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MAX 7000A Programmable Logic Device Data Sheet

Table 1. MAX 7000A Device Features

Feature EPM7032AE EPM7064AE EPM7128AE EPM7256AE EPM7512AE
Usable gates 600 1,250 2,500 5,000 10,000
Macrocells 32 64 128 256 512
Logic array blocks 2 4 8 16 32
Maximum user I/0 36 68 100 164 212
pins
tpp (NS) 4.5 4.5 5.0 5.5 7.5
tsy (ns) 2.9 2.8 3.3 3.9 5.6
tesy (ns) 25 25 25 25 3.0
tco1 (NS) 3.0 3.1 34 35 4.7
fent (MHZ) 227.3 222.2 192.3 172.4 116.3

...and More
Features

4.5-ns pin-to-pin logic delays with counter frequencies of up to
227.3 MHz

MultiVolt™ I /0O interface enables device core to run at 3.3 V, while
I/0 pins are compatible with 5.0-V, 3.3-V, and 2.5-V logic levels

Pin counts ranging from 44 to 256 in a variety of thin quad flat pack
(TQFP), plastic quad flat pack (PQFP), ball-grid array (BGA), space-
saving FineLine BGA™, and plastic J-lead chip carrier (PLCC)
packages

Supports hot-socketing in MAX 7000AE devices

Programmable interconnect array (PIA) continuous routing structure
for fast, predictable performance

PCI-compatible

Bus-friendly architecture, including programmable slew-rate control
Open-drain output option

Programmable macrocell registers with individual clear, preset,
clock, and clock enable controls

Programmable power-up states for macrocell registers in

MAX 7000AE devices

Programmable power-saving mode for 50% or greater power
reduction in each macrocell

Configurable expander product-term distribution, allowing up to
32 product terms per macrocell

Programmable security bit for protection of proprietary designs

6 to 10 pin- or logic-driven output enable signals

Two global clock signals with optional inversion

Enhanced interconnect resources for improved routability

Fast input setup times provided by a dedicated path from I/O pin to
macrocell registers

Programmable output slew-rate control

Programmable ground pins

Altera Corporation
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Expander Product Terms

Although most logic functions can be implemented with the five product
terms available in each macrocell, more complex logic functions require
additional product terms. Another macrocell can be used to supply the
required logic resources. However, the MAX 7000A architecture also
offers both shareable and parallel expander product terms that provide
additional product terms directly to any macrocell in the same LAB. These
expanders help ensure that logic is synthesized with the fewest possible
logic resources to obtain the fastest possible speed.

Shareable Expanders

Each LAB has 16 shareable expanders that can be viewed as a pool of
uncommitted single product terms (one from each macrocell) with
inverted outputs that feed back into the logic array. Each shareable
expander can be used and shared by any or all macrocells in the LAB to
build complex logic functions. A small delay (tspxp) is incurred when
shareable expanders are used. Figure 3 shows how shareable expanders
can feed multiple macrocells.

Figure 3. MAX 7000A Shareable Expanders

Shareable expanders can be shared by any or all macrocells in an LAB.
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Parallel Expanders

Parallel expanders are unused product terms that can be allocated to a
neighboring macrocell to implement fast, complex logic functions.
Parallel expanders allow up to 20 product terms to directly feed the
macrocell ORlogic, with five product terms provided by the macrocell and
15 parallel expanders provided by neighboring macrocells in the LAB.

The compiler can allocate up to three sets of up to five parallel expanders
to the macrocells that require additional product terms. Each set of five
parallel expanders incurs a small, incremental timing delay (fpgxp). For
example, if a macrocell requires 14 product terms, the compiler uses the
five dedicated product terms within the macrocell and allocates two sets
of parallel expanders; the first set includes five product terms, and the
second set includes four product terms, increasing the total delay by

2 % tPEXP'

Two groups of eight macrocells within each LAB (e.g., macrocells 1
through 8 and 9 through 16) form two chains to lend or borrow parallel
expanders. A macrocell borrows parallel expanders from lower-
numbered macrocells. For example, macrocell 8 can borrow parallel
expanders from macrocell 7, from macrocells 7 and 6, or from macrocells
7,6, and 5. Within each group of eight, the lowest-numbered macrocell
can only lend parallel expanders, and the highest-numbered macrocell
can only borrow them. Figure 4 shows how parallel expanders can be
borrowed from a neighboring macrocell.

11
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Programming Times

The time required to implement each of the six programming stages can
be broken into the following two elements:

m A pulse time to erase, program, or read the EEPROM cells.

m A shifting time based on the test clock (TCK) frequency and the
number of TCK cycles to shift instructions, address, and data into the
device.

By combining the pulse and shift times for each of the programming
stages, the program or verify time can be derived as a function of the TCK
frequency, the number of devices, and specific target device(s). Because
different ISP-capable devices have a different number of EEPROM cells,
both the total fixed and total variable times are unique for a single device.

Programming a Single MAX 7000A Device

The time required to program a single MAX 7000A device in-system can
be calculated from the following formula:

, _, | Sveleprek
PROG = 'PPULSE™ ™ §
TCK

where: tprog = Programming time

tpPULSE = Sum of the fixed times to erase, program, and
verify the EEPROM cells

Cycleprck = Number of TCK cycles to program a device
frek = TCK frequency

The ISP times for a stand-alone verification of a single MAX 7000A device
can be calculated from the following formula:

Cycleyrcg
tvEr = tvpurse* "ok
where: typg = Verify time
typurse = Sum of the fixed times to verify the EEPROM cells

Cycleyrcx = Number of TCK cycles to verify a device

18 Altera Corporation
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Figure 8 shows timing information for the JTAG signals.

Figure 8. MAX 7000A JTAG Waveforms
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Table 11 shows the JTAG timing parameters and values for MAX 7000A

devices.

Table 11. JTAG Timing Parameters & Values for MAX 7000A Devices Note (1)
Symbol Parameter Min | Max | Unit
ticp TCK clock period 100 ns
ticH TCK clock high time 50 ns
tycL TCK clock low time 50 ns
typsu | JTAG port setup time 20 ns
tipH JTAG port hold time 45 ns
typco | JTAG port clock to output 25 ns
typzx | JTAG port high impedance to valid output 25 ns
typxz | JTAG port valid output to high impedance 25 ns
tjssu | Capture register setup time 20 ns
tisH Capture register hold time 45 ns
tysco |Update register clock to output 25 ns
tyszx Update register high impedance to valid output 25 ns
tisxz Update register valid output to high impedance 25 ns

Note:
(1) Timing parameters shown in this table apply for all specified VCCIO levels.
23
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Power
Sequencing &
Hot-Socketing

Design Security

Generic Testing

26

Because MAX7000A devices can be used in a mixed-voltage environment,
they have been designed specifically to tolerate any possible power-up
sequence. The Vo and Veent power planes can be powered in any
order.

Signals can be driven into MAX 7000AE devices before and during power-
up (and power-down) without damaging the device. Additionally,

MAX 7000AE devices do not drive out during power-up. Once operating
conditions are reached, MAX 7000AE devices operate as specified by the
user.

MAX 7000AE device I/O pins will not source or sink more than 300 pA of
DC current during power-up. All pins can be driven up to 5.75 V during
hot-socketing, except the OE1 and GLCRn pins. The OE1 and G_CRn pins
can be driven up to 3.6 V during hot-socketing. After Vot and Veero
reach the recommended operating conditions, these two pins are 5.0-V
tolerant.

EPM7128A and EPM7256A devices do not support hot-socketing and may
drive out during power-up.

Al MAX 7000A devices contain a programmable security bit that controls
access to the data programmed into the device. When this bit is
programmed, a design implemented in the device cannot be copied or
retrieved. This feature provides a high level of design security because
programmed data within EEPROM cells is invisible. The security bit that
controls this function, as well as all other programmed data, is reset only
when the device is reprogrammed.

MAX 7000A devices are fully tested. Complete testing of each
programmable EEPROM bit and all internal logic elements ensures 100%
programming yield. AC test measurements are taken under conditions
equivalent to those shown in Figure 9. Test patterns can be used and then
erased during early stages of the production flow.

Altera Corporation
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Figure 9. MAX 7000A AC Test Conditions

Power supply transients can affect AC
measurements. Simultaneous transitions
of multiple outputs should be avoided for
accurate measurement. Threshold tests
must not be performed under AC
conditions. Large-amplitude, fast-ground-
current transients normally occur as the
device outputs discharge the load
capacitances. When these transients flow
through the parasitic inductance between
the device ground pin and the test system
ground, significant reductions in
observable noise immunity can result.
Numbers in brackets are for 2.5-V
outputs. Numbers without brackets are for
3.3-V outputs.
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Operating

Tables 13 through 16 provide information on absolute maximum ratings,
recommended operating conditions, operating conditions, and

Cond itions capacitance for MAX 7000A devices.
Table 13. MAX 7000A Device Absolute Maximum Ratings  Note (1)
Symbol Parameter Conditions Min Max Unit
Ve Supply voltage With respect to ground (2) -0.5 4.6 \Y,
A DC input voltage -2.0 5.75 \Y
lout DC output current, per pin -25 25 mA
Tstg | Storage temperature No bias —65 150 °C
Ta Ambient temperature Under bias —65 135 °C
T, Junction temperature BGA, FineLine BGA, PQFP, and 135 °C
TQFP packages, under bias

Altera Corporation 27
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Table 15. MAX 7000A Device DC Operating Conditions  Note (6)
Symbol Parameter Conditions Min Max Unit
ViH High-level input voltage 1.7 5.75 \%
Vi Low-level input voltage -0.5 0.8 \Y
Vou  |3.3-V high-level TTL output | lgy = -8 MA DC, Vegio = 3.00 V (7) 2.4 %
voltage
3.3-V high-level CMOS output |lgy =—-0.1 MADC, Ve 0=3.00V | Ve o—0.2 \
voltage (7
2.5-V high-level output voltage | gy =—-100 pA DC, Vg0 = 2.30 V 2.1 \
@)
loy =—=1 mMA DC, Vg = 2.30 V (7) 2.0 Y
lon =—2 MA DC, Vegio = 2.30 V (7) 17 %
VoL 3.3-V low-level TTL output loL =8 MADC, Vegio = 3.00 V (8) 0.45 \Y
voltage
3.3-V low-level CMOS output  |lg, = 0.1 mA DC, V¢gio = 3.00 V (8) 0.2 v
voltage
2.5-V low-level output voltage |lg, =100 pA DC, Vo =2.30V (8) 0.2 \
lo. =1 MADC, Vo = 2.30 V (8) 0.4 %
loL=2mADC, Veeio=2.30V (8) 0.7 \
I Input leakage current V,=-051t0 5.5V (9) -10 10 HA
loz Tri-state output off-state V,=-05t055V(9) -10 10 HA
current
Risp Value of I/O pin pull-up resistor [Veco =3.0t0 3.6 V (10) 20 50 kQ
during in-system programming |V, = 2.3 t0 2.7 V (10) 30 80 kQ
or during power-up Veeio = 2.310 3.6 V (11) 20 74 kQ
Table 16. MAX 7000A Device Capacitance  Note (12)
Symbol Parameter Conditions Min Max Unit
Cin Input pin capacitance ViN=0V,f=1.0 MHz 8 pF
Cio I/0 pin capacitance Vour =0V, f=1.0 MHz 8 pF
Altera Corporation 29
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Figure 10 shows the typical output drive characteristics of MAX 7000A

devices.

Figure 10. Output Drive Characteristics of MAX 7000A Devices
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Timing Model

MAX 7000A device timing can be analyzed with the Altera software, a

variety of popular industry-standard EDA simulators and timing
analyzers, or with the timing model shown in Figure 11. MAX 7000A
devices have predictable internal delays that enable the designer to
determine the worst-case timing of any design. The software provides
timing simulation, point-to-point delay prediction, and detailed timing
analysis for device-wide performance evaluation.

Altera Corporation
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Table 18. EPM7032AE Internal Timing Parameters (Part10f2)  Note (1)
Symbol Parameter Conditions Speed Grade Unit
-4 -7 -10
Min | Max | Min | Max | Min | Max
tiN Input pad and buffer delay 0.7 1.2 15 ns
tio I/0 input pad and buffer 0.7 12 15 ns
delay
tEIN Fast input delay 2.3 2.8 3.4 ns
tsexp Shared expander delay 1.9 3.1 4.0 ns
tpEXP Parallel expander delay 0.5 0.8 1.0 ns
tLAD Logic array delay 15 25 3.3 ns
tLac Logic control array delay 0.6 1.0 1.2 ns
tioE Internal output enable delay 0.0 0.0 0.0 ns
top1 Output buffer and pad C1=235pF 0.8 1.3 18 ns
delay, slow slew rate = off
Vecio =33V
topz Output buffer and pad C1=235pF 1.3 1.8 2.3 ns
delay, slow slew rate = off | (5)
Vecio =25V
tops Output buffer and pad Cl=35pF 5.8 6.3 6.8 ns
delay, slow slew rate = on
Vecio=25Vor33Vv
trx1 Output buffer enable delay, | C1 = 35 pF 4.0 4.0 5.0 ns
slow slew rate = off
Veeip =33V
trx2 Output buffer enable delay, | C1 = 35 pF 45 45 55 ns
slow slew rate = off (5)
Veeio =25V
tzx3 Output buffer enable delay, | C1 = 35 pF 9.0 9.0 10.0 ns
slow slew rate = on
Vecio =33V
txz Output buffer disable delay |C1 =5 pF 4.0 4.0 5.0 ns
tsy Register setup time 13 2.0 2.8 ns
th Register hold time 0.6 10 1.3 ns
tesu Register setup time of fast 1.0 15 15 ns
input
teH Register hold time of fast 15 15 15 ns
input
trD Register delay 0.7 1.2 15 ns
tcomB Combinatorial delay 0.6 1.0 13 ns
Altera Corporation 35
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Table 20. EPM7064AE Internal Timing Parameters (Part10f2)  Note (1)
Symbol Parameter Conditions Speed Grade Unit
-4 -7 -10
Min | Max | Min | Max | Min | Max
tiN Input pad and buffer delay 0.6 1.1 1.4 ns
tio I/0 input pad and buffer 0.6 11 14 ns
delay
tEIN Fast input delay 25 3.0 3.7 ns
tsexp Shared expander delay 18 3.0 3.9 ns
tpEXP Parallel expander delay 0.4 0.7 0.9 ns
tLAD Logic array delay 15 25 3.2 ns
tLac Logic control array delay 0.6 1.0 1.2 ns
tioE Internal output enable delay 0.0 0.0 0.0 ns
top1 Output buffer and pad C1=235pF 0.8 1.3 18 ns
delay, slow slew rate = off
Vecio =33V
topz Output buffer and pad C1=235pF 1.3 1.8 2.3 ns
delay, slow slew rate = off | (5)
Vecio =25V
tops Output buffer and pad Cl=35pF 5.8 6.3 6.8 ns
delay, slow slew rate = on
Vecio=25Vor33Vv
trx1 Output buffer enable delay, | C1 = 35 pF 4.0 4.0 5.0 ns
slow slew rate = off
Veeip =33V
trx2 Output buffer enable delay, | C1 = 35 pF 45 45 55 ns
slow slew rate = off (5)
Veeio =25V
tzx3 Output buffer enable delay, | C1 = 35 pF 9.0 9.0 10.0 ns
slow slew rate = on
Vecio =33V
txz Output buffer disable delay |C1 =5 pF 4.0 4.0 5.0 ns
tsy Register setup time 13 2.0 2.9 ns
th Register hold time 0.6 10 1.3 ns
tesu Register setup time of fast 1.0 15 15 ns
input
teH Register hold time of fast 15 15 15 ns
input
trD Register delay 0.7 1.2 16 ns
tcomB Combinatorial delay 0.6 0.9 13 ns
tic Array clock delay 12 1.9 25 ns
38 Altera Corporation
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Table 20. EPM7064AE Internal Timing Parameters (Part2of2)  Note (1)
Symbol Parameter Conditions Speed Grade Unit
-4 -7 -10
Min | Max | Min | Max | Min | Max

ten Register enable time 0.6 1.0 12 ns
tcLoB Global control delay 1.0 15 2.2 ns
tPRE Register preset time 1.3 2.1 2.9 ns
tolr Register clear time 1.3 2.1 2.9 ns
tria PIA delay 2 1.0 1.7 2.3 ns
tL A Low-power adder (6) 35 4.0 5.0 ns

Altera Corporation 39
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Table 26. EPM7512AE Internal Timing Parameters (Part10f2)  Note (1)
Symbol Parameter Conditions Speed Grade Unit
-1 -10 -12
Min | Max | Min | Max | Min | Max
tiN Input pad and buffer delay 0.7 0.9 1.0 ns
tio I/0 input pad and buffer 0.7 0.9 1.0 ns
delay
tEIN Fast input delay 3.1 3.6 4.1 ns
tsexp Shared expander delay 2.7 35 4.4 ns
tpEXP Parallel expander delay 0.4 0.5 0.6 ns
tLAD Logic array delay 2.2 2.8 35 ns
tLac Logic control array delay 1.0 1.3 1.7 ns
tioE Internal output enable delay 0.0 0.0 0.0 ns
top1 Output buffer and pad C1=235pF 1.0 15 1.7 ns
delay, slow slew rate = off
Vecio =33V
topz Output buffer and pad C1=235pF 15 2.0 2.2 ns
delay, slow slew rate = off | (5)
Vecio =25V
tops Output buffer and pad Cl=35pF 6.0 6.5 6.7 ns
delay, slow slew rate = on
Vecio=25Vor33Vv
trx1 Output buffer enable delay, | C1 = 35 pF 4.0 5.0 5.0 ns
slow slew rate = off
Veeip =33V
trx2 Output buffer enable delay, | C1 = 35 pF 45 5.5 55 ns
slow slew rate = off (5)
Veeio =25V
tzx3 Output buffer enable delay, | C1 = 35 pF 9.0 10.0 10.0 ns
slow slew rate = on
Vecio =33V
txz Output buffer disable delay |C1 =5 pF 4.0 5.0 5.0 ns
tsy Register setup time 21 3.0 35 ns
th Register hold time 0.6 0.8 1.0 ns
tesu Register setup time of fast 1.6 16 1.6 ns
input
teH Register hold time of fast 14 14 14 ns
input
trD Register delay 1.3 1.7 21 ns
tcomB Combinatorial delay 0.6 0.8 1.0 ns
Altera Corporation 47
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Table 28. EPM7128A Internal Timing Parameters (Part2 of2)  Note (1)
Symbol Parameter Conditions Speed Grade Unit
-6 -7 -10 -12
Min | Max | Min | Max | Min | Max | Min | Max
trD Register delay 1.7 21 2.8 33 | ns
tcomg | Combinatorial delay 17 21 2.8 33 | ns
tic Array clock delay 2.4 3.0 4.1 49 | ns
ten Register enable time 2.4 3.0 4.1 49 | ns
tgLog | Global control delay 1.0 1.2 1.7 20 | ns
tprE Register preset time 31 3.9 5.2 6.2 | ns
toLr Register clear time 31 3.9 5.2 6.2 | ns
tpiA PIA delay 2 0.9 11 15 18 | ns
tLpA Low-power adder (6) 11.0 10.0 10.0 10.0 | ns
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The parameters in this equation are:

MCron = Number of macrocells with the Turbo Bit option turned
on, as reported in the MAX+PLUS II Report File (.rpt)
MCpgy = Number of macrocells in the device
MCysgp = Total number of macrocells in the design, as reported in
the Report File
fvax = Highest clock frequency to the device
togyc = Average percentage of logic cells toggling at each clock
(typically 12.5%)
A,B,C = Constants, shown in Table 31
Table 31. MAX 7000A Ip; Equation Constants
Device A B C
EPM7032AE 0.71 0.30 0.014
EPM7064AE 0.71 0.30 0.014
EPM7128A 0.71 0.30 0.014
EPM7128AE 0.71 0.30 0.014
EPM7256A 0.71 0.30 0.014
EPM7256AE 0.71 0.30 0.014
EPM7512AE 0.71 0.30 0.014

This calculation provides an I estimate based on typical conditions

using a pattern of a 16-bit, loadable, enabled, up/down counter in each
LAB with no output load. Actual I should be verified during operation
because this measurement is sensitive to the actual pattern in the device

and the environmental operating conditions.
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Figure 13 shows the typical supply current versus frequency for
MAX 7000A devices.

Figure 13. Ig¢ vs. Frequency for MAX 7000A Devices (Part 1 of 2)
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Figure 13. Ig¢ vs. Frequency for MAX 7000A Devices (Part 2 of 2)
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Device
Pin-Outs

See the Altera web site (http://www.altera.com) or the Altera Digital
Library for pin-out information.

Figures 14 through 23 show the package pin-out diagrams for

MAX 7000A devices.

Figure 14. 44-Pin PLCC/TQFP Package Pin-Out Diagram

Package outlines not drawn to scale.
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Figure 19. 144-Pin TQFP Package Pin-Out Diagram
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Figure 23. 256-Pin FineLine BGA Package Pin-Out Diagram

Package outline not drawn to scale.
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Revision
History

Altera Corporation

The information contained in the MAX 7000A Programmable Logic Device
Data Sheet version 4.5 supersedes information published in previous
versions.

Version 4.5

The following changes were made in the MAX 7000A Programmable Logic
Device Data Sheet version 4.5:

m  Updated text in the “Power Sequencing & Hot-Socketing” section.

Version 4.4

The following changes were made in the MAX 7000A Programmable Logic
Device Data Sheet version 4.4:

m  Added Tables 5 through 7.

m  Added “Programming Sequence” on page 17 and “Programming
Times” on page 18.
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Version 4.3

The following changes were made in the MAX 7000A Programmable Logic
Device Data Sheet version 4.3:

m  Added extended temperature devices to document
m  Updated Table 14.
Version 4.2

The following changes were made in the MAX 7000A Programmable Logic
Device Data Sheet version 4.2:

m  Removed Note (1) from Table 2.
m Removed Note (4) from Tables 3 and 4.

Version 4.1

The following changes were made in the MAX 7000A Programmable Logic
Device Data Sheet version 4.1:

m  Updated leakage current information in Table 15.
m  Updated Note (9) of Table 15.
s Updated Note (1) of Tables 17 through 30.
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