (1) ® Checking Simulation (1)
j S—
Hierarchical Logic Timing
Design Entry Synthesis & Analysis
e Fitting
EDIF Standard CAE Design Entry: Muiti-Device Device
LPM Cadence Partitioning Programming
Others Mentor Graphics
OrCAD .
Synopsys »  Automatic Standard CAE
Viewlogic Error Verilog  Design Verification:
Location (7) VHDL Cadence
Others Mentor Graphi
Others entor Graphics
Logic Modeling
Synopsys
Viewlogic
Others
Device Support m =
Options
Note:

(1) Available only in the PC-based version of MAX+PLUS II.
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Design Entry

MAX+PLUS II can integrate design files—generated with the
MAX+PLUS 1I design entry tools or with a variety of other industry-
standard CAE design entry tools—into a single design hierarchy. The high
degree of integration between MAX+PLUS II applications allows
information to flow freely to and from each application. For example,
errors identified during compilation, simulation, and timing analysis can
be automatically located and highlighted in the original design file. If a
design (called a project in MAX+PLUS II) consists of two or more
hierarchical levels, the designer can go from one design file directly to all
other design files in the hierarchy, regardless of whether they are graphic-,
text-, or waveform-based.

Schematic Capture & Symbol Editing

The MAX+PLUS II Graphic Editor (shown in Figure 2) makes schematic
design entry fast and easy. Drag-and-drop editing quickly moves one or
more objects or an entire area. During a move, a net can be preserved with
the rubberbanding feature. The designer can also make a design more
compact by connecting primitives with buses to create arrays of symbols.
Over 300 74-series and other macrofunctions are available.

MAX+PLUS II can automatically create a symbol for any design file. With
the Symbol Editor (also shown in Figure 2), the designer can modify a
symbol to customize its appearance, or create an entirely new symbol.

Figure 2. MAX+PLUS.Il Graphic & Symbol Editors
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Text Design Entry

With the MAX+PLUS II Text Editor, the designer can view and edit any
ASCII text file, including EDIF netlists. The Text Editor is ideal for entering
and editing design files written in the Altera Hardware Description
Language (AHDL).

AHDL

The Altera Hardware Description Language (AHDL) is a high-level modular
language used to create logic designs for Altera devices. It can implement
state machines, truth tables, conditional logic, and Boolean equations.
AHDL syntax supports arithmetic and relational operations such as
addition, subtraction, equality, and magnitude comparisons. Standard
Boolean functions (e.g., 2ND, OR, NAND, NOR, XOR, and XNOR) are also available.
Since AHDL supports groups, operations can be performed on a byte- or
word-wide basis as well as on single variables. Together, these features
make it easy to implement complex projects in a concise, high-level
description.

Waveform Design Entry

The MAX+PLUS I Waveform Editor (shown in Figure 3) is used to create
and edit waveform design files, as well as input vectors for simulation and
functional testing. The Waveform Editor also functions as a logic analyzer
that allows the designer to view simulation results.

Waveform design entry is best suited for sequential and repeating functions.
The Compiler’s advanced waveform synthesis algorithms automatically
generate logic from user-defined input and output waveforms that represent
registered, combinatorial, and state machine logic. The Compiler
automatically assigns state bits and state variables for state machines.

Waveform Editor features allow the designer to copy, cut, paste, repeat,
and stretch waveforms; to create design files with internal nodes, flipflops,
and state machines; to combine waveforms into groups that display binary,
octal, decimal, or hexadecimal values; and to compare two sets of simulation
results by superimposing one set of waveforms on another.
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Figure 3. MAX+PLUS Il Waveform Editor
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Industry-Standard CAE Design Entry

The MAX+PLUS II Compiler can interface with other standard CAE tools
that generate EDIF 2 0 0 and EDIF 2 9 0 netlist files. The Compiler uses
Library Mapping Files (.Imf) to map proprietary symbol and pin names
from other CAE tools to MAX+PLUS II macrofunction and basic-gate
library elements. Altera provides LMFs for over 100 74-series and custom
macrofunctions for files generated by tools from companies such as Cadence,
Mentor Graphics, Minc, OrCAD, and Viewlogic. VHDL and Verilog design
support is also available through Cadence, Exemplar, Intergraph, Mentor
Graphics, Racal-Redac, Synopsys, and Viewlogic. For more information on
other industry-standard design entry tools, see CAE Software Support in
this data book.

MAX+PLUS 1II also supports design entry using the Library of
Parameterized Modules (LPM). The LPM standard is built upon and
follows the syntax for the EDIF 2 0 0 standard. The Compiler processes
LPM netlists automatically, translating them into a MAX+PLUS II-
compatible format. All LPM gate, arithmetic, and storage components are
supported.

MAX+PLUS 1II can also read OrCAD Schematic Files (.sch) and Xilinx
Netlist Format Files (.xnf) for compilation or integration into designs for
Altera devices.
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Design
Processing

Hierarchical Design Entry

Hierarchical designs can consist of design files created with several different
formats, including schematic capture, text design entry (with AHDL),
waveform design entry, and EDIF. MAX+PLUS Il supports multiple levels
of hierarchy in a single design. This flexibility allows designers to use the
design entry method best suited to each portion of the design. The
MAX+PLUS II Hierarchy Display, which displays the hierarchy of the
project, allows designers to easily traverse the hierarchy, automatically
opening the appropriate editor for each design file.

When MAX+PLUSII processes a design, the Compiler reads in design files
and produces programming and simulation files, the Timing Analyzer
analyzes the timing of a design, and the Message Processor automatically
locates errors.

Automatic Error Location

The MAX+PLUS II Message Processor communicates with all
MAX+PLUSII applications, recording error, information, and warning
messages for problems such as connection and syntax errors. Designers
can use the Message Processor to automatically open the file that contains
the source of an error and highlight its location. See Figure 4.

Figure 4. MAX+PLUS Il Compiler & Message Processor
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Page 442

Altera Corporation |




LData Sheet

MAX+PLUS Il Programmable Logic Development System & Soﬂwa;l

Logic Synthesis & Fitting

The Compiler’s Logic Synthesizer module supports both synthesized and
what-you-see-is-what-you-get (WYSIWYG) design implementation. It
selects appropriate logic reduction algorithms to minimize and remove
redundant logic, ensuring that the device logic resources are used as
efficiently as possible for a specified device architecture. It also removes
unused logic from the project.

Logic synthesis options help the designer guide the outcome of logic
synthesis. Altera provides three “ready-made” synthesis styles, which
specify the settings for multiple logic synthesis options. The designer can
apply a style to set default synthesis options, create custom styles, and
specify individual synthesis options on selected logic functions. Synthesis
options can be tailored for a specific device family to take advantage of its
architecture. A number of advanced logic options further expand the
designer’s ability to influence logic synthesis.

The Compiler’s Fitter module applies heuristic rules to select the best
possible implementation for the synthesized project in one or more devices.
This automatic fitting relieves the designer of tedious place-and-route
tasks. The Fitter generates a Report File (.rpt) that shows project
implementation as well as any unused resources in the device(s).

Design-Rule Checking

The MAX+PLUS II Compiler includes the Design Doctor, a design-rule-
checker utility. This utility checks each design file for logic that may cause
system-level reliability problems usually discovered only after a design
has entered production. The user can choose one of three predefined sets
of design rules with increasingly thorough design-rule checking, or create
a custom set of rules.

Design rules are based on reliability guidelines that cover logic containing
features such as asynchronous inputs, ripple Clocks, multi-level logic on
Clocks, Preset and Clear configurations, and race conditions. Rule violations
are explained to help the designer determine which edits are needed in the
design files.

Multi-Device Partitioning

If a project does not fit into a single device, the Compiler’s Partitioner
module divides it into multiple devices from the same device family. It
attempts to split the project into the smallest possible number of devices
while minimizing the number of pins used for inter-device communication.
The Fitter automatically fits the logic into the specified devices.
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Design
Verification

Partitioning can be totally automatic, partially user-controlled, or fully
user-controlled. If a project is too large to fit into a specified device, the
designer can specify the type and number of additional devices.

Industry-Standard Output Formats

The Compiler provides netlist writers that can create netlists that can be
used in a variety of simulation environments. These netlists contain post-
synthesis functional and timing information that can be used with other
standard design verification tools for device- or board-level simulation.
The following interfaces are available:

Q  EDIF Interface Creates EDIF 2 0 0 and EDIF 2 9 0 netlists.

Q  Verilog Interface Creates Verilog netlists that can be used with Verilog-
XL simulators.

O  VHDL Interface Creates VHDL netlists that can be used with VHDL
simulators.

Programming File Generation

The Assembler module creates one or more Programmer Object Files
(.pof), SRAM Object Files (.sof), and/or JEDEC Files (.jed) for a compiled
project. The MAX+PLUS II Programmer uses these files and standard
Altera hardware to program the desired devices. Device programming is
also available with other industry-standard programming equipment. In
addition, MAX+PLUSII can generate Intel-format Hexadecimal Files (.hex)
and Tabular Text Files (.ttf) for configuring FLEX 8000 devices. See
Application Note 33 (Configuring FLEX 8000 Devices) in this data book for
more information.

Design verification processes include design simulation and timing analysis
to test the logical operation and internal timing of a design. Design
verification is available from Altera and from a variety of CAE vendors.

Simulation

The MAX+PLUS II Simulator provides flexibility and control for modeling
single- or multi-device projects. The Simulator uses the Simulator Netlist
File (.snf) generated during compilation to perform functional, timing, or
combined linked multi-device simulation for a project. Figure 5 shows the
Simulator window.

The designer either defines input stimuli with a straightforward vector
input language or draws waveforms directly with the MAX+PLUS II
Waveform Editor. Simulation results can be viewed in the Waveform
Editor or Text Editor and printed as waveform or text files.
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Figure 5. MAX+PLUS i Simulator
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The designer specifies commands either interactively or in a Command
File (.cmd) to perform a variety of tasks, such as monitoring the project for
glitches, oscillation, and register setup and hold time violations; halting
the simulation when user-defined conditions are met; forcing flipflops
high or low; and performing functional testing. If a setup or hold time,
minimum pulse width, or oscillation period is violated, the Message
Processor reports the problem. The designer can then use the Message
Processor to locate the time at which the problem occurred in the Waveform
Editor and to locate the error in the original design file.

For easy comparison, the designer can superimpose the results of two
simulations in the Waveform Editor.

Functional Simulation

The MAX+PLUS II Simulator supports functional simulation that tests the
logical operation of a project before it is synthesized, allowing the designer
to quickly identify and correct logical errors. The MAX+PLUS Il Waveform
Editor displays the results of functional simulation and provides easy
access to all nodes in the project, including combinatorial functions.

Timing Simulation
In a timing simulation, the MAX+PLUS II Simulator tests the project after

ithas been fully synthesized and optimized. Timing simulation is performed
at 0.1-ns resolution.
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Device
Programming

Multi-Device Simulation

MAX+PLUS II can combine the timing and/or functional information
from multiple Altera devices, allowing the designer to simulate several
devices operating together. These projects can be implemented in different
device families.

Timing Analysis

The MAX+PLUS II Timing Analyzer can calculate a matrix of point-to-
point device delays, determine setup and hold time requirements at device
pins, and calculate maximum Clock frequency. MAX+PLUS II design
entry tools are integrated with the Timing Analyzer, allowing the designer
to simply tag start and end points in the design to determine the shortest
and longest propagation delays. In addition, the Message Processor can
locate critical paths identified by the Timing Analyzer in the design files
and display them in the appropriate design editor. See Figure 6.

Figure 6. MAX+PLUS Il Timing Analyzer
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The MAX+PLUS II Programmer, shown in Figure 7, uses programming
files generated by the Compiler to program Altera devices. It allows the
designer to program, verify, examine, blank-check, and functionally test
devices. The programming hardware includes an add-on Logic Programmer
card (for PC-AT, PS/2, or compatible computers) that drives the Altera
Master Programming Unit (MPU). The MPU performs continuity checking
to ensure adequate electrical contact between the programming adapter
and the device. With the appropriate programming adapter, the MPU also
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On-Line Help

Software
Maintenance
Agreement

Figure 7. MAX+PLUS Il Programmer
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supports functional testing, so that vectors created for simulation can be
applied to a programmed device to verify its functionality.

All hardware and software necessary for programming and verifying
devices is available from Altera (see Altera Programming Hardware in this
data book). Programming support is also available from many other
programming hardware manufacturers (see Programming Hardware
Manufacturers in this data book).

On-line help provides access to all information on MAX+PLUSII. It includes
complete, up-to-date documentation on all MAX+PLUS II applications,
causes and suggested actions for messages, references to related Altera
documentation, text file formats (e.g., AHDL), and information on Altera
devices and adapters.

On-line help is only a keystroke or a mouse click away. The F1 key
provides instant access to information on a dialog box, highlighted menu
command, or pop-up message. Typing Shift+F1 turns the mouse pointer
into a question mark pointer that allows the designer to click on any item
on the screen—including primitives, macrofunctions, and AHDL
keywords—for context-sensitive help on that item.

To guarantee timely upgrades to software and documentation, Altera
offers a Software Maintenance Agreement that entitles the customer to
software updates, discounts on selected software products, Applications
Engineering support, and access to Altera’s electronic bulletin board service
(BBS).

| Altera Corporation
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Recommended
System
Configurations

Package
Options

To run MAX+PLUS II with optimum results, Altera recommends the
following system configurations:

PC System Configuration

386- or 486-based PC-AT, PS/2 Model 70 or higher, or compatible
computer

16 Mbytes of RAM

DOS version 5.0 or higher

Microsoft Windows version 3.1

Microsoft Windows-compatible graphics card and monitor

35 Mbytes free disk space

1.44-Mbyte 3 Y-inch floppy disk drive

2- or 3-button mouse compatible with Microsoft Windows 3.1
Full-length 8-bit ISA or Micro Channel Adapter slot for Logic
Programmer card

Parallel port

0 ooodododddo O

Sun Workstation System Configuration

Sun SPARC2 workstation with color or monochrome monitor
32 Mbytes of RAM

Sun OS 4.1.2 (or Solaris 1.0), Note (1)

Sun OpenWindows 3.0 (or Solaris 1.0), Note (1)

50 Mbytes free disk space

30 Mbytes swap space

ISO 9660-compatible CD-ROM drive

oo oo

Hewlett-Packard Workstation System Configuration

HP 9000 Series 700 workstation with color or monochrome monitor
HP-UX 8.07, Note (1)

HP-VUE

50 Mbytes free disk space

32 Mbytes of RAM

ISO 9660-compatible CD-ROM drive

ooo0o0dod

Note:
(1) Contact Altera Applications for information on current operating system support.

Altera offers a variety of tool configurations and migration products for
PC- and workstation-based versions of MAX+PLUS II. For up-to-date
information on MAX+PLUS I software packages and development systems,
refer to Ordering Information in this data book or contact Altera Marketing
at (408) 894-7000. For detailed information on package options, refer to the
MAX+PLUS II Selection Guide in this section.

Page 448

Altera Corporation




=5 MAX+PLUS I
A |j =1 A Selection Guide

o

[4:]

-

=@

| August 1993, ver. 1 ‘ =]

& 3

@

Development Altera offers a variety of system configurations and add-on products for =
MAX+PLUS II. MAX+PLUS 1II supports all of Altera’s general-purpose
Syste ms & programmable logic devices, including EPROM-, EEPROM- and SRAM-
Add-On based devices, for true technology-independent design. Once designers
purchase a device support option, they can add to it at any time. Four

Products device support options are available:

O Classic+Plus Supports the low-power Classic family, and the EPM5016,
EPM5032, EPM7032, and EPM7032V devices.

3 MAXS5000/EPS464 Supports the mid-range MAX 5000/ EPS464 family.
3 MAX7000 Supports the high-performance MAX 7000 family.

[ FLEX 8000 Supports the register-intensive, high-gate-count,
SRAM-based FLEX 8000 family.

The first decision to make in selecting a MAX+PLUSII system is to
determine the device support needed. The second is to select the desired
features. Table 1 shows the available features and Altera device support
provided by each MAX+PLUS II configuration. Refer to the Device Support
columns in this table, and then use the Design Entry and Compilation and
Verification columns to select the configuration with the appropriate design
development features. The Ordering Codes column provides the necessary
codes for ordering MAX+PLUS Il systems and add-on products that provide
features not included in the initial package purchased by the user.

For up-to-date information on available features and device support, contact
Altera Marketing at (408) 894-7000 for a copy of the most current
MAX+PLUS II selection guide.

For a detailed description of MAX+PLUS II development software, see the
MAX+PLUS I Programmable Logic Development System & Software Data
Sheet in this data book.
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Table 1. Altera Development Systems, Software & Device Support

Ordering Codes

Design Entry Compilation & Verification Device Support

Base Systems (PG Platform)

PLS-ES Vv ViV ViV v

PLS-STD v vI|iv ViV ViV

PLS-ADV Vv Vv V|V ViV

PLS-FLEX8 v viv vV v ViV

PLS-HPS VIVIVIVIVIVIVIVIVIVIVIV Vv

PLDS-HPS VIiVIVIVIVIVIVIVIVIVIVIVIYV VIiVvI|Vv

Add-0On Products (PC Platform)

PLSM-5K v

PLSM-7K v

PLSM-8K v

PLSM-ADE v VI iVIVIVIV v

Base Systems (Workstation Platform)

PLS-WS/HP vViiviv v VIiviviv

PLS-WS/SN VIivIv v ViviIivi v

Add-On Products (Workstation Platform)

PLSM-WS/SN ViV v v VI iVIVIV

PLSM-WS/HP Viviv v VIiVviviv

PLSM-TA v

MAX+PLU s i This section describes the various MAX+PLUS II products shown in Table 1,
as well as software maintenance products that provide registered users

Packa ge with regular upgrades to software and documentation. For information on

0ptions ordering Altera products, see Ordering Information in this data book.

PC-Based System Configurations

PLS-ES

Contains logic synthesis and fitting support for the Classic family and the
EPM5016, EPM5032, EPM7032, and EPM7032V devices. Also includes
schematic capture, text design entry with AHDL, interface through
EDIF 2 0 0 and 2 9 0 input and output files, LPM netlist reader, hierarchical
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design management, on-line help, automatic error location, and timing
analysis.

PLS-STD

Contains logic synthesis and fitting support for the MAX 5000/EPS464
and Classic families, and the EPM7032 and EPM7032V devices. Also
includes schematic capture, text design entry with AHDL, interface through
EDIF 2 0 0and 2 9 0 input and output files, LPM netlist reader, hierarchical
design management, on-line help, automatic error location, and timing
analysis.

PLS-ADV

Contains logic synthesis and fitting support for the MAX 7000,
MAX 5000/EPS464, and Classic families. Also includes schematic capture,
text design entry with AHDL, interface through EDIF 2 0 0 and 2 9 0 input
and output files, LPM netlist reader, hierarchical design management, on-
line help, automatic error location, and timing analysis.

PLS-FLEXS8 p

Contains logic synthesis and fitting support for the FLEX 8000,
MAX 5000/EPS464, and Classic families, and the EPM7032 and EPM7032V
devices. Also includes schematic capture, text design entry with AHDL,
interface through EDIF 2 0 0 and 2 9 0 input and output files, LPM netlist
reader, hierarchical design management, on-line help, automatic error
location, and timing analysis.

PLS-HPS/PLDS-HPS

Contains all features and device support of PLS-ADV, plus waveform
design entry, design-rule checking, multi-device partitioning, timing
simulation, multi-device simulation, functional simulation, and waveform
editing. PLDS-HPS also includes selected programming hardware,
including the Altera Master Programming Unit (MPU).

PC-Based Add-On Products

PLSM-5K
Adds compilation support for the Altera MAX 5000/EPS464 family to
PLS-ES.

PLSM-7K
Adds compilation support for the Altera MAX 7000 family to PLS-ES,
PLS-STD, and PLS-FLEX8.

PLSM-8K
Adds compilation support for the Altera FLEX 8000 family to PLS-ES,
PLS-STD, PLS-ADV, PLS-HPS, and PLDS-HPS.

Altera Corporation
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PLSM-ADE .
Adds waveform design eniry/editing; design-rule checking; functional,
timing, and multi-device simulation; and multi-device partitioning to
PLS-ES, PLS-STD, PLS-ADV, and PLS-FLEXS.

PLAESW-xxx

Software maintenance products for PC-based MAX+PLUSII. Software
Maintenance Agreements ensure that registered users receive all upgrades
to software and documentation when development software is upgraded
or modified to provide new features and/or to support new devices. To
order a Software Maintenance Agreement, use the PLAESW- prefix followed
by the appropriate product extension (e.g., PLAESW-HPS).

Workstation-Based System Configurations

PLS-WS/SN and PLS-WS/HP

Contains logic synthesis and fitting support for the Classic, MAX 5000/
EPS464, MAX 7000, and FLEX 8000 families. Interface provided to Mentor
Graphics, Cadence, Synopsys, Viewlogic, Intergraph, and other CAE
environments through EDIF 200 and 290 input and output files.
Workstation support also includes text design entry with AHDL, design-
rule checking, and multi-device partitioning. PLS-WS/SN supports
appropriately configured Sun Sparcstations; PLS-WS/HP supports
appropriately configured HP 9000 Series 700 workstations.

PLAESW-WS
Software maintenance product for workstation-based MAX+PLUS IL.

Workstation-Based Add-On Products

PLSM-TA

Adds timing analysis capabilities to MAX+PLUS II for workstations. The
MAX+PLUS II Timing Analyzer can calculate a matrix of point-to-point
device delays, determine set-up and hold-time requirements at device
-pins, and calculate maximum Clock frequency.

PLSM-WS/SN and PLSM-WS/HP
Provides additional floating node licenses for workstation-based
MAX+PLUSIIL
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General Altera offers a variety of programming hardware to program and configure
. ia Altera devices. The following products are available:
Description

Logic Programmer Cards

Master Programming Unit

Programming Adapters & FLEX Download Cable
Altera Stand-Alone Programmer

cood

Logic Programmer Cards

Logic Programmer cards generate programming waveforms and voltages
for the Master Programming Unit (MPU). Two Logic Programmer cards
are available: the LP5 and LP6. The LP6 card interfaces with IBM PC-AT
and compatible computers; the LP5 card interfaces with IBM PS/2 Model
50, 60, 70, and 80 and compatible Micro Channel computers. Both cards are
software-controlled and can be installed into any full-length expansion slot
in a computer.

Ordering Codes: PLP5, PLP6

Master Programming Unit

The Master Programming Unit (MPU) is a hardware module that is used
together with an appropriate adapter to program Altera devices. The MPU
connects to a Logic Programmer card via a 25-pin ribbon cable. The MPU
receives power from the Logic Programmer card and does not require an
external power supply. Programming and functional test information is
transmitted from the Logic Programmer card through the ribbon cable to
the MPU. A programming indicator LED on the MPU lights up when the
unit is active.

When used with the appropriate adapter, the MPU automatically tests for
continuity between the device leads and the programming socket before
programming. It can also apply test vectors to functionally test and verify
programmed Altera devices. Test vectors can be created in waveform or
text format in the MAX+PLUS II Waveform Editor or Text Editor and
applied to the device; results can be viewed in waveform or text format.

Ordering Code: PL-MPU
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Altera Stand-Alone Programmer

The Altera Stand-Alone Programmer, PL-ASAP2, provides the hardware
and software needed for programming all Altera devices. PL-ASAP2
includes an LP6 Logic Programmer card, an MPU, MAX+PLUS 1I
Programmer software (which requires Microsoft Windows version 3.1 or
higher), and complete documentation.

Ordering Code: PL-ASAP2

Programming Adapters & FLEX Download Cabie

Altera provides programming adapters for all Altera devices. Two types of
adapters plug directly into the MPU: PLM-prefix and PLAD3-12 adapters.
PLM-prefix programming adapters contain a socket that supports a specific
device package. The PLAD3-12 compatibility adapter allows PLE-prefix
programming adapters to be used with the MPU. The PLAD3-12 adapter
also directly supports programming of the EP330.

Adapters for Configuration EPROMSs (PLMJ1213 and PLMT1064) program
the Configuration EPROMs used to configure FLEX 8000 devices. These
adapters are also used to download configuration data directly to
FLEX 8000 devices via the FLEX Download Cable, which is provided with
Configuration EPROM adapters.

Each adapter contains a zero-insertion-force dual in-line package (DIP),
J-lead, pin-grid array (PGA), small-outline integrated circuit (SOIC), or
quad flat pack (QFP) socket. The adapters for QFP devices with 100 or
more pins support Altera’s QFP carrier technology. See the QFP Carrier &
Development Socket Data Sheet in this data book for more information.

All PLM-prefix adapters, except the Configuration EPROM adapters, allow
functional test vectors to be applied to and read from programmed Altera
devices. Both PLM- and PLE-prefix adapters support open-circuit testing.

Table 1 lists Altera devices, package options, and required adapters.

Ordering Codes: PLExxxx, PLMxxxx, PLAD3-12 ~
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Table 1. Device Adapter Support (Part 1 of 2)

Device Package Adapter
EP330 DIP PLAD3-12
J-Lead PLEJ330
sSoIC PLES330
EP600/610/610A/610T DIP PLED610
J-lead PLEJ610
SoIC PLES610
EP900/910/910A/910T DIP PLED910
J-lead PLEJ910
EP1800/1810/1810T J-lead PLMJ1810
PGA PLEG1810
EPB2001 J-lead PLEJ2001
EPM5016 DIP PLED5016
J-lead PLEJ5016
SoIC PLES5016
EPM5032 DIP PLMD5032
J-lead PLMJ5032
SOoIC PLES5032
EPM5064 J-lead PLMJ5064
EPM5128/5128A J-lead PLMJ5128A
PGA PLMG5128A
EPM5130 J-lead PLMJ5130
PGA PLEG5130
QFP PLMQ5130
EPM5192/5192A J-lead PLMJ5192
PGA PLMG5192
QFP (EPM5192A PLMQ5192A
only)
EPM7032, EPM7032V J-lead PLMJ7032-44
QFP PLMQ7032-44
TQFP PLMT7032-44
EPM7064 J-lead (68-pin) PLMJ7000-68
J-lead (84-pin) PLMJ7000-84
PQFP PLMQ7000-100
EPM7096 J-lead (68-pin) PLMJ7000-68
J-lead (84-pin) PLMJ7000-84
QFP PLMQ7000-100
EPM7128 J-lead (68-pin) PLMJ7000-68

J-lead (84-pin)
QFP (100-pin)
QFP (160-pin)

PLMJ7000-84
PLMQ7000-100
PLMQ7128-160

Altera Corporation
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Table 1. Device Adapter Suppaort (Part 2 of 2)
- Device Package Adapter
EPM7160 J-lead PLMJ7000-84
QFP (100-pin) PLMQ7000-100
QFP (160-pin) PLMQ7160-160
EPM7192 PGA PLMG7192-160
QFP PLMQ7192-160
EPM7256 PGA PLMG7256-192

Programming
Support

QFP (160-pin)
QFP (208-pin)

PLMQ7256-160
PLMQ7256-208

Ali FLEX 8000 devices all Note (1)
EPC1064 DIP PLMJ1213
J-lead PLMJ1213
TQFP PLMT1064
EPC1213 DIP PLMJ1213
J-lead PLMJ1213
EPS448 DIP PLED448
J-lead PLEJ448
EPS464 J-lead PLMJ464
QFP PLMQ464
Note to table:
(1) Configuration of FLEX 8000 devices is supported by Configuration EPROMSs and
the FLEX Download Cable.

Altera customers can obtain or increase device support with the hardware
shown in Table 2. By matching his or her current programming hardware
setup with the desired device support, the designer can determine additional

programming hardware that is required for device programming,.

Table 2. Programming Hardware Requirements (Part 1 of 2)

Current Programming

Desired Device Support

Additional Programming Hardware Required

Programmer card

Appropriate programming
adapters

Hardware
IBM PC-AT & Compatible | IBM PS/2 & Compatible
None All Altera devices PL-ASAP2; PLP5;
Appropriate programming PL-MPU;
adapters Appropriate programming
adapters
LP5 or LP6 Logic All Altera devices PL-MPU; PL-MPU;

Appropriate programming
adapters
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Table 2. Programming Hardware Requirements (Part 2 of 2)

Current Programming | Desired Device Support Additional Programming Hardware Required
Hardware
IBM PC-AT & Compatible | I1BM PS/2 & Compatible
LP5 or LP6 Logic All Classic devices Appropriate programming Appropriate programming

Programmer card,;

PLE3-12A or PLE3-12,
programming unit or
PL-MPU programming
unit (with PLAD3-12
adapter)

EPM5016
EPM5032 (SOIC)
EPM5130
EPS448
EPB2001

adapters

adapters

LP5 or LP6 Logic
Programmer card;

PL-MPU programming
unit

EPM5032 (DIP & J-lead)
EPM5064

EPM5128

EPM5128A

EPS464

EPM5192

EPM5192A

All MAX 7000 devices
All Configuration

Appropriate programming
adapters

Appropriate programming
adapters

EPROMs
LP5 or LP6 Logic All Classic devices PLADS3-12 adapter; PLAD3-12 adapter;
Programmer card; EPM5016 Appropriate programming Appropriate programming
EPM5032 (SOIC) adapters adapters
PL-MPU programming EPM5130
unit (no PLAD3-12 EPS448
adapter) EPB2001

LP5 or LP6 Logic
Programmer card;

PLE3-12A or PLE3-12
Programming unit

EPM5032 (DIP & J-lead)

EPM5064

EPM5128

EPM5128A

EPS464

EPM5192

EPM5192A

All MAX 7000 devices

All Configuration
EPROMs

PL-MPU;
Appropriate programming
adapters

PL-MPU;
Appropriate programming
adapters

Altera Corporation
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Introduction

A

g ' ACCESS PROGRAM

Altera recognizes the importance of supporting other industry-standard
design tools, and works closely with leading CAE software manufacturers
to provide high-quality development support for Altera programmable
logic devices. To ensure strategic partnerships with CAE tool manufacturers,
Altera has established the ACCESS program. Through this program, Altera
and its CAE partners work together to develop either direct support for
Altera devices or seamless integration with Altera’'s MAX+PLUS II
development software.

Table 1 summarizes each company’s design entry, compilation/synthesis,
and simulation/verification products that support Altera devices directly
or provide an interface to MAX+PLUS II. As shown in Table 1, Altera also
supplies design interface kits for several CAE tools. Altera recommends
contacting CAE software manufacturers directly for details on product
features, specific device support, and product availability. While Altera
provides technical assistance to these companies, final responsibility for
the quality and accuracy of these products rests with these manufacturers.

s Contact the Altera Applications Department by telephone at
(800) 800-EPLD or by fax at (408) 954-0348 for the most up-to-date

information on CAE support.

Altera Corporation
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CAE Software Support

Table 1. Standard CAE Support for Altera Devices (Part 1 of 2)

Company Product Design Compilation/ | Simulation/
Entry Synthesis Verification
Accel Technologies, Inc. Tango-PLD v v v
TEL: (619) 554-1000 Tango-Schematic v v
FAX: (619) 554-1019
Acugen Software, Inc. AADELAY v
TEL: (603) 881-8821 AAMAX v
FAX: (603) 881-8906 ATGEN v/
Aldec, Inc. Susie v
TEL: (805) 499-6867
FAX: (805) 498-7945
Cadence Design Systems, Inc. Composer (1) v
TEL: (408) 943-1234 Concept (1) v
FAX: (408) 943-0402 RapidSIM (1) v
SystemPGA v v
Synergy (2) v
Verilog, Verilog-XL (1) v v
Leapfrog (2) v
Data I/O Corp. ABEL-FPGA v v v
TEL: (800) 247-5700 ABEL v v v
FAX: (206) 882-1043 FutureNet v/
Exemplar Logic, Inc. CORE Solution v
TEL: (510) 849-0937
FAX: (510) 849-9935
Flynn Systems Corp. FS-High Density v
TEL: (603) 891-1111 FS-PALibrary v
FAX: (603) 891-1074
GenRad (U.K.) Hilo v
TEL: 329 822240
FAX: 329 822305
Intergraph Corp. ACEPIus v
TEL: (800) 239-4111 AdvanSIM-1076 v
FAX: (303) 581-9972 DLAB v
Synovation v
ISDATA GmbH (Germany) LOG/ic v v v
TEL: 0721/75 10 87
FAX: 0721/75 26 34
Logic Modeling Corp. SmartModels v

TEL: (503) 690-6900
FAX: (503) 690-6906
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Table 1. Standard CAE Support for Altera Devices (Part 2 of 2) 1
Company Product Design Compilation/ | Simulation/ E’
Entry Synthesis Verification g
Logical Devices, Inc. CcuPL v v v g
TEL: (800) 331-7766 @
FAX: (305) 428-1811 i
Mentor Graphics Corp. AutoLogic (1) v v
TEL: (503) 626-7000 Design Architect (7) v
FAX: (503) 685-1268 PLD Synthesis
QuickSim Il (1) v
Minc Inc. PLDesigner-XL v v v
TEL: (719) 590-1155
FAX: (719) 590-7330
OrCAD Systems Corp. PLD v v v
TEL: (503) 690-9881 MOD v
FAX: (503) 690-9891 SDT v o
VST
Quad Design Motive v
TEL: (800) 988-8250
FAX: (805) 988-8259
Racal-Redac Cadat v
TEL: (201) 848-8000 System Expert v v
FAX: (201) 848-7953 Visula v/
Synopsys, Inc. FPGA Compiler (1) v
TEL: (415) 962-5000 DC/Pro v
FAX: (415) 694-4249 DC/Expert v
VSS Simulator v/
Viewlogic Systems, Inc. Viewdraw (1) v
TEL: (800) 422-4600 ViewPLD v v
FAX: (508) 480-0882 Viewsim (1) v
VHDL Designer v v
Notes:

(1) Interface design kits are available from Altera.
(2) Interface under development. Contact Altera Corporation for more information.
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Introduction Table 1 lists the manufacturers that offer programming hardware support =

for Altera devices. These companies are continually developing support
for Altera programmable logic and configuration devices. Altera
recommends contacting manufacturers directly for details on product
features, specific device support, and product availability. While Altera
provides technical assistance to these companies, final responsibility for
the quality and accuracy of these products rests with these manufacturers.

Table 1. Programming Hardware Manufacturers (Part 1 of 2)

Manufacturer Country Telephone Fax
Advantech US.A. (408) 245-6678 (408) 245-8268
Advin Systems, Inc. U.S.A. (408) 243-7000 (408) 736-2503
Ando Electric Co. Ltd. Japan 33733 1161 337397310
Aval Data Corp. Japan 3 5375 7321 353757717
B&C Microsystems, Inc. US.A. (408) 730-5511 (408) 730-5521
BP Microsystems U.S.A (713) 688-4600 (713) 688-0920
Bytek Corporation U.S.A. (407) 994-3520 (407) 994-3615
Celectronic GmbH Germany 304 136075 304 136078
Cornelius Consult Germany 234 361206 234 356698
DATA /O U.S.A. (206) 881-6444 (206) 882-1043
Elan Digital Systems Limited, U.K. UK. (489) 579799 (489) 577516
ertec GmbH Germany 9131 75570 9 131 7557 10
HAMIS Haase, Menrad & Co. GmbH Germany 531 70231 531 74020
ICE Technical Ltd. U.K. 226 767 404 226 370 434
Instronic Peripherals & Systems india 812 324967 812 324848
Leap Electronic Co., Ltd. Taiwan 2999 1860 2999 0015
Link Computer Graphics, Inc. US.A. (201) 808-8990 (201) 808-8786
Logical Devices, inc. U.S.A. (305) 428-6868 (305) 428-1811
Micro EDA U.S.A. (818) 912-7617 (818) 964-4989
MicroPross France 20 47 9040 20 47 9369
Owen Electronic GmbH Germany 6381 4202 0 6381 4202 85
Prologic Systems U.S.A. (303) 460-0103 (303) 469-5565
SMS Micro Systems U.S.A. (206) 883-8447 (206) 883-8601

| Altera Corporation

Page 463




| Programming Hardware Manufacturers

Table 1. Programming Hardware Manufacturers (Part 2 of 2)

Manufacturer Country Telephone Fax
Stag Microsystems US.A. (408) 988-1118 (408) 988-1232
Sunrise Electronic Inc. US.A. (818) 914-1926 (818) 914-1583
Sunshine Electronics Co., Ltd. Taiwan 27633732 2 7654065
System General U.S.A. (408) 263-6667 (408) 262-9220
Tribal Microsystems/HiLo Systems US.A. (510) 623-8859 (510) 623-9925
Xeltek U.S.A. (408) 524-1935 (408) 295-7084
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Introduction Altera’s broad range of programmable logic devices incorporates three
memory technologies: EPROM, EEPROM, and SRAM. Toensure the highest
level of device performance and reliability, Altera maintains a
comprehensive testing program that carefully monitors the factors affecting
the basic programming elements of each device technology. Altera maintains
rigorous quality standards both before a device technology is put into

production and throughout the manufacturing process. g‘

3

EPROM The EPROM transistor is a modified NMOS transistor in which the threshold JE3
voltage is easily changed between a low voltage (near Vgg) and a high 5

Technol ogy voltage (greater than Vc). The different threshold voltages represent the
EPROM cell in the on and off states.

The EPROM transistor has a floating polysilicon gate between the access
gate and the substrate, as shown in Figure 1. The floating gate is electricall
isolated from the substrate by a thin-gate oxide that is approximately 200 A
thick, and from the access gate by a thicker dielectric inter-poly oxide that
typically consists of oxides and/or nitrides.

Figure 1. EPROM Cell Construction

Inter-Poly Oxide Access Gate

Gate Oxide

P-Type Silicon

EPROM transistors are programmed to a high-threshold voltage with hot
electron injection. When a programming voltage Vpp (normally 12.5 V) is
applied to the access gate of an EPROM cell and a slightly lower voltage is
applied to its drain, electrons flow from the source to the drain. As these
electrons pick up kinetic energy, their path is altered by an electric field
located between the access gate and substrate. This electric field is generated
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by the potential difference between Vpp on the access gate and the slightly
lower drain voltage. Electrons that achieve a kinetic energy of 3.2 eV or
more, accelerate vertically toward the floating gate, pass through the gate
oxide, and are trapped on the floating-gate electrode. These excess electrons
create a net negative voltage on the floating gate that opposes the electrical
field created by the positive voltage on the access gate. The result is a
substantial increase in the threshold voltage required to change the EPROM
cell into a conducting state. See Figure 2.

Figure 2. EPROM Cell Programming

Vee =Vep

Access Gate

Floating Gate

O Vp <Vep

n+ Source ; n+ Drain
Depletion Region

P-Type Silicon

Figure 3 shows the current-voltage (I-V) relationships for programmed
(high-threshold voltage) and erased (low-threshold voltage) EPROM cells.
The programmed EPROM cell behaves as a transistor that is turned off,
since source-drain current does not flow for access-gate voltages ranging
from 0 to V. In contrast, an erased cell produces source-drain current
when its access gate is brought to approximately 1 V (on).

Programmed EPROM cells in the off state are erased by exposing the
device to ultraviolet (UV) radiation with wavelengths of 2,540 A. The
excess electrons on the floating gate absorb radiant energy from this UV
exposure, raising their energy levels above the 3.2-eV barrier. The increased
energy levels enable the electrons to overcome the oxide-silicon potential
barrier and migrate into the substrate, where they are neutralized.
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Figure 3. Current vs. Voltage Relationships of Erased & Programmed EPROM Cells

Equivalent Cell for Margin Testing EEPROM Cell I-V Characteristics
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________________ _ __ Sense Amp
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|
55

Voltage (Vgs) on Access Gate

EEPROM
Technology

Like the EPROM transistor, the EEPROM transistor is an MOS transistor
that is either on or off, depending on the threshold voltage. Unlike EPROM
devices, however, EEPROM devices can be electrically erased. The EEPROM
cell consists of a single floating polysilicon gate structure that is used to
change the threshold voltage of the transistor. See Figure 4. The threshold
voltage is changed when a tunneling mechanism traps an excess of electrons
on the floating gate. Fowler-Nordheim tunneling occurs when the floating
gate is raised to a high voltage (12 V to 13 V) via capacitive coupling to the
N+ implant region. Once the electrons have been trapped on the floating
gate, they present a negative shielding voltage and increase the threshold
voltage of the transistor, making it impossible to turn the transistor on
under normal operating voltages. This process allows the floating gate to
act as an on/off switch for the read transistor.

The EEPROM cell is erased with the same tunneling mechanism. Since the
electrons are removed from the floating gate, the gate has a net positive
charge that allows the EEPROM transistor to be turned on or off, depending
on the voltage on the control gate.

For a complete operational description of the EEPROM cell, see the
EPM7032 Process, Assembly, and Reliability Information Package, available
from Altera or from an Altera sales representative.
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Figure 4. EEPROM Cell Construction
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Figure 5 shows a 2-electrode structure in which one electrode is formed by
polysilicon and another is formed by a heavily doped N-type silicon
diffusion. These electrodes are separated by a tunnel oxide that is
approximately 80 A thick. When typical operating voltages of 5 V or less
are applied across the tunnel oxide, it acts as a dielectric and does not
conduct electricity. When 12 V to 14 V are applied, however, electrons
tunnel through the oxide. This process is characterized by an extremely
small tunneling current (less than 10-20 A) at typical operating voltages of
5V or less. At higher voltages that are used to erase or program the cell
(i.e., charge or discharge the floating gate), the exponential rise in current
produces approximately 1 pA of current flow through the tunnel oxide.
Depending on the voltage’s polarity, this current is sufficient to charge or
discharge the cell within a few milliseconds.
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Figure 5. EEPROM Floating-Gate Electrode, Tunnel Oxide & Heavily Doped
Diffusion Electrode
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The I-V relationships for programmed and erased EEPROM cells are
similar to those of EPROM cells (see Figure 6). Unlike the EPROM cell,
however, the threshold voltage of a discharged EEPROM cell is negative
(less than 0 V) because electrons are removed from the floating gate.
Electron removal gives the floating gate a net positive charge.

Figure 6. Current vs. Voltage Relationships of an Erased & of a Programmed EEPROM Cell
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SRAM
Technology

Failure
Mechanisms &
Reliability
Screens

Altera’s FLEX 8000 programmable logic devices use static RAM (SRAM)
memory cells as the basic programming element. Figure 7 shows the
standard CMOS five-transistor cell that comprises the memory element.

The process used to manufacture FLEX 8000 devices is a subset of the
EEPROM fabrication process. Therefore, all process development and
reliability enhancements used to manufacture EEPROM devices also apply
to SRAM-based devices.

Figure 7. SRAM Memory Cell
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Address
Both EPROM and EEPROM cells function through a change in threshold
voltage. Reliable EPROM and EEPROM cells maintain their charge by
holding excess electrons placed on the floating gate over the expected life
of the device, thus maintaining a high-threshold voltage (off state).
Discharged cells maintain a low-threshold voltage (on state) in which no
electrons move onto the floating gate over the life of the device.

Data In [C2>—

b—l B > Data Out

Voltage Margin Testing

Voltage margin testing is used to measure the threshold voltage of EPROM
or EEPROM cells. This testing is essential for monitoring the
programmability and erasability of a device, as well as its long-term
stability after programming or erasure. Altera devices incorporate special
test-mode circuitry that enables the threshold voltage (i.e., voltage margin)
of each EPROM or EEPROM cell on a device to be measured. (Since SRAM
cells are configured at system power-up by a Configuration EPROM or an
external host, voltage margin testing does not apply.) This circuitry is used
to measure the programmability of all devices and to implement screens
that detect charge loss from programmed devices. During this screening
process, any degradation of the threshold voltage is measured for each cell
as a function of time, temperature, and voltage.
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The first voltage margin test is performed during wafer sort. Wafer testing
at Altera consists of multiple wafer sort operations. At Wafer Sort 1,
devices are tested for combinatorial and registered logic functionality and
cell programming to ensure that all EPROM or EEPROM cells are fully
programmable. Each cell is “voltage-margined” to ensure that its threshold
voltage exceeds 5.5 V, which is the maximum V¢ value encountered
during normal operation. After this process, each cell’s access gate is raised
to a high voltage (12 V) to pull electrons off the floating gate through any
defects in the inter-poly oxide between the floating and access gates. See
Figure 8.

Figure 8. DC Erase Stress for an EPROM Cell
V=121t0 14V

Polysilicon 2
Access Gate

Polysilicon 1
Floating Gate

As shown in Figures 1 and 2, the floating gate is completely surrounded by
oxide. Any defect in the oxide or contamination by mobile ionic charges
such as Na* can cause electrons to migrate off the gate. This “cell stress,” or
DC erase stress, lowers the threshold voltage of any cell with a defective
oxide. A cell’s base threshold voltage is determined by performing a
voltage margin test immediately after programming and before the DC
erase stress. After the DC erase stress is applied, each cell’s voltage margin
is tested again. If any cell shows a significant reduction in threshold
voltage, the device is rejected from the manufacturing flow.

Thermally activated charge-loss mechanisms are also reliability hazards.
To detect material defects, every device is baked at a high temperature
with all cells in the charged state after Wafer Sort 1. Depending on the
device, this bake is performed at 300° C for 12 hours or 245° C for 96 hours.
After the bake, the threshold voltage for each cell is remeasured during
Wafer Sort 2 and compared to its pre-bake values. Devices with cells that
exhibit a reduced threshold voltage are rejected from the manufacturing
flow. Additional margin testing is performed on packaged devices after
assembly.

Figure 9 shows a typical wafer-sort process.
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Figure 9. Wafer-Sort, Assembly & Final Test Flow for Altera Devices
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Reliability Screening

The various wafer-sort operations also include reliability screening. Voltage
and temperature-accelerated stresses are applied to activate potential
charge-loss failure mechanisms within the device. Reliability testing is an
integral part of the standard production test flow for all Altera devices. To
ensure the effectiveness of Altera’s testing program, test results are
continuously verified.

After the IC package assembly operation, during which the individual dice
are removed from the wafers and placed into packages, each device is
tested, and the results are compared against data-sheet specifications. This
test is performed at elevated temperatures to ensure that specifications are
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Altera
Reliability
Program

met for the maximum guaranteed operating temperature: 70° C for
commercial, 85° C for industrial, and 125° C for military devices.

Altera’s integrated circuits must meet rigorous reliability standards. Altera
uses a two-phase approach to ensure a consistent high level of reliability
from its manufacturing processes and devices:

0 New product/production process qualification
O Reliability monitoring

New Product/Production Process Qualification

Altera performs rigorous reliability tests on new devices and subjects new
or substantially modified processes to a rigorous series of reliability tests
before production. Tests are perfomed to Altera, industry, and
MIL-STD-883 (rev. C) standards. This qualification procedure ensures that
all manufacturing processes and products meet Altera’s minimum reliability
requirements. Tables 1 and 2 show the reliability tests for hermetic and
plastic package devices, respectively.
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Table 1. Hermetic Package Qualification Requirements

Sequence Test MIL-STD-883 Requirements
(Rev. C) .
Method &@5
\e,(\\ DN & S .;\5‘8«@
SUss \\S%\QQ&“"@@& b*\Q\&‘(’%&\““é
S A% @”@«3&@9\%‘& $
S RAAIEIBTE
ESD sensitivity 3015.7 ~| 4{ 0 NAR4
Latch-up -1 5] o0 ViV
Retention bake 5|77| 1 vV
B2| Mark permanency 2015 - 4|0 |V|V v v
B3| Solderability 2003 10122| 0 [V [V |V |V v
B5|Bond strength 2011 15/15| 0 |V |V |V v
C1| Lifetest 1,000/2,000 hours | 1005 (125° C) 5(77] 1 Vv
D1| Physical dimensions 2016 15| 0| 0 |V |V |V v
D2|Lead fatigue 2004 B2 15115| 0 |V IV |V |V v
Fine & gross leak 1014
D3| Thermal shock 1011.7 B 5771 1 |V |V |V vV
Temperature cycle 1010.7C
Moisture resistance
Fine & gross leak 1014
External visual 1004
End point electrical Altera
D4|Mechanical shock 2002B 15(15] 0 [V |V v v
Vibration variable 2007 A
Frequency
Constant acceleration 2001 E (30 kg)
Fine & gross leak 1014
External visual
End point electrical Altera
D4|Internal water vapor 1018 (5000 —13B|01 |V |V |V V|V |V
ppm maximum)
D8| Lid torque 2024 |15 0 [V |V |V |V v
Note:

(1) LTPD: Lot Tolerance Percent Defective
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Table 2. Plastic Package Qualification Requirements

Sequence Test MIL-STD-883 Requirements
(Rev. C) A
Method Q&@:@@
Q
) AL 0 S UTS
,@ﬁ&&;Q\iﬁ;&'ﬁ‘{i@i@i@q}\
S &\Q’@}"%@ Q\Q"’ \‘\\?’ $\3'$:\ *\\“ \>®
RTINS
B1| Physical dimension 2016 - 2] 0 |V|V |V VIV
B2{Mark permanency 2015 | 4]0 |V|V Vv 5
B3| Solderability 2003 10{22] 0 [V|v]v Vv §
B4| Autoclave 121° C/100% rh 51771 |V |V |V VIVIV 2
15 psi, unbiased: 168 hours =
B5| Bond strength 2011 15|15 VIVI|V Vv
C1] Lifetest 1,000/2,000 hours 1005 (125°C) | 5|77 | 1 |V |V VI VvV
C2|85/85 with bias: 1,000 hours |85° C/85% 5|77 1 VIivViIv
relative
humidity
D1|Lead integrity 2004.5 15{15| 0 |V [V |V Vv
D2| Resistance to solder heat: 10{22| 0 |V |V |V |V V|V
260° C for 10 seconds
D3| Thermal shock 1011.7B 5|77 1 |V |V |V VIVIvV
—55°C to +125° C,
100 cycles
D4| Temperature cycle 1010.7C 51771 1 (V |V |V IV VIV IV
—65° Cto +125° C,
1,000 cycles
Note:

(1) LTPD: Lot Tolerance Percent Defective
Reliability Monitoring

Once a device or process is qualified for production, Altera routinely
conducts reliability tests throughout its manufacturing life cycle. Reliability
tests are conducted under the careful supervision of trained reliability
engineers and technicians, and are perfomed to Altera, industry, and
MIL-STD-883 (rev. C) standards. Table 3 describes the reliability tests and
shows how often they are performed.
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Table 3. Reliability Test Program

Test Type MIL-STD-883C Test Frequency Plastic | Hermetic
Method/Condition Package | Package

Lifetest 2,000 hours at 125° C at rated 1 time per month per process v v
voltages

Data retention bake 1,000 hours (minimum) at 170° C| 1 time per month per process v v

Temperature cycling 1,000 cycles 1 time per month per process V4 v
1010.7, condition C
-55° C to +150° C (plastic)
—65° C to +150° C (hermetic)

Thermal shock 1011.7, condition B 2 times per year per package v v
-55° Cto +125°C

Constant acceleration 2001E, 30,000G force, Y1 only 2 times per year per package - v

Mechanical shock 2002B, 1500G force, 0.5-ms 2 times per year per package - v
pulse peak

Lid torque 2024 1 time per month per package - v

Lead integrity 2004 B2 2 times per year per package v v

Internal water vapor content 1018, 5000 ppm maximum at 1 time per month per package - v
100°C

Temperature/humidity/bias 85° C/85% relative humidity, 5 V, | 1 time per month per package v =
1,000 hours minimum

Autoclave (pressure cooker) 121° C, 2 atm, 96 hours 1 time per month per package v -
minimum

Altera’s Reliability Engineering Lab uses the latest equipment for reliability
testing, allowing Altera engineers and technicians to perform accurate
reliability qualifications and monitoring on a timely basis. This equipment
provides engineers and technicians with the control and precision required
to perform rigorous semiconductor stress tests.

Results from Altera’s reliability monitoring program are published several
times each year in the Altera Reliability Report. This report summarizes the
test results for all Altera devices over a 15-month period. It includes
detailed descriptions of the reliability tests, their implementation, and
useful information about semiconductor reliability. For a copy of the Altera
Reliability Report, contact the Altera Literature Department at
(408) 894-7134.
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Features 3 Quad flat pack (QFP) carriers protect fragile leads on Altera QFP
devices.
1 Development socket allows on-board electrical and mechanical
prototype testing with QFP packages.
[ QFP carriers eliminate damage to leads caused by device handling.
3 Carriers and sockets are available in 100-, 160-, and 208-pin counts. =
1 Development socket footprints match QFP footprints, making §-
migration to production easier. 3
20
General The Altera QFP carrier and development socket protect the fragile leads on g
. .- QFP devices during shipping and throughout the development cycle. The
Desc"ptlﬂn socket has the same lead footprint as the device, so it can be used both

during mechanical and electrical prototyping.

The material used in the carrier and development socket helps prevent
electrostatic damage to the devices while providing excellent AC circuit
performance. QFP carriers and development sockets are currently available
for 100-, 160-, and 208-pin QFP packages. Figure 1 shows the 100-pin QFP
carrier and development socket.

Figure 1. 100-Pin QFP
Carrier & Development
Socket

Development Socket

Lid —_—

)

QFP Carrier

QFP Device

{7

Development
Socket
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QFP Carrier

The carrier is a static-dissipative, molded plastic shell that holds the device
and leads in a secure frame to prevent mechanical damage. The device is
held in the carrier by recessed plastic clips (2 clips on the 100-pin carrier
and 4 clips on the 160-pin and 208-pin carriers).

All MAX 5000 and MAX 7000 QFP devices with 100 or more pins are
shipped from the factory in carriers, thus eliminating the need to handle
the delicate device leads. The carriers are packaged either in anti-static
rails or strip packs. Devices can be programmed and erased while in the
carrier. EPROM-based QFP devices are erased with a UV lamp; EEPROM-
based QFP devices are erased in the programming adapter. Figure 2 shows
the dimensions of the QFP carriers.

[[5°  QFP devices without protective carriers should be handled with a
vacuum wand at an electrostatically protected workplace to reduce
the possibility of mechanical or electrical device damage.

Figure 2. QFP Carrier Dimensions

Dimensions are shown in millimeters.

100-Pin QFP Carrier

160- and 208-Pin QFP Carrier

L

il

]
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Pin Count L

P -
w H L J
ATRERAY
212 | 42 q

100 25.2 -
=

160 332 | 35.2| 5.1

208 332 | 352 5.1

QFP
Development
Socket

The QFP development socket footprint is compatible with the lead footprint
of the QFP device. It ensures the device’s electrical connection to the
printed circuit board and provides excellent AC circuit performance: low
noise, low capacitance, and low inductance. (A device mounted directly on
the printed circuit board will provide better interconnect capacitance and
inductance than a device loaded into the carrier/socket.) See Figure 3.

Page 480

Altera Corporation '




Data Sheet QFP Carrier & Development Soc@

Figure 3. QFP Development Socket Dimensions

Dimensions are shown T ﬁ
in millimeters. °
TR BRI RRRR B
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‘ —|— A1 ‘
| B1 |
D1 :
Contact & Lid Detail Board Layout
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Package | =]
Lead Et -+ =
|t s
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N Contact et ot
F2
« B2 —»
Alignment
Post
' }
.25 i -
P2
pe b f
—l P1le—
PinCount | A1 | A2 | B1 | B2| C | D1 D2 E1 E2 F1 F2 P1 | P2

100 0.20| 0.93| 25.0} 19.0| 12.0| 31.51| 25.54| 23.30| 17.30|30 Pads @ 0.65{20 Pads @ 0.65| 1.0 | 1.5

160 0.20| 0.93| 33.8| 33.8| 12.8| 39.60| 39.60| 32.08 | 32.08 |40 Pads @ 0.65(40 Pads @ 0.65| 1.0 | 1.5

208 0.20| 0.93| 33.8| 33.8| 12.8| 39.60| 39.60| 31.68| 31.68|52 Pads @ 0.50|52 Pads @ 0.50| 1.0 | 1.5
Tolerance |+0.02|+0.12|+0.12{+0.12|40.40| +0.20 | £0.20 | +0.12 | £0.12 +0.03{+0.12

s To ensure correct board layout, pad sizes must be compatible
with the development socket and the QFP device leads.

The development socket withstands the temperatures required by reflow
technology. With the appropriate solder mask, multiple development
sockets can be closely spaced on the board. Three alignment posts ensure
correct orientation and provide sufficient registration for reflow soldering.
When other components must be placed near the development socket, the
designer must ensure that component leads do not conflict with the outline
of the development socket.
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The QFP carrier is held in the development socket by the socket lid, which
braces the carrier against the electrical contacts in the socket. These contacts
connect the device leads to the development socket, ensuring a positive
electrical connection that is not susceptible to mechanical interruption
caused by jarring or impulsive shocks. The carrier design ensures that the
pressure of the socket contacts does not significantly affect the coplanarity
of the device leads. This carrier/socket combination allows the designer to
perform mechanical analysis during the functional prototyping cycle.

Altera also provides a tool to extract the QFP device from the carrier.
Although it is possible to extract a QFP device from the carrier without the
tool, Altera recommends using the tool for QFP devices with 160 or more
pins. Two extraction tools are available: one for 100-pin QFPs and one for
160- and 208-pin QFPs. See “Extracting a Device with the Extraction Tool”
later in this data sheet for complete details.

Step_bv_Step The following step-by-step instructions describe how to:
Instructions Insert the QFP carrier into the development socket

Remove the QFP cartrier from the development socket
Program a device in the QFP carrier

Extract a device from the QFP carrier

Extract a device from the QFP carrier with the extraction tool
Insert a device into the QFP carrier

ARG

[l5"  The device should be removed from the QFP carrier only after it
has been programmed and is ready to be soldered onto the board.

Inserting the QFP Carrier into the Development Socket

To insert the QFP carrier into the development socket:

1. Align the QFP carrier on the development socket by matching the
beveled corner of the carrier to the beveled corner of the socket and
aligning the alignment dots.

2. Place the socket lid over the socket and press down ﬁrmly on all four
corners of the lid. Clicking sounds will be clearly audible. See Figure 4.
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Figure 4. Inserting the QFP Carrier into the Development Socket
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Removing the QFP Carrier from the Development Socket

To remove the QFP carrier from the development socket:

1. Place the removal tool over the QFP socket lid, as shown in Figure 5.

2. Gently press down, making sure that the edges of the tool fit into the
slots on the top of the lid. Clicking sounds will be clearly audible.

3. While maintaining pressure, lift the lid and removal tool together.

4. Remove the carrier.

Figure 5. Removing the QFP Carrier from the Development Socket

100-Pin Carrier 160- and 208-Pin Carrier
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Programming a Device in the QFP Carrier

QFP devices that are shipped in the protective QFP carriers are ready to be
programmed with the Altera Master Programming Unit (MPU) and the
appropriate PLMQ-type programming adapter. With Altera programming
software and hardware, test vectors can be directly applied to the device
for programming verification and functional testing. Devices in QFP
packages can also be programmed with industry-standard programming
hardware from other manufacturers (e.g., Data 1/0).

To program a device in the QFP carrier:

1. Place the QFP carrier with the device into the programming adapter,
making sure that carrier and adapter are aligned correctly.

2. Close the retaining latch by pressing the latch against the socket.
A clicking sound is clearly audible as the latch fastens over the socket.

s The retaining latch on the clamshell-style programming adapter
socket ensures good electrical contact between the device leads
and the socket. The retaining latch must be shut after the QFP
carrier is placed into the programming adapter; otherwise,
programming problems may occur.

Extracting a Device from the QFP Carrier

Altera recommends using the extraction tool to extract QFP devices with
more than 160 pins from the QFP carriers. To extract a device from the QFP
carrier:

1. Place the QFP carrier against a flat surface.

2. Without applying pressure, hold down the device with the blunt end
of a pencil or another similar tool.

3. Bend up the yellow retaining clips located on diagonal corners of the
QFP carrier. See Figure 6.

Figure 6. Bending the
Retaining Clips to Extract
the QFP Device from the
QFP Carrier
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4.  Lift the QFP carrier straight up. See Figure 7.

Figure 7. Lifting the QFP Carrier to Extract the QFP Device
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Extracting a Device from the QFP Carrier with the Extraction Tool

The QFP carrier extraction tool has a floating platform set into the base of
the tool. The QFP device rests on this platform. The lever is connected to a
shaft whose head pushes the device out of the carrier. The shaft is mounted
on a vertical support that can be rotated to permit easy insertion and
removal of the device. The shaft mount incorporates a carrier holder that
secures the carrier after it has been extracted from the QFP device. See
Figure 8.

To extract a QFP device from the carrier:

1. Place the tool on a flat surface with the lever facing you.

2. Rotate the vertical support so that it does not block access to the device
platform.

3. Place the QFP device in the carrier on the floating platform (the Altera
logo on the carrier should be located in the upper right hand corner).
The carrier will not fit into the tool if it is inserted improperly.

4. Rotate the vertical support back over the QFP until the shaft head is
positioned directly over the QFP in the carrier. A click is clearly
audible.

5. Press down the lever so that the shaft head pushes the QFP out of the
carrier. Keep the lever down.

6. Pull the carrier straight up until it snaps onto the black plastic carrier

holder.

Pull the lever up to disengage the shaft head from the QFP device.

8. Rotate the vertical support away from the base.

N
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9. With a vacuum wand or another handling device, pick up the device.
Do not handle the device with your fingers to avoid damage to the leads.

s A QFP device should not be re-inserted into the QFP carrier with
the extraction tool.

Figure 8. Extracting the QFP Device from the Carrier with the Extraction Tool

Plastic
Carrier
Holder

\// Shaft Head

Floating Platform

Base

Inserting a Device into the QFP Carrier

To insert a QFP device into the QFP carrier:

1. Hold the carrier bottom side up.

2. With thumb and forefinger, bend the yellow retaining clips outward.

3. Place the device into the carrier so that the device leads fit into the
molded channels. The beveled corner of the device must be aligned
with the beveled corner of the QFP carrier. When the device is securely
seated in the carrier, the clips will snap back over the corners of the
device and hold it in place.
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Ordering
Information

The yellow plastic clips hold the device securely in place without hindering
access to the leads. The open carrier top allows the EPROM-based QFP
device to be placed under a UV lamp for device erasure.

I Altera recommends that the QFP device not be re-inserted into
the QFP carrier once it has been removed.

QFP carriers and development sockets are rated from —65° C to 155° C, and
are qualified to handle commercial, industrial, and military operating
temperatures. For up-to-date information on available QFP carriers and
development sockets, refer to Ordering Information in this data book.
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Data Sheeq

Introduction

This data sheet provides package outlines for all Altera devices. Table 1
shows the type of packages, lead materials, and lead finishes available.

Table 1. Altera Device Packages

Package Type Package| Lead Lead Finish
Code | Material
Alloy 42 Solder dip

Copper Solder dip (60/40)
Alloy 42 Solder dip (60/40)
Copper Solder plate (60/40)
Alloy 42 Gold over nickel plate
Copper Solder plate (80/20)
Alloy 42 Matte tin plate
Copper Solder plate (80/20)
Copper Solder plate (80/20)
Copper Solder plate (80/20)
Copper Solder plate (80/20)

5
=
=
=]
3
N
=
=
=1

Ceramic dual in-line

Plastic dual in-line
Ceramic J-lead

Plastic J-lead

Ceramic pin-grid array
Plastic small-outline IC
Ceramic quad flat pack
Plastic quad flat pack
Metal quad flat pack

Plastic thin quad flat pack
Power quad flat pack

T{H|Z|OS|w|@|r|-|T|O

Package outlines are listed here in ascending pin count order. Maximum
lead coplanarity is 0.004 in. (0.10 mm). For information on device package
ordering codes, see Ordering Information in this data book. Package outline
dimensions are shown in the following formats:

min. inches (min. millimeters)

max. inches (max. millimeters)

or:

nominal inches * tolerance

(nominal millimeters % tolerance)
or:

‘—.m.Ch—es~BSC, Min., Max., Ref.
(millimeters)

LAItera Corporation
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20-Pin Plastic Dual In-Line Package (PDIP)
See “Introduction” in this data sheet for dimension formats. Controlling measurement is in inches.
0.300 (7.62)
0.325 (8.26)
0.24 (6.10)
0.130
0.360 (9.14) 0100 Lo 3.:30) om0, 0.26 (6.60)
03006 | (254 [ @) "X oors, 704 Plcs 7|
i I e I ks B r — (0.38)
f I i Base plane I
0.055 (1.40) T ? g plane
0.065 (1.65) 15
e J L 0.055 (1.40) ? 0.008 (0.20) —»]
- 0.065 (1.65) 0.125 (3.18) 0.012 (0.30)
0.027 (0.69) Pin1 0.135 (3.43) 0.300 g
0.37 (0.99) . %;")ﬂ 7.62)

20-Pin Ceramic Dual In-Line Package (CerDIP)

See “Introduction” in this data sheet for dimension formats. Controlling measurement is in inches. For military-qualified
product, see case outline in MIL-STD-1835.

0o mnnoon

Window 20 17 0.200 + 0.010
g 10| | 7372025
L I I I O I
0.005 , . 0.080
3099 pin,
©13) - 0.950 £ 0.010 - 2.03) "%
(24.13 £ 0.25)
0.200 . 0305+ 0015
(5-08) (7.75+0.38)
0.025 = 0.010 _L
0.64£0.25) xS 0.010 + 0.002
J (0.25 £ 0.05)
e e I
0.018 + 0.002 (3 8) - 0.380 +0.015
0.100 BSC (0.46 + 0.05) 0.058 + 0.007 (9.65 +0.38)
(2.59) 147 £0.18)
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20-Pin Plastic Dval In-Line Package (PDIP)

See “Introduction” in this data sheet for dimension formats. Controlling measurement is in inches.

0.045(1.14) 0020, 1
0.055 (1.40) ‘ }* 0.51) ‘ ‘
i s e Y e Y N s O o O o |
0.245 (6.22)
o 0.270 (6.86)
Pin1 | S Iy s [l [ A [y D [ S S gy B f
1.025 (26.02) 0.140 (3.56)
0.295 (7.49)
1.035 (26.28) 0.170 (4.32)
now 1 0.325 (8.26)
0.125 (3.18) I \ (0.51) —
0.135(343) v_ -  E—
[ 1 0.008 (0.20) 5
- 0012(030) [=)
(=]
e e f S
0.100 0.016 (0.40) 0.125 (3.18) 3
(254 0.020 (0.51) 0.135 (3.43) %g-:g =Y
g
20-Pin Plastic J-Lead Chip Carrier (PLCC)
See “Introduction” in this data sheet for dimension formats. Controlling measurement is in inches.
Pin 1 See
n i
0.045_ .. / S Detail
———X 45 4 Ay
(1.18) \ 0.042 (1.07) \
0.048(1.22) - s
] h Y 0.013 (0.33)
| 0.021(053) 599 (7.37)
I 0.026 (0.65) + | o 0.320 (8.13)
] 0.032 081) T T
l L 0.090 (2.29)
. 0350(889)_ | l ‘ 0.050 0.120 (3.04)
0356 (3.08)% 020 ®C _»’ . 0165(4.19)
0385 078) 0.180 (4.57)
- q. —
0.395 (10.03)
0.01
ozsg M T oo L
I (051)
0.025 (0.64)
0.04 (1.14)
Detail A
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20-Pin Plastic Small-Outline Integrated Circuit (SOIC)
See “Introduction” in this data sheet for dimension formats. Controlling measurement is in inches.
0.496 (12.59)
0.512 (13.00)
HHHEHHHHHH
0.291 (7.39)
0.299 (7.59)
l d 0.394 (10.0)
BEHEHEHHEHE 0.419 (10.64)
Pin1 0.013 45| o
5T 0.093 (2.36) (0.33) ‘
g yp. _0.093 (2.36)
r_ 0.104 (2.64) 10° Typ. —»| j«—
\
] —n_s,
?
—J L —»‘ L— 0.004 (0.10) 0.016 (0.41) ’
0.013 (0.33) 0.050 0.012 (0.30) 0.050 (1.27)
0.020 (0.51) (1 .27)

24-Pin Ceramic Dual In-Line Package (CerDIP)

See “Introduction” in this data sheet for dimension formats. Controlling measurement is in inches. For military-qualified

product, see case outline in MIL-STD-1835.

iwlwinininEninisinEulnin)

Window | 24 13 0.295 + 0.015
(7.49 +0.38)
1 12
N O I I | 0.090
0.005 —» |« ——— Max.
©13) Min- ‘ "_ 1.26+0.02 ‘ (2.29)
! (32.00 + 0.51)
0.200
0.200 0.305 + 0.015
0.028 +0.013 (5.08) r—»i 775+ 038)
(0.71£033) ] I
[ 0.012 0.004
. 001220004
I (0.30 £ 0.10)
0.100 ) \ —>| |<—— 0.125
=" BsC—| |+ —— Min. ° . 150
(2.54) 0.018 + 0.003 (3.18) Ml 0.380 £ 0.015
0.018 +0.003 ,| 0380 £0.015
(0.46 = o.os)_. 0.057 +0.008 (9.65 +0.38)

(1.45 £ 0.20)

Page 492

Altera Corporation




Altera Device Package Outlines

Data Sheet

24-Pin Plastic Dual In-Line Package (PDIP)

See “Introduction” in this data sheet for dimension formats. Controlling measurement is in inches.

le—

0.045 (1.14) 0.020 Min. —»

|

- e =
l 0055(1.40)  (0.51)
o O o S s s e e s O s s e N e O o | ;
$ 0.245 (6.22)
5 0.270 (6.86)
v
Pin.‘/l_l\_.ll_ll__‘\_l\_l\_ll_u_u_u_n_J T
1.240 (31.48)
' 1.255 (31.88) ! 0.140 5.51) 0.205 (7.49)
0.170 (4.32) 0.325 (8.26)
0.020
0125 (3.18) T \ s "™
0.145 (3.68) I 1
. o020 [y
L — 0.012 (0.30) =%
e
016 (0.41
0020 o || Toam e SO iy osoeen B
X 259 °° R XEEY D) 033038 [
(=]
-

24-Pin Plastic Small-Outline Integrated Circuit (SOIC)

See “Introduction” in this data sheet for dimension formats. Controlling measurement is in inches.

0.599 (15.21)

0.614 (15.59)
BEHEEAARBAAH
0.291 (7.39)
0.299 (7.59)
o
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0.020 (0.51) 0.012 (0.30)
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0013 o,
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0.016 (0.41) J L i

0.50 (1.27)
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28-Pin Ceramic Dual In-Line Package (CerDIP)

See “Introduction” in this data sheet for dimension formats. Controlling measurement is in inches.

:V:’;?wozsu T e B B e
A X 0. 28 15
~ OO X et 0.290 +0.010
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28-Pin Plastic Dual In-Line Package (PDIP)
See “Introduction” in this data sheet for dimension formats. Controlling measurement is in inches.
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28-Pin Plastic Smali-Outline Integrated Circuit (SOIC)

See “Introduction” in this data sheet for dimension formats. Controlling measurement is in inches.

0.697 (17.70)

0.713 (18.11)
; HHHHHHHHHHHHHE
0.201 (7.39)
0.209 (7.59) 0.394 (10.0)
\ lo 0.419 (10.64)
oin 1 HEEEHEEEHHEEEHEERE 0.013, so L 1o
0.33)
+— 5° Typ. 0.093 (2.36) 10° Typ.—»| j«—
/ 0.104 (2.64)
-i ) ’l% S
0.016 (0.41
0.013(0.33) _.‘ L 0.004 (0.10) WEL'H;_’ -~ -l
0.020 (0.51) 51210.30) >
0050 po | L ; E]

(1.27)

28-Pin Ceramie J-Lead Chip Carrier (JLCC)

See “Introduction” in this data sheet for dimension formats. Controlling measurement is in inches. For military-qualified
product, see case outline in Altera Military Product Drawing 02D-00194.
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28-Pin Piastic J-Lead Chip Carrier (PLCC)

See “Introduction” in this data sheet for dimension formats. Controlling measurement is in inches.
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(1.14)

N

L

o

Pin1

0.450 (11.43)

e ma ey 04—
0.456 (11.58) 0.01
254 Max. —»| |«—
0.485 (12.32) (0:254)
— - Sq. —>|
0.495 (12.57)
Detail A

0.050
(1.27) Bsc

0.020 yyp,

"* (0.51)

v 0.025 (0.64)
0.04 (1.13)

0.056 (1.42)

4
g
\
0.042 (1.07)
0.04 (1.22)
' n
—
0.026 (0.66)

0.042 (1.07)

0.032 (0.81)

0.390 (9.91)
0.430 (10.92)

0.013 (0.33)
0.021 (0.53)

0.020
(0.51)

0.090 (2.29)
0.120 (3.05)

0.165 (4.19)
0.180 (4.57)

28-Pin Plastic Small-Outline Integrated Circuit (SOIC)

See “Introduction” in this data sheet for dimension formats. Controlling measurement is in inches.
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40-Pin Ceramic Dual In-Line Package (CerDIP)

See “Introduction” in this data sheet for dimension formats. Controlling measurement is in inches. For military-qualified
product, see case outline in MIL-STD-1835.
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See “Introduction” in this data sheet for dimension formats. Controlfing measurement is in inches.
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44-Pin Ceramic J-Lead Chip Carrier (JLCC)

See “Introduction” in this data sheet for dimension formats. Controlling measurement is in inches. For military-qualified
product, see case outline in MIL-STD-1835.
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44-Pin Plastic J-Lead Chip Carrier (PLCC)

See “Introduction” in this data sheet for dimension formats. Controlling measurement is in inches.

See
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O Y | o | T
a a— /
] h L
A s 0.042 (1.07)
= i 0.048 (1.22) 0.590 (14.98)
] = 0.630 (16.0)
i i 0.013 (0.33)
i i 0.021 (0.53)
i ] =
L] ] B £}
i [ — ! S
v 3
0.032(0.81) — 0.025 =3
0650 (16.51) o (0.64) =1
0.656 (16.66) N 0.09 (2.29)
0685 (17.39) 0.120 (3.05)
0.695 (17.65) 0.01 N . 0165 (4.19)
——— Max. "0.180 (4.57)
o258 |1, | 0020, 0.180 (4.57)
(0.508)
0.025 (0.64)
0.045 (1.14)
Detail A

Altera Corporation Page 499




Altera Device Package Outlines Data Sheet
44-Pin Plastic Quad Flat Pack (PQFP)
See “Introduction” in this data sheet for dimension formats. Controlling measurement is in millimeters.
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44-Pin Thin Plastic Quad Flat Pack (TQFP)

See “Introduction” in this data sheet for dimension formats. Controlling measurement is in millimeters.
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68-Pin Ceramic J-Lead Chip Carrier (JLCC)

See “Introduction” in this data sheet for dimension formats. Controlling measurement is in inches. For military-
qualified product, see case outline C-J2 in Appendix C of MIL-M-38510.
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68-Pin Plastic J-Lead Chip Carrier (PLCC)

See “Introduction” in this data sheet for dimension formats. Controlling measurement is in inches.
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68-Pin Small Outline Ceramic Pin-Grid Array (PGA)

See “Introduction” in this data sheet for dimension formats. Controlling measurement is in inches. For military-qualified
product, see case outline in Altera Military Product Drawing 02D-00205.
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68-Pin Large Outline Ceramic Pin-Grid Array (PGA)

See “Introduction” in this data sheet for dimension formats. Controlling measurement is in inches. For military-qualified
product, see case outline in MIL-STD-1835.
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l Data Sheet Altera Device Package 0utlineﬂ

84-Pin Ceramic J-Lead Chip Carrier (JLCC)

See “Introduction” in this data sheet for dimension formats. Controlling measurement is in inches.

| 1.00 bt | See
0.045 . 254 . Detail
(1ag) X% Pin 1 Window ‘ @4 ‘ A

B oo T T o T o 7

( )
N 0.26 (0.66)
0.32 (0.81)

v

f

1.090 (27.69)
1.130 (28.70)

i
1/

0.017 (0.43)
0.023 (0.58)

a0 e i 1 e e

L 0 o e 0 | s

|
1

=3
3
)
=
=
I~
=
S
S

Uy v

11 0.030 0.762)
0.040 (1.02)

| 0.090(2.29)
0.120 (3.05)

_ . 0.155(3.94)
0.020 0.200 (5.08)

0 | | O s

1142 (29.01) ’
\ 1.158 (29.41) i

0.006 (0.15) _,
1185 (30.10) o 0.010 (0.25)

1.195(30.35) -3 0.035

|—

t

-

Detail A

Altera Corporation Page 505




| Altera Device Package Outlines Data SheetJ

84-Pin Plastic J-Lead Chip Carrier (PLCC)

See “Introduction” in this data sheet for dimension formats. Controlling measurement is in inches.
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[ Data Sheet

Altera Device Package Outlines

84-Pin Small Outline Ceramic Pin-Grid Array (PGA)

See “Introduction” in this data sheet for dimension formats. Controlling measurement is in inches. For military-qualified
product, see case outline in MIL-STD-1835.
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84-Pin Large Outline Ceramic Pin-Grid Array (PGA)

See “Introduction” in this data sheet for dimension formats. Controlling measurement is in inches. For military-qualified
product, see case outline in MIL-STD-1835. .
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fAltera Device Package Outlines

Data Sheet

100-Pin Small Outline Ceramic Pin-Grid Array (PGA)

See “Introduction” in this data sheet for dimension formats. Controlling measurement is in inches. For military-qualified
product, see case outline in MIL-STD-1835.

1.320 + 0.020

Sq. 1.200 + 0.015 0.128 £ 0.012
(33.53 £ 0.51) {30.48 £ 0.30) (3.24 £0.32) . 0.180 + 0.005
0.710 + 0.005 e 0.100 . ! (4.57+£0.13)
(18.03£0.13) — I‘—m Typ % 5 e [k
( v 00000000060 [ =
M|{0OOROOOOOOVOO \ms
L6 0®e = 00 | gy W
f %% %% 20.01810.002
H| @O ®©6| o710+0005 = (°'4sf°'°5)
G Cicac (18.03 +0.13) T
Flooo OO —
/ e |0O ©© -—
° ©© ©© p. L — 0.050D|
¢ |lee Olole) © G = Dl
B |[©0O000Q0OOO@ON 097 piy1yp. =
N @@@@@ HOOOOOE) 1) | bt
Window A1 1234567 82910111213 0,050 0.005 J
Tazrrors T

|, 0008 gy,
T

100-Pin Large Outline Ceramic Pin-Grid Array (PGA)

See “Introduction” in this data sheet for dimension formats. Controlling measurement is in inches. For military-qualified
product, see case outline in MIL-STD-1835.
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Altera Device Package Outlines

100-Pin Ceramic Quad Flat Pack (CQFP)

See “Introduction” in this data sheet for dimension formats. Controlling measurement is in millimeters.
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[ Altera Device Package Outlines Data Sheet

100-Pin Plastic Quad Flat Pack (PQFP)

See “Introduction” in this data sheet for dimension formats. Controlling measurement is in miflimeters.
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Data Sheet

Altera Device Package Outlines1

100-Pin Thin Plastic Quad Flat Pack (TQFP)

See “Introduction” in this data sheet for dimension formats. Controlling measurement is in millimeters.
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I Altera Device Package Outlines

Data Sheet

160-Pin Ceramic Pin-Grid Array (PGA)

See “Introduction” in this data sheet for dimension formats. Controlling measurement is in inches.
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Altera Device Package Outlines—l

160-Pin Plastic Quad Flat Pack (PQFP)

See “Introduction” in this data sheet for dimension formats. Controlling measurement is in millimeters.
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I Altera Device Package Outlines

Data Sheﬂ

192-Pin Ceramic Pin-Grid Array (PGA)

See “Introduction” in this data sheet for dimension formats. Controlling measurement is in inches.
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Altera Device Package Outlines

208-Pin Ceramic Quad Flat Pack (QFP)

See “Introduction” in this data sheet for dimension formats. Controlling measurement is in millimeters.
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Altera Device Package Outlines Data Sheet

208-Pin Metal Quad Flat Pack (MQFP)

See “Introduction” in this data sheet for dimension formats. Controlling measurement is in millimeters.
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Altera Device Package Outlines

208-Pin Power Quad Fiat Pack (RQFP)

See “Introduction” in this data sheet for dimension formats. Controlling measurement is in millimeters.
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| Altera Device Package Outlines

Data Sheet

232-Pin Ceramic Pin-Grid Array (PGA)

See “Introduction” in this data sheet for dimension formats. Controlling measurement is in inches.
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LData Sheet Altera Device Package OutlinesJ

240-Pin Metal Quad Flat Pack (MQFP)

See “Introduction” in this data sheet for dimension formats. Controlling measurement is in millimeters.
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I Altera Device Package Outlines

Data Sheet ]

240-Pin Power Quad Flat Pack (ROFP)

See “Introduction” in this data sheet for dimension formats. Controlling measurement is in millimeters.
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Ordering Information

l August 1993, ver. 6

Altera Devices

Figure 1 explains the ordering codes for Altera devices. Since many devices

are available with different pin counts for the same package type, many of

the the ordering codes include pin count. Some devices userelative numbers
(e.g., -1, -2) to designate speed grades, while others use actual propagation
delay times (e.g., -15, -20). For information on specific package, speed
grade, and operating temperature combinations, refer to individual device
data sheets in this data book, or contact Altera Marketing at (408) 894-7000.

EP:

EPM:

EPF:

EPC:
EPS:
EPB:

Device Type:

EP:

EPM:

EPF:

EPC:
EPS:
EPB:

Package Type:

THAOZSOPOLE DO

Figure 1. Device Package Ordering Codes

EPM 7032 L C 44

Family Signature: ———————,

Classic device

MAX 5000 or MAX 7000 device
FLEX 8000 device
Configuration EPROM device
EPS464 or SAM device

Micro Channel device

330, 610, 610A, 910, 910A, 1810
5016, 5032, 5064, 5128, 5128A, 5130, 5192,

5192A, 7032, 7032V, 7064, 7096, 7128, 7160,

7192, 7256

8282, 8282V, 8452, 8820, 81188, 81500
1064, 1213

448, 464

2001

Ceramic dual in-line package (CerDIP)
Plastic dual in-line package (PDIP)

Ceramic J-lead chip carrier (JLCC)

Plastic J-lead chip carrier (PLCC)

Ceramic pin-grid array (PGA)

Balil-grid array (BGA)

Plastic small-outline integrated circuit (SOIC)
Ceramic quad flat pack (CQFP), Note (1)
Metal quad flat pack (MQFP), Note (1)
Plastic quad flat pack (PQFP), Note (1)

Thin plastic quad flat pack (TQFP), Note (1)
Power quad flat pack (RQFP), Note (1)

Note:
MAX 5000 and MAX 7000 devices in QFP packages with 100 or more pins are shipped in QFP carriers. For more
information on QFP carriers, see the QFP Carrier & Development Socket Data Sheet in this data book.

@®

5
=
o
=
3
]
=
=)
S

l— Speed Grade:

See individual data sheets in this data book for
speed/product relationships (e.g., -2, -15T, or blank).

Pin Count:

Number of pins for devices with different pin-count
options (MAX 7000, FLEX 8000, and Configuration
EPROM devices only).

Operating Temperature/Military Processing:

C: Commercial temperature (0° C to 70° C)

I: Industrial temperature (-40° C to 85° C)

M: Military temperature (-55° C to 125° C)

M883B  Processed to MIL-STD-883, current revision

M883BX: Processed to MIL-STD-883, current revision
with modified J-lead package dimension

MB: Fully compliant with deviation to
MIL-STD-883, current revision (consult Altera
for specific deviations)

5962: DESC Standard Military Drawing (SMD)

Examples:

EPF81188GC232-3 EPF81188in a ceramic 232-pin
PGA package, commercial
temperature range, -3 speed grade

EPM5130GM883B EPM5130 in a ceramic 100-pin
PGA package,
MIL-STD-883B-qualified

| Alte

ra Corporation

Page 5241!




Ordering Information ]

MIL-STD-883-compliant product specifications are provided in Military
Product Drawings (MPDs) available from Altera Marketing. These MPDs
should be used to prepare Source Control Drawings (SCDs).

Develo pment Table 1 provides ordering coc}es for Altera’s MA).(+PLUS II development
systems and software and lists the Altera devices supported by each
Tools configuration. Refer to the MAX+PLUS II Programmable Logic Development

System & Software Data Sheet for details on each package. To order add-on
products, the base system must be covered by a current software
maintenance agreement.

Table 1. Altera Development Systems, Software & Device Support
Development System & Software Features Device Compilation Support (7)
Ordering Base Advanced | Workstation | Programming | FLEX | MAX | MAX Classic
Codes Design Design Design Hardware | 8000 | 7000 | 5000 | EPM5016
Environment | Environment | Environment EPS464 | EPM5032
2) (3) 4) EPM7032
EPM7032V
MAX+PLUS |l Base Systems (PC Platform)
PLS-ES v v
PLS-STD v v/ v
PLS-ADV v v v v
PLS-FLEX8 v v v v
PLS-HPS v v v/ v v
PLDS-HPS v v v v v v
MAX+PLUS Il Add-On Products (PC Platform)
PLSM-5K v
PLSM-7K v
PLSM-8K v
PLSM-ADE v
MAX+PLUS Il Base Systems (Workstation Platform)
PLS-WS/HP v v Vv v v/
PLS-WS/SN v v | Vv v v/
MAX+PLUS Il Add-On Products (Workstation Platform)
PLSM-TA (5) | 1 | v 1 1
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Notes to table:
(1) Device compilation support includes logic synthesis and fitting.
(2) The base design environment includes the following features:
—  Schematic capture
—  Text design entry with the Altera Hardware Description Language (AHDL)
- Bidirectional EDIF 2 00 and EDIF 2 9 0 interface
- LPMinput
- Hierarchical design management
- Automatic error location
- Timing analysis
- Extensive on-line help
(3) The advanced design environment includes the following additional features:
- Waveform design entry and editing
—  Design-rule checking
- Multi-device partitioning within a device family
- Functional, timing, and multi-device simulation across device families
—~  Timing analysis across device families
(4) The workstation design environment includes the following features:
~  Text design entry with AHDL
- Bidirectional EDIF 2 0 0 and EDIF 2 9 0 interface
- LPMinput
~  Multi-device partitioning within a device family
- Standard CAE interfaces
-~ Extensive on-line help
(5) This add-on product provides timing analysis across device families for
MAX+PLUS 11 for workstations.

=)
—
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Floating Node In addition to the base system, users can purchase floating nodes that are
. tied to a license manager on a workstation network. These extra nodes can
Licenses for be obtained by purchasing one or more floating node licenses (see Table 2).
i Each floating node includes a unique Altera identification number that is
Workstations associated with the original base system purchased. To purchase a floating
node, the original base system must be covered by a current software

maintenance agreement.

Table 2. Floating Node Licenses for Workstations

Product Ordering Code
PLS-WS/SN PLSM-WS/SN
PLS-WS/HP PLSM-WS/HP

Altera Corporation Page 523




| Ordering Information

Software
Maintenance
Agreement

Programming
Hardware &
Adapters

Renewable, one-year software maintenance agreements for development
products provide software and documentation updates for all registered
users of Altera development systems. Table 3 shows the codes for ordering

software maintenance agreements.

Table 3. Software Maintenance Agreement
Product Ordering Code

PLS-ES PLAESW-ES
PLS-STD PLAESW-STD
PLS-ADV PLAESW-ADV
PLS-FLEX8 PLAESW-FLEX8
PLS-HPS, PLDS-HPS PLAESW-HPS
PLSM-5K PLAESW-5K
PLSM-7K PLAESW-7K
PLSM-8K PLAESW-8K
PLSM-ADE PLAESW-ADE
PLS-WS/SN, PLSM-WS/SN, PLAESW-WS
PLS-WS/HP, PLSM-WS/HP
PLSM-TA PLAESW-TA

This section provides the ordering codes for Altera programming hardware.
Table 4 lists the ordering codes for the programming card and units. For
complete information on programming hardware and adapters, see the
Altera Programming Hardware Data Sheet in this data book.

Table 4. Programming Hardware
Product Ordering Code Description

LP6 Logic PLP6 Interfaces with IBM PC-AT or compatible

Programmer Card computer.

LP5 Logic PLP5 Interfaces with IBM PS/2 or compatible

Programmer Card Micro Channel computer.

Master Programming PL-MPU Programs all Altera devices (with the

Unit (MPU) appropriate device adapter).

Compatibility Adapter PLADS-12 Interfaces PLE- prefix adapters to MPU.
Together with MPU, directly supports
EP330 devices.

Altera Stand-Alone PL-ASAP2 |Includes programming software, a Logic

Programmer Programmer card, and the MPU.
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Table 5 lists the ordering codes for programming adapters. PLAD3-12 and
PLM-prefix programming adapters plug directly into the Master
Programming Unit (MPU). PLM-prefix adapters provide programming
support, device-to-socket continuity testing, and device functional testing
(except for FLEX 8000 and Configuration EPROM devices). PLAD3-12
compatibility adapters allow PLE-prefix adapters, which provide

programming support, to be used with the MPU.

Table 5. Device Adapter Support (Part 1 of 2)
Device Package Adapter
EP330 DIP PLAD3-12
J-Lead PLEJ330
SoIC PLES330
EP600/610/610A/610T DIP PLED610
J-lead PLEJ610
SoIC PLES610
EP900/910/910A/910T DIP PLED910
J-lead PLEJ910
EP1800/1810/1810T J-lead PLMJ1810
PGA PLEG1810 B
EPB2001 "~ [JHead PLEJ2001 |
EPM5016 DIP PLED5016
J-lead PLEJ5016
SoIC PLES5016
EPM5032 DIP PLMD5032
J-lead PLMJ5032
soIc PLES5032
EPM5064 J-lead PLMJ5064
EPM5128/5128A J-lead PLMJ5128A
PGA PLMG5128A
EPM5130 J-lead PLMJ5130
PGA PLEG5130
QFP PLMQ5130
EPM5192/5192A J-lead PLMJ5192
PGA PLMG5192
QFP (EPM5192A PLMQ5192A
only)
EPM7032, EPM7032V J-lead PLMJ7032-44
QFP PLMQ7032-44
TQFP PLMT7032-44
EPM7064 J-lead (68-pin) PLMJ7000-68
J-lead (84-pin) PLMJ7000-84
PQFP PLMQ7000-100
I Altera Corporation Page 525 ]
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Table 5. Device Adapter Support (Pari 2 of 2)

Device Package Adapter
EPM7096 J-lead (68-pin) PLMJ7000-68
J-lead (84-pin) PLMJ7000-84
QFP PLMQ7000-100
EPM7128 J-lead (68-pin) PLMJ7000-68
J-lead (84-pin) PLMJ7000-84
QFP (100-pin) PLMQ7000-100
QFP (160-pin) PLMQ7128-160
EPM7160 J-lead PLMJ7000-84
QFP (100-pin) PLMQ7000-100
QFP (160-pin) PLMQ7160-160
EPM7192 PGA PLMG7192-160
QFP PLMQ7192-160
EPM7256 PGA PLMG7256-192

QFP (160-pin)
QFP (208-pin)

PLMQ7256-160
PLMQ7256-208

All FLEX 8000 devices all Note (1)
EPC1064 DIP PLMJ1213
J-lead PLMJ1213
TQFP PLMT1064
EPC1213 DIP PLMJ1213
J-lead PLMJ1213
EPS448 DIP PLED448
J-lead PLEJ448
EPS464 J-lead PLMJ464
QFP PLMQ464
Note:

(1) Configuration of FLEX 8000 devices is supported by Configuration EPROMs and
the FLEX Download Cable, which is provided with Configuration EPROM adapters.

[ Page 526

Altera Corporation l




r Ordering Information ]

Devel opme nt Table 6 shows the ordering codes for QFP device development sockets. All
MAX 5000/ EPS464 and MAX 7000 QFP devices with 100 or more pins are
Sockets for shipped in QFP carriers. QFP carriers and development sockets are rated
QFP ca rrie rs from —-65° C to 155° C and are qualified to handle commercial (C), industrial
(I), and military (M) operating temperatures.
Table 6. QFP Device Sockets
Product Ordering Code
100-pin development socket (includes removal tool) PL-SKT/Q100
160-pin development socket (includes removal tool) PL-SKT/Q160
208-pin development socket (includes removal tool) PL-SKT/Q208 _
=
=)
Table 7 shows the ordering codes for the QFP carrier extraction tools. 3
o
=
Table 7. QFP Carrier Extraction Tools =
Product Ordering Code
100-pin QFP carrier extraction tool PL-EXT1
160- and 208-pin QFP carrier extraction tool PL-EXT2
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D = n A from Altera Applications

‘ August 1993, ver. 1 ]

Introduction Altera’s technical support team includes over 30 Applications Engineers
dedicated to promptly resolving customers’ technical issues. These
Applications Engineers are located at Altera’s headquarters in San Jose,
California, and at several locations around the world.

In addition, Altera Applications offers the following services:

=
(=]
O Training courses 3
0  Electronic bulletin board service =
QO Applications publications =
O  Design evaluations
O Technical support hotline
Trainin g Altera provides a variety of training courses that help customers efficiently
use Altera products. With these courses, customers can fine-tune their
Courses skills with Altera development tools or simply learn more about Altera

products. Courses include device architectures, MAX+PLUS II
demonstrations, and how-to sessions. All training courses can be tailored
to fit customer needs.

Training courses are held at Altera in San Jose; in some cases, they can be
held at customer sites. For more information, contact Altera Applications
at (408) 894-7000.

E|ec"0n ic Altera maintains a 24-hour electronic bulletin board service (BBS) for
. instant access to the latest Altera product information. On-line versions of

Bulletin Board Altera application notes and briefs, as well as recent quarterly newsletters,

Service are available from the BBS. Software utility programs are also available.

The telephone number for the BBS is (408) 249-1100. To connect to the BBS
via modem, the following equipment and configuration is required:

0 1200 or 2400 baud rate
0 Bell Standard 212A or compatible modem
1 8 data bits, 1 stop bit, no parity
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Applications
Publications

Design
Evaluations

Technical
Support Hotline

The following file transfer protocols are supported:

ASCII (non-binary)
Xmodem (checksum)
Xmodem-CRC (CRC)
Ymodem-G (1K-Xmodem-G)
Ymodem (1K-Xmodem)
Kermit

ooo0oo0go

Altera Applications produces technical application notes and briefs to help
customers select and use programmable logic. All technical literature
currently available from Altera is listed in the Applications quarterly
customer newsletter, News & Views. The News & Views newsletter also
includes technical articles written by Altera Applications engineers, a
question and answer section that addresses many commonly asked
questions, and the latest information on Altera products. All registered
users of Altera products receive News & Views each quarter.

If customers are considering using Altera devices, Altera Applications
Engineers can evaluate their designs and recommend a device that will
best fit their needs. Applications engineers will also estimate device
performance. For more information, contact your local Altera sales office.

From 7:30 am. to 5:00 p.m. Pacific Standard Time, customers can talk
directly to Applications Engineers when they call (800) 800-EPLD. Questions
are handled promptly and completely, ensuring that the design process
keeps moving forward. If customers are outside of the United States, they
can contact their local Altera distributor or sales office, or send a fax to
(408) 954-0348.
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Sales Offices,
Distributors
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& Representatives
(August 1993 ‘
Altera U.S. Alora Gorpordlon Altra Gorporaton

Sales Offices

Altera
International
Sales Offices

2610 Orchard Parkway
San Jose, CA 95134-2020
TEL: (408) 894-7900
FAX: (408) 428-0463

SOUTHERN CALIFORNIA
Altera Corporation

6 Morgan, Suite 100
Irvine, CA 92718
TEL: (714) 587-3002
FAX: (714) 587-9789

GEORGIA

Altera Corporation

1080 Holcomb Bridge Road
Bldg. 100, Suite 300
Roswell, GA 30076

TEL: (404) 594-7621

FAX: (404) 998-9830

ILLINOIS

Altera Corporation

150 N. Martingale Road, Suite 838
Schaumburg, IL 60173

TEL: (708) 240-0313

FAX: (708) 240-0266

238 Littleton Road
Suite 204

Westford, MA 01886
TEL: (508) 392-1100
FAX: (508) 392-1157

NEW JERSEY

Altera Corporation

981 U.S. Highway 22, Suite 2000
Bridgewater, NJ 08807

TEL: (908) 526-9400

FAX: (908) 526-5471

TEXAS

Altera Corporation

5080 Spectrum Drive, Suite 812W
Dallas, TX 75248

TEL: (214) 701-2330

FAX: (214) 701-2331
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UNITED STATES

(CORPORATE HEADQUARTERS)
Altera Corporation

2610 Orchard Parkway

San Jose, CA 95134-2020
USA

TEL: (408) 894-7000

TLX: 888496

FAX: (408) 433-3943

UNITED KINGDOM

(EUROPEAN HEADQUARTERS)
Altera U.K. Limited

Solar House

Globe Park, Fieldhouse Lane
Marlow, Bucks SL7 ITB
England

TEL: (44) 628 488800

FAX: (44) 628 890078

FRANGE
Altera France
Zac La Sabliere

4, Rue Maryse Bastie
91430-IGNY
France

TEL: (33)16
FAX: (33) 1 6!

GERMANY

Altera GmbH
BahnhofstraBe 9
D-85386 Eching
Germany

TEL: (49) 89/3196014
TLX: (841) 5213250
FAX: (49) 89/3192193

85 5630

9
9 85 5614
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Altera
International

Sales Offices

(continued)

North American

Distributors

U.S. Sales

Representatives

ITALY

Altera ltalia

Corso Lombardia 75
Autoporto Pescarito

10099 San Mauro, Torinese
(Torino)

ltaly

TEL: (39) 11 223 8588
FAX: (39) 11 223 8589

JAPAN

Altera Japan K.K.

Ichikawa Gakugeidai Building
2nd Floor

12-8 Takaban 3-chome
Meguro-ku, Tokyo 152
Japan

TEL: (81) 33 716-2241

FAX: (81) 33 716-7924

Alliance Electronics

Almac/Arrow

Arrow/Schweber Electronics Group
Future Electronics (Canada only)

Newark Electronics

Pioneer-Standard Electronics
Pioneer Technologies Group
Semad (Canada only)

Wyle Laboratories

ALABAMA

EnVision, Inc.

1009 Henderson Road, Suite 400B
Huntsville, AL 35816

TEL: (205) 721-1788

FAX: (205) 721-1789

ARIZONA

Oasis Sales, Inc.

301 E. Bethany Home Road #A135
Phoenix, AZ 85012

TEL: (602) 277-2714

FAX: (602) 263-9352

ARKANSAS

Technical Marketing, Inc.
3320 Wiley Post Road
Carrollton, TX 75006
TEL: (214) 387-3601
FAX: (214) 387-3605

CALIFORNIA

Addem

1015 Chestnut Street #F2
Carlsbad, CA 92008

TEL: (619) 729-9216
FAX: (619) 729-6408

Altera Corporation

2610 Orchard Parkway
San Jose, CA 95134-2020
TEL: (408) 894-7900
FAX: (408) 428-0463

Infinity Sales

20 Corporate Park, Suite 100
Irvine, CA 92714

TEL: (714) 833-0300

FAX: (714) 833-0303

Sierra Technical Sales
23566 Woodhaven Place
Auburn, CA 95602
TEL: (916) 268-3357
FAX: (916) 268-0192

COLORADO

Compass Marketing

5600 S. Quebec Street, Suite 350D
Englewood, CO 80111

TEL: (303) 721-9663

FAX: (303) 721-0195

CONNECTICUT
Technology Sales, Inc.
237 Hall Avenue
Wallingford, CT 06492
TEL: (203) 269-8853
FAX: (203) 269-2099

DELAWARE

BGR Associates
Evesham Commons
525 Route 73, Suite 100
Marlton, NJ 08053
TEL: (609) 983-1020
FAX: (609) 983-1879

DISTRICT OF COLUMBIA

Robert Electronic Sales

5525 Twin Knolls Road, Suite 325
Columbia, MD 21045

TEL: (410) 995-1900

FAX: (410) 964-3364

FLORIDA

EIR, Inc.

1057 Maitland Center Commons
Maitland, FL 32751

TEL: (407) 660-9600

FAX: (407) 660-9091

GEORGIA

EnVision, Inc.

3220 Pointe Parkway
Norcross, GA 30092
TEL: (404) 840-1055
FAX: (404) 840-1048

LPage 532

Altera Corporation




Sales Offices, Distributors & Representatives

IDAHO

Compass Marketing

5 Triad Center, Suite 320
Salt Lake City, UT 84180
TEL: (801) 322-0391
FAX: (801) 322-0392

Phase Il Technical Sales
550 Kirkiand Way, Suite 100
Kirkland, WA 98033

TEL: (206) 828-8182

FAX: (206) 828-7472

ILLINOIS

AEM, Inc.

11520 St. Charles Rock Road, Suite 131
Bridgeton, MO 63044

TEL: (314) 298-9900

FAX: (314) 298-8660

Qasis Sales Corporation
1101 Tonne Road

Elk Grove Village, IL 60007
TEL: (708) 640-1850

FAX: (708) 640-9432

INDIANA

Electro Reps, Inc.

7240 Shadeland Station, Suite 275
Indianapolis, IN 46256

TEL: (317) 842-7202

FAX: (317) 841-0230

10WA

AEM, Inc.

4001 Shady Oak Drive
Marion, IA 52302
TEL: (319) 377-1129
FAX: (319) 377-1539

KANSAS

AEM, Inc.

8843 Long Street
Lenexa, KS 66215
TEL: (913) 888-0022
FAX: (913) 888-4848

KENTUCKY

Electro Reps, Inc.

7240 Shadeland Station, Suite 275
Indianapolis, IN 46256

TEL: (317) 842-7202

FAX: (317) 841-0230

Lyons Corp.

4812 Frederick Road, Suite 101
Dayton, OH 45414

TEL: (513) 278-0714

FAX: (513) 278-3609

LOUISIANA

Technical Marketing, Inc.
2901 Wilcrest Drive, Suite 139
Houston, TX 77042

TEL: (713) 783-4497

FAX: (713) 783-5307

MAINE

Altera Corporation

238 Littleton Road, Suite 204
Westford, MA 01886

TEL: (508) 392-1100

FAX: (508) 392-1157

MARYLAND

Robert Electronic Sales

5525 Twin Knolls Road, Suite 325
Columbia, MD 21045

TEL: (410) 995-1900

FAX: (410) 964-3364

MASSACHUSETTS

Altera Corporation

238 Littleton Road, Suite 204
Westford, MA 01886

TEL: (508) 392-1100

FAX: (508) 392-1157

Technology Sales, Inc.
332 Second Avenue
Waltham, MA 02154
TEL: (617) 890-5700
FAX: (617) 890-3913

MICHIGAN

Rathsburg Associates, Inc.
34605 Twelve Mile Road
Farmington Hills, Ml 48331
TEL: (313) 489-1500
FAX: (313) 489-1480

MINNESOTA

Cahill, Schmitz & Cabhill, Inc.
315 N. Pierce

St. Paul, MN 55104

TEL: (612) 646-7217

FAX: (612) 646-4484
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MISSISSIPPI
EnVision, Inc.

3220 Pointe Parkway
Norcross, GA 30092
TEL: (404) 840-1055
FAX: (404) 840-1048

MISSOURI

AEM, Inc.

11520 St. Charles Rock Road, Suite 131
Bridgeton, MO 63044

TEL: (314) 298-9900

FAX: (314) 298-8660

MONTANA

Compass Marketing

5 Triad Center, Suite 320
Salt Lake City, UT 84180
TEL: (801) 322-0391
FAX: (801) 322-0392

NEBRASKA

AEM, Inc.

4001 Shady Oak Drive
Marion, IA 52302
TEL: (319) 377-1129
FAX: (319) 377-1539

Altera Corporation
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U s sa Ies NEVADA NORTH DAKOTA
A ] Oasis Sales Corporation Cahill, Schmitz & Cahill, Inc.
. 301 E. Bethany Home Road #A135 315 N. Pierce
Representatives Proenix, Az 85012 St. Paul, MN 55104
s TEL: (602) 277-2714 TEL: (612) 646-7217
(continued) FAX: (602) 263-9352 FAX: (612) 646-4484
SierraTechnical Sales OHIO
23566 Woodhaven Place The Lyons Corporation
Auburn, CA 95602 4812 Frederick Road, Suite 101
TEL: (916) 268-3357 Dayton, OH 45414
FAX: {916) 268-0192 TEL: (513) 278-0714
FAX: (513) 278-3609
NEW HAMPSHIRE
Altera Corporation The Lyons Corporation
238 Littleton Road, Suite 204 4615 W. Streetsboro Road
Westford, MA 01886 Richfield, OH 44286
TEL: (508) 392-1100 TEL: (216) 659-9224
FAX: (508) 392-1157 FAX: (216) 659-9227
NEW JERSEY The Lyons Corporation
BGR Associates 248 N. State Street
Evesham Commons Westerville, OH 43081
525 Route 73, Suite100 TEL: (614) 895-1447
Mariton, NJ 08053 FAX: (513) 278-3609
TEL: (609) 983-1020
FAX: (609) 983-1879 OKLAHOMA
Technical Marketing, Inc.
ERA, Inc. 3320 Wiley Post Road
354 Veterans Memorial Highway Carroliton, TX 75006
Commack, NY 11725 TEL: (214) 387-3601
TEL: (516) 543-0510 FAX: (214) 387-3605
FAX: (516) 543-0758
OREGON
NEW MEXICO Phase Il Technical Sales
Nelco Electronix 4900 SW Giriffith Drive, Suite 110
3240 C Juan Tabo Bivd. NE Beaverton, OR 97005
Albuguerque, NM 87111 TEL: (503) 643-6455
TEL: (505) 293-1399 FAX: (503) 626-7442
FAX: (505) 293-1011
PENNSYLVANIA
NEW YORK BGR Associates
ERA, Inc. Evesham Commons
354 Veterans Memorial Highway 525 Route 73, Suite 100
Commack, NY 11725 Marlton, NJ 08053
TEL: (516) 543-0510 TEL: (609) 983-1020
FAX: (516) 543-0758 FAX: (609) 983-1879
Technology Sales, Inc. The Lyons Corporation
903 Hanshaw Road 248 N. State Street
Ithica, NY 14850 Westerville, OH 43081
TEL: (607) 257-7070 TEL: (614) 895-1447
FAX: (607) 257-8080 FAX: (513) 278-3609
Technology Sales, Inc. RHODE ISLAND
920 Perinton Hills Office Park Altera Corporation
Fairport, NY 14450 238 Littleton Road, Suite 204
TEL: (716) 223-7500 Westford, MA 01886
FAX: (716) 223-5526 TEL: (508) 392-1100
FAX: (508) 392-1157
NORTH CAROLINA
EnVision, Inc. SOUTH CAROLINA
5337 Trestlewood Lane EnVision, Inc.
Raleigh, NC 27610 1009 Henderson Road, Suite 400B
TEL: (919) 231-9939 Huntsville, AL 35816
FAX: (919) 231-9949 TEL: (205) 721-1788
FAX: (205) 721-1789
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Canadian Sales
Representatives

SOUTH DAKOTA

Cahill, Schmitz & Cahill, Inc.
315 North Pierce

St. Paul, MN 55104

TEL: (612) 646-7217

FAX: (612) 646-4484

TENNESSEE

EnVision, Inc.

1009 Henderson Road, Suite 400B
Huntsville, AL 35816

TEL: (205) 721-1788

FAX: (205) 721-1789

TEXAS

Technical Marketing, Inc.

3701 Executive Center Drive #205
Austin, TX 78731

TEL: (512) 343-6976

FAX: (512) 343-7986

Technical Marketing, Inc.
3320 Wiley Post Road
Carrollton, TX 75006
TEL: (214) 387-3601
FAX: (214) 387-3605

Technical Marketing, Inc.
2901 Wilcrest Drive, Suite 139
Houston, TX 77042

TEL: (713) 783-4497

FAX: (713) 783-5307

UTAH

Compass Marketing

5 Triad Center, Suite 320
Salt Lake City, UT 84180
TEL: (801) 322-0391
FAX: (801) 322-0392

VERMONT

Altera Corporation

238 Littleton Road, Suite 204
Westford, MA 01886

TEL: (508) 392-1100

FAX: (508) 392-1157

VIRGINIA

Robert Electronic Sales

5525 Twin Knolls Road, Suite 325
Columbia, MD 21045

TEL: (410) 995-1900

FAX: (410) 964-3364

WASHINGTON

Phase Il Technical Sales
550 Kirkland Way, Suite 100
Kirkland, WA 98033

TEL: (206) 828-8182

FAX: (206) 828-7472

WEST VIRGINIA

Robert Electronic Sales

5525 Twin Knolls Road, Suite 325
Columbia, MD 21045

TEL: (410) 995-1900

FAX: (410) 964-3364 S
(=]
WISCONSIN 3
Cahill, Schmitz & Cahil, Inc. ]
315 N. Pierce =3
=

St. Paul, MN 55104
TEL: (612) 646-7217
FAX: (612) 646-4484

QOasis Sales Corporation
1305 N. Barker Road
Brookfield, Wi 53005
TEL: (414) 782-6660
FAX: (414) 782-7921

WYOMING

Compass Marketing

5600 S. Quebec Street, Suite 350D
Englewood, CO 80111

TEL: (303) 721-9663

FAX: (303) 721-0195

ALBERTA

Kaytronics

6815-8th Street NE, Suite 179
Calgary, Alberta T2E 7H7
Canada

TEL: (403) 275-7000

BRITISH COLUMBIA
Kaytronics

#102-4585 Canada Way
Burnaby, BC V5G 4L6
Canada

TEL: (604) 294-2000

ONTARIO

Kaytronics

405 Britannia Road E #206
Mississauga, Ontario L4Z 3E6
Canada

TEL: (416) 507-6400

ONTARIO (continued)

Kaytronics

5935 Airport Road #200
Mississauga, Ontario L4V 1W5
Canada

TEL: (416) 612-9200

QUEBEC

Kaytronics

5800 Thimens Boulevard

Vilie St. Laurent, Quebec H4S 1S5
Canada

TEL: (514) 745-5800

Altera Corporation
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H ARGENTINA FINLAND
I“ternatl ona I YEL S.R.L. Yleiselektroniikka Oy
- - Virrey Cevallos 143 P.O. Box 73
D 1 strl buto IS 1077 Buenos Aires Luomannotko 6
Argentina SF-02201 Espoo
TEL: (54) 1-372-7140 Finland
TLX: (390) 18605 (YEL AR) TEL: (358) 0-452-621
FAX: (54) 1-476-2551 TLX: (857) 123212 (YLEQY SF)
FAX: (358) 0-452-62231
AUSTRALIA
Veltek Pty. Ltd. FRANCE
18 Harker St. Tekelec Airtronic SA
Burwood, Victoria 3125 Cité des Bruyéres
Australia Rue-Carle Vernet
TEL: (61) 3-808-7511 92310 Sévres
FAX: (61) 3-808-5473 France
TEL: (33) 146232425
AUSTRIA TLX: (842) 634018 (TKLEC A F)
Transistor Hitronik Vertriebs GmbH FAX: (33) 14507 21 91
GudrunstraBe 184/2/2
A-1100 Wien GERMANY
Austria Avnet E2000 Vertriebs AG
TEL: (43) 601 290 Stahlgruberring 12
TLX: (847) 134404 (HIT) D-81829 Miinchen
FAX: (43) 601 2950 Germany
TEL: (49) 89/45110-01
BELGIUM TLX: (841) 522561 (ELEC D)
D&D Electronics FAX: (49) 89/45110-129
Vlle Olympiadelaan 93
B-2020 Antwerpen SASCO GmbH
Belgium Hermann-Oberth-Str. 16
TEL: (32) 3-827-7934 D-85640 Putzbrunn
TLX: (846) 73121 (DDELEC BU) Germany
FAX: (32) 3-828-7254 TEL: (49) 89/46110
FAX: (49) 89/4611270
BRAZIL
Uniao Digital Ltda. GREECE
Rua Georgia 69 Micronics Limited
04559-010 46 Kritis Street
Sao Paulo - SP 16451-Argyroupolis
Brazil Athens
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Beijing 100015 6 Wang Kwun Road
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Titangade 15 Sritech Information Technology Ltd.
DK-2200 Koebenhavn N 744/51, 2nd Floor, Chintal Plaza
Denmark 33rd Cross, 10th Main
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TLX: (855) 16522 (EVICAS DK) Bangalore 560 011
FAX: (45) 318392 22 India
TEL: (91) 80-640-661
TLX: (953) 08458162 (SRIS IN)
FAX: (91) 80-633-508
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NORWAY

N.C. ScandComp Norway A/S
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0753 Oslo 7

Norway

TEL: (47) 2-500650

TLX: (856) 77144 (ELTRO N)
FAX: (47) 2-502777
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Serial System Pte. Ltd.
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Standard Industrial Building #06-00
Singapore 1336
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. SWITZERLAND (continued) THAILAND
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FAX: (886) 2-586-4736 FAX: (44) 844 261681
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Active Parallel Down (APD) A configuration
scheme in which a byte-wide parallel PROM
loads the design data into a FLEX 8000 device.
The FLEX 8000 device first generates an address;
the PROM subsequently returns the next byte of
data. Addresses are generated by the FLEX 8000
device sequentially in descending order (3FFFFh
to 00000h). MAX+PLUS II can generate
Hexadecimal (Intel-Format) Files (.hex) that
contain the data for configuring FLEX 8000
devices in an APD configuration scheme.

Active Parallel Up (APU) A configuration scheme
in which a byte-wide parallel PROM loads the
design data into a FLEX 8000 device. The
FLEX 8000 device first generates an address; the
PROM subsequently returns the next byte of data.
Addresses are generated by the FLEX 8000 device
sequentially in ascending order (00000h to
3FFFFh). MAX+PLUS II can generate
Hexadecimal (Intel-Format) Files (.hex) that
contain the data for configuring FLEX 8000
devices in an APU configuration scheme.

Active Serial (AS) A configuration scheme in
which a serial EPROM loads the design data into
a FLEX 8000 device. The MAX+PLUSII Compiler
automatically generates a Programmer Object
File (.pof) for programming serial EPROM
devices, e.g., the EPC1213 Configuration EPROM,
whenever a FLEX 8000 project is compiled.

Altera Hardware Description Language (AHDL)
Altera’s design entry language. AHDL is
completely integrated into MAX+PLUSI, and
allows the designer to enter and edit Text Design
Files (.tdf) with the MAX+PLUS II Text Editor or
any standard text editor, then compile, simulate,

and program projects within MAX+PLUS IL
AHDL supports Boolean equation, state machine,
conditional, and decode logic. AHDL also
provides access to all Altera macrofunctions.

array Clock A Clock signal that passes through
the logic array of a device before arriving at the
Clock input of a register.

Assembler The Compiler module that creates one
or more Programmer Object Files (.pof), SRAM
Object Files (.sof), and optional JEDEC Files (.jed)
for programming Altera devices.

authorization code A code that enables
MAX+PLUSII applications and features. This
code, provided by Altera, is shown on the Altera

Registration card shipped with new
MAX+PLUS II systems.
c

Carry Chain option A FLEX 8000 logic synthesis
option that controls the use of carry chain logic.
When this option is set to AUTO, it directs the
Compiler’s Logic Synthesizer module to insert
carry chain logic—i.e., insert CARRY buffers—
wherever it is useful. When defining a logic
synthesis style, designers can specify the
maximum allowable length of a chain of these
synthesized CARRY buffers. The AUTO setting does
not force the Logic Synthesizer to use carry logic
and has no effect on CARRY primitives that have
been entered in design files.

When the Carry Chain option is set to IGNORE, it
directs the Logic Synthesizer to ignore CARRY
bulffers thathave been entered manually in design
files. When this option is set to MANUAL, the Logic
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Synthesizer uses only the CARRY primitives that
have been manually entered in design files.

Cascade Chain option A FLEX 8000 logic synthesis
option that controls the use of cascade chain
logic. When this option is set to AUTO, it directs
the Compiler’s Logic Synthesizer module to insert
cascade logic—i.e., insert CASCADE buffers—
wherever it is useful. When defining a logic
synthesis style, designers can specify the
maximum allowable length of a chain of these
synthesized CASCADE buffers. The AUTO setting
does not force the Logic Synthesizer to use
cascade logic and has no effect on CASCADE
primitives that have been entered in design files.

When the Cascade Chain option is set to IGNORE,
it directs the Logic Synthesizer to ignore CASCADE
buffers that have been entered manually in design
files. When this option is set to MANUAL, the Logic
Synthesizer uses only the CASCADE primitives
that have been manually entered in design files.

GerDIP Ceramic Dual In-Line Package. A device
package offered by Altera. See Altera Device
Package Outlines and Ordering Information for more
information.

Classic An Altera device family based on Altera’s
original EPLD architecture. This EEPROM- and
EPROM-based family includes EP330, EP610,
EP610A, EP910, EP910A, and EP1810 devices.

Compiler Netlist Extractor The MAX+PLUS II
Compiler module that creates Compiler Netlist
Files (.cnf), Hierarchy Interconnect Files.(.hif),
and Symbol Files (.sym) from the design files for
a project. This module includes built-in EDIF
and Xilinx Netlist Readers that convert EDIF
Netlist Files (.edf) and Xilinx Netlist Format Files
(.xnf) created with industry-standard CAE
software. The Compiler Netlist Extractor also
checks each design file in a project for problems
such as duplicate node names, missing inputs
and outputs, and outputs that are tied together.

Configuration EPROM A serial EPROM supplied
by Altera for configuring FLEX 8000 devices.

configuration scheme The method used to load
data into a FLEX 8000 device. Six configuration
schemes are available:

Active Serial (AS)

Active Parallel Up (APU)

Active Parallel Down (APD)

Passive Parallel Asynchronous (PPA)
Passive Parallel Synchronous (PPS)
Passive Serial (PS)

For complete information on FLEX 8000
configuration schemes, see Application Brief 33
(Configuring FLEX 8000 Devices).

continuity checking A test for open circuits
between device pins and programming adapter
sockets. This test verifies that a device is properly
seated in the socket of the adapter.

COFP Ceramic Quad FlatPack. A device package
offered by Altera. See Altera Device Package
Outlines and Ordering Information for more
information.

D

Database Builder The MAX+PLUS II Compiler
module that builds a single, fully flattened
database that integrates all files in a project
hierarchy. It also examines the logical
completeness and consistency of the project and
checks for boundary connectivity and syntactical
errors.

dedicated input pin A pin that may only be used
as an input to the device.

device An Altera programmable logic device,
including Classic, MAX 5000/ EPS464, MAX 7000,
FLEX 8000, EPS448, EPB2001, and Configuration
EPROM devices.

device family A group of Altera programmable
logic devices with the same fundamental
architecture. Altera device families are the Classic,
MAX 5000/EPS464, MAX 7000, FLEX 8000, and
Configuration EPROM families.
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EDIF Electronic Design Interchange Format. An
industry-standard format for transmitting design
data. AN EDIF 2 0 0 or 2 9 0 netlist filke is
generated from a schematic design ora VHDL or
Verilog design that has been processed with an
industry-standard synthesis tool. The netlist file
is then imported into MAX+PLUS II as an EDIF
Input File (.edf). The MAX+PLUS II Compiler
can generated one or more EDIF Output Files
(.edo) in EDIF 2 0 0 or 2 9 0 format that contain
functional and timing information for simulation
with a standard EDIF simulator.

EEPROM Electrically Erasable Programmable
Read-Only Memory. A form of reprogrammable
semiconductor memory in which the contents
can be erased by subjecting the device to
appropriate electrical signals.

EPLD Erasable Programmable Logic Device, i.e.,
an Altera device that is a member of the Classic,
MAX 5000/EPS464, or MAX 7000 family.

EPROM Erasable Programmable Read-Only
Memory. A form of reprogrammable semi-
conductor memory whose contents can be erased
by subjecting the device to ultraviolet light of the
proper wavelength. See Operating Requirements
for Altera Devices and Technology & Reliability for
more information.

expander productterm A single product term with
an inverted output that feeds back into the Logic
Array Block (LAB) of a MAX 5000/EPS464 or
MAX 7000 device. An uncommitted expander
product term that can be shared with other logic
cells in the same LAB is called a shareable
expander; a product term that has been shared in
this manner is called a shared expander. In MAX
7000 devices only, an expander product term
borrowed from an adjacent logic cell in the same
LAB is called a parallel expander.

external timing parameters Factory-tested,
guaranteed worst-case values. Examples: tppy,
tcor font- In FLEX 8000 device data sheets,

external timing parameters are listed under
“External Reference Timing Characteristics.”

extractiontool A tool to extract QFP devices from
QFP carriers. Two extraction tools are available
from Altera: one for 100-pin QFPs and one for
160- and 208-pin QFPs.

F

family-specific macrofunction An Altera-provided
macrofunction that contains logic optimized for
the architecture of a specific device family. The
functionality of a family-specific macrofunction
is always the same, regardless of the device family
for which it is designed. However, primitives
and nodes used within the macrofunction file
can vary from family to family to take advantage
of different device architectures, providing higher
performance and more efficientimplementation.

FastTrack Interconnect Dedicated connection
paths that span the entire width and height of a
FLEX 8000 device. These connection paths allow
signals to travel between all Logic Array Blocks
(LABs) in a device.

Fitter The MAX+PLUS II Compiler module that
fits a project into one or more devices. The Fitter
selects appropriate interconnection paths, and
pin and logic cell assignments. It also creates a
Report File (.rpt) and Fit File (.fit) for the project.

FLEX Download Cable A cable used to download
SRAM Object File (.sof) data in a passive serial
(PS) configuration scheme to a FLEX 8000 device
in an in-system circuit. FLEX 8000 devices can be
configured with the FLEX Download Cable to
allow functional testing and prototyping on the
circuit board.

FLEX 8000 An Altera device family based on
Flexible Logic Element MatriX architecture. This
SRAM-based family offers high-performance,
register-intensive, high-gate-count devices. The
family includes the EPF8282, EPF8282V, EPF8452,
EPF8820, EPF81188, and EPF81500 devices.
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flipllop or register An edge-triggered, clocked
storage unit that stores a single bit of data. A
low-to-high transition on the Clock signal changes
the output of the flipflop, based on the value of
the data input(s). This value is maintained until
the next low-to-high transition of the Clock, or
until the flipflop is preset or cleared. Depending
on the architecture of the device family, a register
can be programmed as a level-sensitive flow-
through latch or as an edge-triggered D, T, JK, or
SR flipflop.

functional simulation A MAX+PLUSII Simulator
mode that uses a functional Simulator Netlist
File (.snf) to simulate the logical performance of
a project without timing information.

Functional SNF Extractor The MAX+PLUS II
Compiler module that creates the functional
Simulator Netlist File (.snf) required for
functional simulation.

G

global Clear A signal from a dedicated input pin
that does not pass through the logic array before
arriving at the Clear input of a register. In
FLEX 8000 devices, a global Clear can come from
any of the dedicated inputs. MAX 7000 devices
have input pins that can be used either as global
Clear sources or dedicated inputs to the device.

global Clock A signal from a dedicated input pin
that does not pass through the logic array before
arriving at the Clock input of a register. In
FLEX 8000 devices, a global Clock can come from
any of the four dedicated input pins. MAX 7000,
MAX 5000, EPS464, and EP1810 devices have
input pins that can be used either as global Clock
soutrces or dedicated inputs to the device. EP910,
EP910A, EP610, EP610A, and EP330 devices have
dedicated Clock iput pins.

H

Hexadecimal (Intel-Format) File (.hex) A
hexadecimal file that supports the Active Parallel

Up (APU) and Active Parallel Down (APD)
configuration schemes for FLEX 8000 devices.

interconnect timing parameters Internal timing
parameters for the interconnect in FLEX 8000
devices.

internal timing parameters Worst-case delays
based on external timing parameters. Internal
timing parameters cannot be measured explicitly,
and should be used only for estimating device
performance. Post-compilation timing simulation
or timing analysis is required to determine actual
worst-case performance. Examples: t; 4p, tcgeny
tcrr- In FLEX 8000 device data sheets, internal
timing parameters are listed under “Internal
Timing Characteristics.”

J

JEDEC File (.jed) An ASCII file that contains
programming information. JEDEC Files provide
an industry-standard format for transferring
information between a data preparation system
and a logic device programmer. The
MAX+PLUS II Programmer can optionally save
programming data in JEDEC File format and use
a JEDEC File to program the following Altera
devices: EP330, EP610, EP610A, EP910, EP910A,
EP1810, EPM5016, and EPM5032 devices.

The Programmer can also use JEDEC Files
generated by A+PLUS software to program
Classic devices.

JLEC Ceramic J-Lead Chip Carrier. A device
package offered by Altera. See Altera Device
Package Outlines and Ordering Information for more
information.

JTAG Joint Test Action Group. A set of
specifications that enables board- and chip-level
functional verification of a board during
production.
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library of parameterized modules (LPM) A
technology-independent library of logic
functions. The LPM standard is built upon and
follows the syntax of the EDIF 2 0 0 standard.
Parameterized modules from the LPM support
architecture-independent design entry for Altera
Classic, MAX 5000/ EPS464, MAX 7000, and FLEX
8000 devices. The MAX+PLUS I Compiler’s EDIF
Netlist Reader module includes built-in
compilation support for many parameterized
modules in the LPM.

linked simulation A MAX+PLUS II Simulator
mode that uses a linked Simulator Netlist File
(.snf) to simulate the logical performance of a
project consisting of multiple, linked individual
projects. A linked simulation uses the timing
and/or functional netlist information from the
combined SNFs of these individual projects.

Linked SNF Extractor The MAX+PLUSI Compiler
module that creates the linked Simulator Netlist
File (.snf) required for multi-project simulation.

Logic Array Block (LAB) A physically grouped set
of logic resources in an Altera device. The LAB
consists of a logic cell array and, in some device
families, an expander product term array. Any
signal that is available to any one logic cell in the
LAB is available to the entire LAB. In Classic
devices, the logic in the LAB shares a global
Clock signal. The LAB is fed by a global bus and
a dedicated input bus. (In the EP1810 Data Sheet,
a LAB is called a quadrant.) In MAX 5000 and
MAX 7000 devices, the LAB is fed by a
Programmable Interconnect Array (PIA) and a
dedicated input bus; in FLEX 8000 devices, the
LAB is fed by row interconnect paths and a
dedicated input bus.

logic cell The generic term for a basic building
block of an Altera general-purpose logic device.
In EPLDs (Classic, MAX 5000/EPS464, and
MAX 7000 devices), the logic cell is called a
macrocell. In FLEX 8000 devices, the logic cell is
called a logic element.

logic element (LE) A basic building block of an
Altera FLEX 8000 device. A logic element consists
of a look-up table (LUT)—i.e., a function
generator that quickly computes any function of
four variables—and a programmable register to
support sequential functions. The register can be
programmed to emulate a flow-through latch; a
D, T, JK, or SR flipflop; or it can be bypassed
entirely for pure combinatoriallogic. The register
can feed other logic elements or feed back to the
logic element itself. Some logic elements feed
output or bidirectional I/O pins on the device.

Logic elements have “numbers” of the format
LC<number>_<LAB name>, where <number>
ranges from 1 to 8 and <LAB name> consists of
the row letter and column number of the Logic
Array Block (LAB).

logic element timing parameters Internal timing
parameters for the logic elements in FLEX 8000
devices.

Logic Programmer card The LP4, LP5, or LP6
expansion card required to run the MAX+PLUS I
Programmer and program Altera devices.

Logic Synthesizer The Compiler module that uses
several algorithms to minimize gate count,
remove redundant logic, and utilize the device
architecture as efficiently as possible.

look-up table (LUT) A function that generates
outputs based onvinputs and a set of stored data.
The logic element of FLEX 8000 devices includes
a four-input LUT that can be configured to
emulate any logical function of four inputs.

macrocell A basic building block in Altera
Classic, MAX 5000/EPS464, and MAX 7000
devices. A macrocell consists of two parts:
combinatorial logic and a configurable register.
The combinatorial logic allows a wide variety of
logic functions. Depending on the architecture of
the device family, the register can be programmed
to emulate a flow-through latch; a D, T, JK, or SR
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flipflop; or it can be bypassed entirely for pure
combinatorial logic. The register can feed other
macrocells or feed back to the macrocell itself.
Some macrocells feed output or bidirectional
I/0O pins on the device. Macrocells have numbers
of the format LC<number>.

Master Programming Unit (MPU) A logic device
programming box. The MPU works with zero-
insertion-force sockets and individual adapters
to program and test Altera devices. The PL-MPU
base unit and adapters with the prefix “PLM”
support both device programming and device
testing. The PLE3-12A unit and other adapters
(e.g., adapters with the prefix “PLE” and the
PLAD3-12 adapter) support device programming
only.

MAX5000/EPS464 An Altera device family based
on the first generation of Multiple Array MatriX
architecture. This EPROM-based device family
includes EPM5016, EPM5032, EPM5064, EPS464,
EPM5128, EPM5128A, EPM5130, EPM5192, and
EPM5192A devices.

MAX 7000 An Altera device family based on the
second generation of Multiple Array MatriX
architecture. These EPROM- and EEPROM-based
devices include EPM7032, EPM7032V, EPM7064,
EPM7096, EPM7128, EPM7160, EPM7192, and
EPM7256 devices.

MAX+PLUS Il Altera’s Multiple Array MatriX
Programmable Logic User System. MAX+PLUS II
is a set of computer programs and hardware
support products that allow design and
implementation of custom logic circuits with
Classic, MAX 5000/EPS464, MAX 7000, and
FLEX 8000 devices.

MPLD Mask-Programmed Logic Device, i.e., a
custom Altera device created by converting a
design originally created for an EPLD or
FLEX 8000 device. Altera offers a program for
converting customer designs into MPLDs, which
are cost-effective alternatives for high-volume
production.

MOFP Metal Quad Flat Pack. A device package
offered by Altera. See Altera Device Package
Qutlines and Ordering Information for more
information.

P

parallel expander An expander product term that
is borrowed from an adjacent logic cell in the
same MAX 7000 Logic Array Block (LAB). Parallel
Expanders is also a logic option that can be
applied to a logic function to allow it to borrow
such parallel expanders. This option can reduce
the number of expander product terms required
in a project and increase the speed of the project.
However, the project may use additional logic
cells, and may be more difficult to fit.

Passive Parallel Asynchronous (PPA) A
configuration scheme in which a CPU loads the
FLEX 8000 device via a common data bus. This
configuration scheme is used for a system in
which multiple devices require initialization. In
this scheme, the FLEX 8000 device accepts a
parallel byte of input data, and then serializes
thatbyte using its internal synchronization Clock.
Intelligent handshaking between the CPU and
the FLEX 8000 device allows the CPU to configure
multiple FLEX 8000 devices simultaneously.
MAX+PLUS II can generate Tabular Text Files
(.ttf) that contain the data for configuring
FLEX 8000 devices in an PPA configuration
scheme.

Passive Parallel Synchronous (PPS) A
configuration scheme in which a CPU loads the
FLEX 8000 device via a common data bus. Data
is latched by the FLEX 8000 device on the first
rising edge of a CPU-driven Clock signal. The
next eight Clock pulses serialize this latched data
within the FLEX 8000 device. The tenth rising
edge of the Clock signal causes the FLEX 8000 to
latch the next 8-bit byte of data. MAX+PLUS II
can generate Tabular Text Files (.ttf) that contain
the data for configuring FLEX 8000 devices in a
PPS configuration scheme.

| Page 544

Altera Corporatim




Glossarﬂ

Passive Serial (PS) A configuration scheme in
which an external controller is used to configure
a FLEX 8000 device with a serial bit-stream. The
external controller can be the MAX+PLUS II
Programmer or an intelligent host, such as a
microcontroller or a CPU.

PDIP Plastic Dual In-Line Package. A device
package offered by Altera. See Altera Device
Package Outlines and Ordering Information for more
information.

peripheral register A register that exists on the
periphery of a FLEX 8000 device. Peripheral
Register is also a logic option that specifies that a
register should be implemented in a peripheral
register.

PGA Ceramic Pin-Grid Array. A device package
offered by Altera. See Altera Device Package
Outlines and Ordering Information for more
information.

PLAD3-12 An adapter that plugs into the Master
Programming Unit (MPU). It allows the designer
to use adapters with the prefix “PLE” designed
for use with the PLE3-12A programming unit. It
also directly supports programming of EP330
devices in DIP packages.

PLCC Plastic J-Lead Chip Carrier. A device
package offered by Altera. See Altera Device
Package Outlines and Ordering Information for more
information.

Programmable Interconnect Array (PIA) The portion
of a MAX 5000 or MAX 7000 device that routes
signals between different Logic Array Blocks
(LABs).

Programmer Object File (.pof) A binary file
generated by the Compiler’s Assembler module.
It contains the data used by the MAX+PLUSII
Programmer to program an Altera device.

PQFP Plastic Quad Flat Pack. A device package
offered by Altera. See Altera Device Package

Outlines and Ordering Information for more
information.

product tetm Two or more factors in a Boolean
expression combined with an AND operator
constitute a product term, where “product”
means “logic product.”

programming file A file containing data for
programming Altera devices. Both the
MAX+PLUS II Compiler and Programmer can
generate programming files. The following
programming file formats are available in
MAX+PLUS II:

Hexadecimal (Intel-Format) File (.hex)
JEDEC File (.jed)

Programmer Object File (.pof)

SRAM Object File (.sof)

Tabular Text File (.ttf)

POFs, SOFs, and JEDEC Files are used to program
devices with the MAX+PLUS Il Programmer. Hex
files and TTFs are used to configure FLEX 8000
devices by other means. JEDEC Files generated
by A+PLUS software can also be used to program
Classic devices. The Programmer can save data
read from an examined device in POF or JEDEC
File format.

project A project consists of all files that are
associated with a particular design, including all
subdesign files and related ancillary files created
by the user or by MAX+PLUSII software. The
project name is the same as the name of the top-
level design file in the project. MAX+PLUSII
performs compilation, simulation, timing
analysis, and programming on only one project
at a time.

R

removal tool A tool to remove a QFP device in a
carrier from a development socket. Two removal
tools are available from Altera: one for 100-pin
QFPs and one for 160- and 208-pin QFPs.

I Altera Corporation

Page 545

D
=]
7
%]
Y
=
-




l Glossary

l

RAFP Power Quad Flat Pack. A device package
offered by Altera. See Altera Device Package
Outlines and Ordering Information for more
information.

S

SAM+PLUS Altera’s Stand-Alone Micro-
sequencer (SAM) Programmable Logic User
System. SAM+PLUS is a set of computer
programs and hardware support products that
facilitate design and implementation of custom
logic circuits with the EPS448 device.

Security Bit A bit that prevents an Altera device
from being interrogated or inadvertently
reprogrammed. It can be turned on or off for
each device in a project, or for the entire project.

shared expanders and shareabie expanders A
feature of MAX 5000/EPS464 and MAX 7000
device architecture that allows logic cells to use
uncommitted product terms within the same
Logic Array Block (LAB). A product term that
canbe shared in this manner is called a shareable
expander; a product term that is shared in this
manner is called a shared expander. The
MAX+PLUS II Compiler automatically allocates
shareable expanders when a project is compiled.
A shared expander can be allocated with an EXP
primitive.

software guard A device that attaches to the
parallel printer port on a computer. It is required
to run MAX+PLUS II software.

SOIC Plastic Small-Outline Integrated Circuit. A
device package offered by Altera. See Altera Device
Package Outlines and Ordering Information for more
information.

SRAM Static Read-Only Memory. A read-write
memory that stores data in integrated flipflops.
See Technology & Reliability for more information.

SRAM Object File (.sof) A binary file, generated
by MAX+PLUS II, that contains the data for

configuring an Altera FLEX 8000 device via the
FLEX Download Cable.

T

Tabular Text File (.ttf) An ASCII text file in tabular
format that supports the Passive Parallel
Synchronous (PPS) and Passive Parallel
Asynchronous (PPA) configuration schemes for
configuring FLEX 8000 devices.

timing simulation A MAX+PLUS II Simulator
mode that uses a timing Simulator Netlist File
(.snf) to simulate the logical and timing
performance of a project. Since the timing SNF is
generated after logic synthesis, partitioning, and
fitting are performed, only the nodes that have
not been removed by logic optimization are
simulated.

Timing SNF Extractor The Compiler module that
creates the timing Simulator Netlist File (.snf),
which contains the functional and timing data
for the fully optimized project. This file is used
for timing simulation and timing analysis. The
Compiler’s EDIF Netlist Writer module also uses
timing SNFs to generate EDIF Output Files (.edo).

TAFP Thin Quad Flat Pack. A device package
offered by Altera. See Altera Device Package
Outlines and Ordering Information for more
information.

Turbo Bit A control bit for choosing speed and
power characteristics of Altera Classic and
MAX 7000 devices. If the Turbo Bit is on, the
speed increases; if it is off, the power consumed
decreases. The Turbo Bit may be turned on or off
ina design file or the Compiler. In Classic devices,
the Turbo Bit applies to the entire device. In
MAX 7000 devices, it applies to individual logic
cells within a device. The Turbo Bit is not available
in MAX 5000/EPS464 and FLEX 8000 devices.
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user /0 The total number of I/O pins and
dedicated inputs on a device.

v

Verilog A hardware description language from
Cadence. You can generate an EDIF2000r290
netlist file from a Verilog design that has been
processed with a Verilog synthesis tool, then
import the file into MAX+PLUS II as an EDIF
Input File (.edf). The MAX+PLUS II Compiler
can also generate a Verilog Output File (.vo) that
contains functional and timing information for
simulation with a standard Verilog simulator.

VHDL Very High Speed Integrated Circuit
(VHSIC) Hardware Description Language. You
can generate an EDIF 2 0 0 or 29 0 netlist file from
a VHDL design that has been processed with a
VHDL synthesis tool, then import the file into
MAX+PLUS I as an EDIF Input File (.edf). The
MAX+PLUS II Compiler can also generate a
VHDL Output File (.vho) that contains functional
and timing information for simulation with a
standard VHDL simulator.
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Symbols

3.3-V devices
EPF8282V 29, 43,313
EPM7032V 69, 303
general description 301
selection guide 22

A

AADELAY 460

AAMAX 460

ABEL 460

ABEL-FPGA 460

AC timing characteristics. See timing
parameters

Accel Technologies, Inc. 460

ACCESS alliance 16, 459

ACEPlus 460

active parallel up & down (APU & APD)
configuration schemes. See configuration
(FLEX 8000 devices)

active serial (AS) configuration scheme. See
configuration (FLEX 8000 devices)

Acugen Software, Inc. 460

adapters. See programming hardware

AdvanSIM-1076 460

Advantech 463

Advin Systems, Inc. 463

AHDL 440

Aldec, Inc. 460

Altera Hardware Description Language
(AHDL) 440

Altera Stand-Alone Programmer
(PL-ASAP2) 454,456

Altera State Machine Input Language
(ASMILE) 322

Ando Electric Co. Ltd. 463

APD configuration scheme. See configuration
(FLEX 8000 devices)

Applications Department, technical
support 529

APU configuration scheme. See configuration
(FLEX 8000 devices)

architecture. See device architecture

arithmetic mode (FLEX 8000 logic element) 37

array Clock signals 74,78, 153, 239

array control signals 11

AS configuration scheme. See configuration
(FLEX 8000 devices)

ASM 323,329,334

ASMILE 322

Assembly Language (ASM) 323, 329, 334

ATGEN 460

AutoLogic 461

Aval Data Corp. 463

B&C Microsystems, Inc. 463

BBS 529

boundary-scan test. See JTAG Boundary-Scan
Test

BP Microsystems 463

branch-control logic block 325

branching, multiway 333

bulletin board service (BBS) 529

buried flipflops 13

BYPASS (JTAG instruction) 43

Bytek Corporation 463

c

Cadat 461

Cadence Design Systems, Inc. 460
CAE hardware support 463

CAE software support 459

carry chain 32, 33, 36

cascade chain 32, 33, 35, 36
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cascading (SAM devices)
horizontal 329
vertical 329
Celectronic GmbH 463
Classic devices
architecture 5, 236
CAE software support 459
EP330 235, 245, 393, 423
EP610 235, 249, 424
EP610 MIL-STD-883-compliant 265
EP610A 235,257,424
EP610T 235, 261
EP910 235, 269, 425
EP910A 235, 275, 425
EP910T 235,279
EP1810 235, 283, 426
EP1810 MIL-STD-883-compliant 295
EP1810T 235,291
functional testing 243
general description 235
ordering information 521
package outlines 489
pin-out information 245, 249, 257, 261,
265, 269, 275, 279, 283, 290, 291, 298
programming 244
programming hardware 453
reliability 467
Security Bit 240
selection guide 21
timing model 241, 423
timing parameters 419, 421
Turbo Bit 237,240
Clear signals
Classic devices 237
EPS464 devices 223
FLEX 8000 I/0 elements 42
FLEX 8000 logic elements 36, 38, 40
MAX 5000 devices 154
MAX 7000 devices 73
timing parameter definition 420
clearable counter mode (FLEX 8000 logic
element) 37
CLKUSR pin (FLEX 8000 devices) 411
Clock signals
Classic devices 237, 238, 239
EPS464 devices 223
FLEX 80001/0 elements 42

Clock signals (continued)
FLEX 8000 logic elements 36,40
MAX 5000 devices 154
MAX 7000 devices 73, 306
timing delay parameters 420, 422
timing parameter definition 422
combinatorial logic
general description 10
timing delay parameters 421
Command File (.cmd) 445
command mode (FLEX 8000 devices) 383
compilation. See design processing
Compiler MAX+PLUSII) 443
component selection guide 17
Composer 460
Concept 460
CONF_DONE pin (FLEX 8000 devices) 410
configuration (FLEX 8000 devices). See also
Configuration EPROM devices
active parallel up & down (APU &
APD) 390, 412
active serial (AS) 343, 387,412
compatible Configuration EPROMs 342
configuration files 411, 415
configuration option bits 405
configuration pins 407
general description 383, 384
in-circuit reconfiguration 404, 415, 416
in-system configuration with FLEX
Download Cable 414
passive parallel asynchronous (PPA) 396,
413
passive parallel synchronous (PPS) 394,
413
passive serial (PS) 400, 413
real-time reconfiguration 386
reliability 417
source of data 384
Configuration EPROM devices
architecture 342
configuring FLEX 8000 devices 343, 387
EPC1064 341,347
EPC1213 341, 347
ordering information 521
overview 341
package outlines 489
packages 341
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Configuration EPROM devices (continued)
pin-out information 341
programming 412,414
programming hardware 453
selection guide 18

CORE Solution 460

Cornelius Consult 463

CRC circuitry 417

CUPL 461

customer training 529

cyclic redundancy check (CRC) circuitry 417

Data I/O Corp. 460, 463
DC/Expert 461
DC/Pro 461
De Morgan’s inversion 11
dedicated global Clocks 12
dedicated input pins
Classic devices 237
EPS464 devices 220, 223
FLEX 8000 devices 41
MAX 5000 devices 152
MAX 7000 devices 71
SAM devices 327
DESC 352
Design Architect 461
Design Doctor MAX+PLUSII) 443
design entry
Altera Hardware Description Language
(AHDL) 440
Altera State Machine Input Language
(ASMILE) 322
Assembly Language (ASM) 323, 329, 334
CAE software support 441, 459
hierarchical 442
schematic capture 439
symbol generation 439
waveform design entry 440
design evaluations 530
design processing
CAE software support 459
design-rule checking 443
error location 442
industry-standard output formats 444
logic synthesis & fitting 443

design processing (continued)
multi-device partitioning 443
programming file generation 444
SAM+PLUS 322

design security 78

design verification
CAE software support 459
SAM+PLUS 322
simulation 444
timing analysis 446

development tools
CAE software support 459
MAX+PLUSII 437
SAM+PLUS 322

device adapters 524

device architecture
Classic 237
Configuration EPROM 342
EPS464 5,222
FLEX 8000 6,31
general description 4, 6,9
MAX 5000 5,152
MAX7000 6,71
SAM 323

device configuration. See configuration

(FLEX 8000 devices)

device erasure 468

device packages
Classic devices 236
Configuration EPROM devices 341
density & pin count range 4
EPS464 devices 150
FLEX 8000 devices 29
MAX 5000 devices 150
MAX 7000 devices 70
ordering information 521
package outlines 489
QFP carrier & development sockets 527
SAM devices 321

device programming
CAE hardware support 463
MAX+PLUSII 446
programming hardware 453
SAM+PLUS 322

device selection guide 17

distributors, sales 532

DLAB 460
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E

EDIF200 & 29 0support 441
EEPROM cells 71, 469
Elan Digital Systems Limited, UK. 463
electronic bulletin board service (BBS) 529
Enable signal, timing parameter
definition 420
EPCxxxx. See Configuration EPROM devices
EPFxxxx. See FLEX 8000 devices
EPLDs. See Erasable Programmable Logic
Devices (EPLDs)
EPMb5xxx devices. See MAX 5000 devices
EPM7xxx devices. See MAX 7000 devices
EPROM cells 71,467
EPS448 devices. See SAM devices
EPS464 devices
architecture 5,222
CAE software support 459
development tools 227
general description 219
ordering information 521
package outlines 489
packages 150
reliability 467
Security Bit 224
selection guide 20
timing model 224
timing parameter definition 419, 421
EPxxxx devices. See Classic devices
Erasable Programmable Logic Devices
(EPLDs) 9,10, 12, 13. See also Classic
devices; EPS464 devices; MAX 5000 devices;
MAX 7000 devices; Micro Channel devices;
SAM devices
ertec GmbH 463
evaluations, design 530
Exemplar Logic, Inc. 460
EXTEST (JTAG instruction) 43
extraction tool 485

F

FastTrack Interconnect 15, 32, 40, 46
feedback

dualI/O 13,77,156

selection 240

timing parameter definition 421

fitting. See MAX+PLUS II: design processing
FLEX 8000 devices
architecture 4, 6,13,15,31
CAE software support 459
configuration. See configuration
(FLEX 8000 devices)
development tools 62
EPF8282 29,43, 58, 63
EPF8282V  29,43,313
EPF8452 29,56, 63
EPF8820 29,43, 54
EPF81188 29, 50, 52
EPF81500 29, 43
general description 30
Icc calculations 60
MPLD conversion 357
ordering information 521
package outlines 489
packages 29
pin-out information 63
programming hardware 453
reliability 417, 467
selection guide 18
timing model 46
flipflops 12,13
floating node licenses 523
Flynn Systems Corp. 460
Fowler-Nordheim tunneling 469
FPGA Compiler 461
FS-High Density 460
FS-PALibrary 460
functional simulation 322, 445
functional testing. See testing
FutureNet 460

G

generic testing. See testing

GenRad 460

global Clock signals 12, 74, 80, 154

global program length counter (FLEX 8000
devices) 388
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global signals

Classic devices 239

FLEX 8000 40,41

MAX 5000 devices 152

MAX 7000 devices 71

timing parameter definition 420, 422
Graphic Editor MAX+PLUSTII) 439

H

HAMIS Haase, Menrad & Co. GmbH 463

hardware requirements (MAX+PLUSII) 448

Hexadecimal (Intel-Format) File (hex) 411,
412, 415, 446

Hi/Lo Systems/Tribal Microsystems 464

Hilo 460

hold time, timing parameter definition 421,
422

horizontal cascading (SAM devices) 329

HP workstations 448

1/0 control block 13, 77, 156, 224
1/0 element (IOE)
FLEX 8000 31,41
FLEX 8000 JTAG 44
ICE Technical Ltd. 463
in-circuit reconfiguration (FLEX 8000
devices) 404,415,416
initialization (FLEX 8000 devices). See
configuration (FLEX 8000 devices)
Instronic Peripherals & Systems 463
Intergraph Corp. 460
IOE. Seel/O element
ISDATA GmbH 460

J

JEDEC File (.jed) 446
JTAG Boundary-Scan Test 43

L

LAB. See Logic Array Block (LAB)
latches, timing delay parameters 421
LE. Seelogic element

Leap Electronic Co. Ltd. 463

Leapfrog 460
library of parameterized modules (LPM)
support 441
Link Computer Graphics, Inc. 463
LOG/ic 460
Logic Array Block (LAB)
FLEX 8000 devices 31, 38, 40
MAX 5000 devices 152
MAX 7000 devices 72
logic element (LE)
general description 9, 13,31, 32
operating modes 35
logic expander. See product terms: expanders
logic minimization 11
Logic Modeling Corp. 460
Logic Programmer cards 453, 456
logic synthesis. See MAX+PLUS II: design
processing
Logical Devices, Inc. 461, 463
look-up table (LUT) 31, 32
loop counter 327
low-power devices. See 3.3-V devices
low-power mode 78, 240, 421
LP5 & LP6 cards 453, 456
LPM support 441
LUT. See look-up table (LUT)

macrocells
architecture 9,72,153, 222,237
general description 9, 10
low-power mode 78
timing parameter definition 421
maintenance agreements 524
Mask-Programmed Logic Devices (MPLDs) 5,
357
Master Programming Unit (MPU) 81, 453,
456, 525
MAX 5000 devices
architecture 4,5, 152
CAE software support 459
clocking modes 154
EPM5016 149, 161
EPM5032 149, 167
EPM5064 149,175
EPM5128 149,181
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MAX 5000 devices (continued)
EPM5128A 149, 189
EPM5130 149, 193
EPM5192 149,203
EPM5192A 149,211
general description 149
MPLD conversion 357
ordering information 521
package outlines 489
packages 150
programming hardware 453
reliability 467
Security Bit 156
selection guide 20
timing model 156, 427
timing parameter definition 419, 421
MAX 7000 devices
architecture 4, 6,71
CAE software support 459
clocking modes 74
EPM7032 69,83
EPM7032V 69, 303
EPM7064 69,93
EPM7096 69,99
EPM7128 69,107
EPM7160 69, 117
EPM7192 69,127
EPM7256 69,137
general description 69
MPLD conversion 357
ordering information 521
package outlines 489
packages 70, 521
power-down mode 305
programmable speed /power control 78
programming hardware 453
reliability 467
Security Bit 78
selection guide 19
timing model 78, 428
timing parameter definition 419, 421
Turbo Bit 78, 305
MAX+PLUS I
Altera Hardware Description Language
(AHDL) 440
CAE software support 16, 459
design entry 15, 439

MAX+PLUS 1I (continued)
design processing 15, 442, 446
design verification 15, 419, 444
device programming 15, 412, 414, 446
general description 8, 15
ordering information 522
programming hardware 453
selection guide 449
system requirements 448
Mentor Graphics Corp. 460
Micro Channel devices
EPB2001 339
general descriptin 339
ordering information 521
package outlines 489
programming hardware 453
selection guide 22
Micro EDA 463
microcode EPROM (SAM devices) 324
microcoded controllers (SAM devices) 322
microparameters. See timing parameters
MicroPross 463
military devices
DESC 352
EP1810 MIL-STD-883-Compliant 295
EP610 MIL-STD-883-Compliant 265
general description 351
MIL-STD-883B-compliant description 352
Military Product Drawings (MPDs) 352,
522
military-temperature-range 351
ordering information 522
qualification 352
selection guide 24
Source Control Drawings (SCDs) 354
Minc Inc. 461
MOD 461
modem access 529
Motive 461
MPDs 352,522
MPLDs 5, 357. See also Mask-Programmed
Logic Devices
MPU 81, 453, 525-526
multiway branching 333

normal mode (FLEX 8000 logic element) 37
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OrCAD Systems Corp. 461
ordering information 521
outlines, package 489
Output Enable control (SAM devices) 328
Output Enable signals
Classic devices 237,238
EPS464 devices 223
FLEX 80001/0 elements 42
MAX 5000 devices 154
MAX 7000 devices 77, 306
output slew-rate 42
Owen Electronic GmbH 463

P

package outlines 489
packages, device. See device packages
parallel EPROM (FLEX 8000
configuration) 390, 412, 415
passive parallel asynchronous & synchronous
(PPA & PPS configuration schemes). See
configuration (FLEX 8000 devices)
passive serial (PS). See configuration
(FLEX 8000 devices)
PC system configuration (MAX+PLUSII) 448
PIA. See Programmable Interconnect Array
pin-out information
Classic devices 245, 249, 257, 261, 265,
269, 275, 279, 283, 290, 291, 298
Configuration EPROM devices 341
EPS464 devices 173,219, 231
FLEX 8000 devices 63
MAX 5000 devices 161, 167, 175, 181, 186,
189, 193, 199, 203, 208, 211, 214
MAX 7000 devices 83,93,97,99, 104, 107,
113, 117,123,127, 137, 143
SAM devices 321
pins
configuration (FLEX 8000 devices) 386,
407,410
dedicated input 41, 71, 152, 220, 223, 237,
327
JTAG Boundary-Scan Test 43
timing delay parameters 419, 421, 422
pipeline register 324
PL-EXTx 527

PL-SKT/Qxxx 527
PLAD3-12 454
PLAESW-xxx 452
PLAESW-xxxx 524
PLD (OrCAD) 461
PLD Option 460
PLD Synthesis 461
PLDesigner-XL 461
PLDs 3. See also Classic devices; EPS464
devices; FLEX 8000 devices;MAX 5000
devices; MAX 7000 devices; Mask-
Programmed Logic devices; Micro Channel
devices; SAM devices
PLDS-HPS 450, 522
PLE-prefix adapters. See programming
hardware
PLM-prefix adapters. See programming
hardware
PLS-ADV 450, 522
PLS-ES 450, 522
PLS-FLEX8 450, 522
PLS-HPS 450, 522
PLS-STD 450, 522
PLS-WS/HP 450, 522, 523
PLS-WS/SN 450, 522, 523
PLSM-5K 450, 522
PLSM-7K 450,522
PLSM-8K 450, 522
PLSM-ADE 450, 522
PLSM-TA 450,522
PLSM-WS/HP 450
PLSM-WS/SN 450
POR circuitry 390, 417
power-down mode (MAX 7000 devices) 78,
305
power-on reset (POR) circuitry 390, 417
PPA & PPS configuration schemes. See
configuration (FLEX 8000 devices)
Preset signals
EPS464 devices 223
FLEX 8000 logic elements 36, 38, 40
MAX 5000 devices 154
MAX 7000 devices 73
timing parameter definition 420
product reliability 467
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product terms
allocatable 12
Classic devices 237
control signal generation 11
EPS464 devices 222
expanders 74, 420
general description 10
MAX 7000 devices 71,73
parallel expanders 12,75, 420, 434
SAM devices 326
secondary 154
shared & shareable expanders
223,420
timing parameter definition 420, 434
product-term array 153, 222
product-term select matrix 72,73, 74, 222
program length counter (FLEX 8000
devices) 388
Programmable Interconnect Array (PIA) 13,
76,155, 420
programmable logic
advantages 7
introduction 3
programmable logic devices 3. See also
Classic devices; EPS464 devices; FLEX 8000
devices; MAX 5000 devices; MAX 7000
devices; Mask-Programmed Logic devices;
Micro Channel devices; SAM devices
programmable speed/power control 304, 305
Programmer Object File (.pof) 411, 412, 415,
446
programming. See device programming
programming hardware
adapters 454, 524
Altera Stand-Alone Programmer (PL-
ASAP?) 454
development tool support 446
FLEX Download Cable 386, 400, 414, 454
Logic Programmer cards 453
Master Programming Unit (MPU) 453
ordering information 524
requirements 456
Prologic Systems 463
propagation delays. See timing parameters
PS configuration scheme. See configuration
(FLEX 8000 devices)

12,74, 154,

Q

QFP carrier & development socket
dimensions 480, 481
general description 81, 480
ordering information 527
QFP device extraction tool 486
Quad Design 461
quality standards 467
QuickSim IT 461

R

Racal-Redac 461
RapidSIM 460
reconfiguration, real-time. See configuration
(FLEX 8000 devices)
register feedback, timing parameter
definition 421
reliability
configuration (FLEX 8000 devices) 417
standards 467
testing 474
Report File (.rpt), Equations Section 432
representatives, sales 532
routing, signal 13

S

sales offices, representatives &
distributors 531

SAM (EPS448) devices
architecture 323
development tools 322
general description 321
instruction set 329
nRESET pin 328
ordering information 521
package outlines 489
packages 321
programming hardware 453
Security Bit 334
selection guide 22

SAM+PLUS 322

SAMPLE (JTAG instruction) 43

SAMSIM 321

SCDs 354,522
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schematic capture. See design entry
SDT 461
Security Bit 78
selection guide
component (device) 17
MAX+PLUSII 449
sequential functions
EPLDs 12
FLEX 8000 devices 14
setup time, timing parameter definition 421
simulation
functional 322, 445
timing 445
Vector Files (.vec) 444
Simulator MAX+PLUSII) 444
Simulator Netlist File (.snf) 444
slew-rate 42
SmartModels 460
SMS Micro Systems 463
sockets, QFP device 486,527
software maintenance agreement 524
Source Control Drawings (SCDs) 354, 522
SRAM Object File (.sof) 411, 412, 415, 446
stack (SAM devices) 327
Stag Microsystems 464
standard CAE support. See CAE hardware
support & CAE software support
state machines 322, 440
Sun SPARCstations 448
Sunrise Electronic Inc. 464
Sunshine Electronics Co. Ltd. 464
Susie 460
switching waveforms. See waveforms
Symbol Editor (MAX+PLUSII) 439
Synergy 460
Synopsys, Inc. 461
Synovation 460
System Expert 461
System General 464
system requirements (MAX+PLUSII) 448
SystemPGA 460

T
Tabular Text File (.ttf) 411, 413, 415, 446

Tango-PLD 460
Tango-Schematic 460

TAP Controller 45
technical support 529, 530
Test Access Port (TAP) Controller 45
testing

functional 80, 334, 453

generic 47, 80

reliability 474

scan-based (MPLDs) 358

voltage margin 472

wafer 473
Text Editor MAX+PLUS HI) 440, 444
Timing Analyzer MAX+PLUSII) 446
timing model

Classic devices 241

EPS464 devices 224

FLEX 8000 devices 46

MAX 5000 devices 156

MAX 7000 devices 78
timing parameters

internal delay parameter definitions 419

pin-to-pin delay parameter

definitions 421

timing simulation 445
training courses 529
Tribal Microsystems/HiLo Systems 464
tunneling, Fowler-Nordheim 469
Turbo Bit 78, 240, 305

U

up/down counter mode (FLEX 8000 logic
element) 37
user mode (FLEX 8000 devices) 383

v

Verilog & Verilog-XL. 460
vertical cascading (SAM devices) 329
VHDL Designer 461
Viewdraw 461

Viewlogic Systems, Inc. 461
ViewPLD 461

Viewsim 461

Visula 461

voltage margin testing 472
VSS Simulator 461

VST 461
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wafer testing 473
Waveform Editor MAX+PLUSII) 440, 444,
445
waveforms, configuration (FLEX 8000 devices)
active parallel up & down (APU &
APD) 392
active serial (AS) 345, 388
passive parallel asynchronous (PPA) 397,
398
passive parallel synchronous (PPS) 395
passive serial (PS) 403
waveforms, timing
Classic devices 242
EPS464 devices 226
MAX 5000 devices 158
MAX 7000 devices 79, 305
SAM devices 335
workstation configuration requirements
(MAX+PLUSTI) 448

X

Xeltek 464
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