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MAX 7000A Programmable Logic Device Data Sheet

General
Description

Altera Corporation

m  Software design support and automatic place-and-route provided by
Altera’s development systems for Windows-based PCs and Sun
SPARCstation, and HP 9000 Series 700/800 workstations

m  Additional design entry and simulation support provided by EDIF
200 and 3 0 0 netlist files, library of parameterized modules (LPM),
Verilog HDL, VHDL, and other interfaces to popular EDA tools from
manufacturers such as Cadence, Exemplar Logic, Mentor Graphics,
OrCAD, Synopsys, Synplicity, and VeriBest

m  Programming support with Altera’s Master Programming Unit
(MPU), MasterBlaster™ serial /universal serial bus (USB)
communications cable, ByteBlasterMV™ parallel port download
cable, and BitBlaster™ serial download cable, as well as
programming hardware from third-party manufacturers and any
Jam™ STAPL File (.jam), Jam Byte-Code File (.jbc), or Serial Vector
Format File- (.svf) capable in-circuit tester

MAX 7000A (including MAX 7000AE) devices are high-density, high-
performance devices based on Altera’s second-generation MAX
architecture. Fabricated with advanced CMOS technology, the EEPROM-
based MAX 7000A devices operate with a 3.3-V supply voltage and
provide 600 to 10,000 usable gates, ISP, pin-to-pin delays as fast as 4.5 ns,
and counter speeds of up to 227.3 MHz. MAX 7000A devices in the -4, -5,
-6, -7, and some -10 speed grades are compatible with the timing
requirements for 33 MHz operation of the PCI Special Interest Group (PCI
SIG) PCI Local Bus Specification, Revision 2.2. See Table 2.

Table 2. MAX 7000A Speed Grades

Device Speed Grade

-4 -5 -6 -7 -10 -12
EPM7032AE v v v
EPM7064AE v v v
EPM7128A v v v v
EPM7128AE v v v/
EPM7256A v v v v
EPM7256AE v v v
EPM7512AE v v v/
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Functional
Description

The MAX 7000A architecture includes the following elements:

Logic array blocks (LABs)

Macrocells

Expander product terms (shareable and parallel)
Programmable interconnect array

I/0 control blocks

The MAX 7000A architecture includes four dedicated inputs that can be
used as general-purpose inputs or as high-speed, global control signals
(clock, clear, and two output enable signals) for each macrocell and I/O
pin. Figure 1 shows the architecture of MAX 7000A devices.

Altera Corporation
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Figure 1. MAX 7000A Device Block Diagram
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Note:
(1) EPM7032AE, EPM7064AE, EPM7128A, EPM7128AE, EPM7256A, and EPM7256 AE devices have six output enables.
EPM7512AE devices have 10 output enables.

Logic Array Blocks

The MAX 7000A device architecture is based on the linking of
high-performance LABs. LABs consist of 16-macrocell arrays, as shown in
Figure 1. Multiple LABs are linked together via the PIA, a global bus that
is fed by all dedicated input pins, I/O pins, and macrocells.

Each LAB is fed by the following signals:
m 36 ssignals from the PIA that are used for general logic inputs
m  Global controls that are used for secondary register functions

m  Directinput paths from I/O pins to the registers that are used for fast
setup times

Altera Corporation 7
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Macrocells

MAX 7000A macrocells can be individually configured for either
sequential or combinatorial logic operation. The macrocells consist of
three functional blocks: the logic array, the product-term select matrix,
and the programmable register. Figure 2 shows a MAX 7000A macrocell.

Figure 2. MAX 7000A Macrocell

LAB Local Array

%‘_\0004

36 Signals
from PIA

Global  Global
___________________________ Clear  Clocks
‘ : o
IT/ : Parallel Logic pin
. i Expanders
° i (from other Fast Input Programmable
H Select Register
i macrocells)
"""""""""""" - Register
Bypass
D— De } To /O
l ‘ —>Control
D_ ) > o o Block
. L
Product- | e I;:Iort:Jlld
Term nable ENA
D_ Select Select @ID CLRN
Matrix
D vCce
Clear =
J {>c Select
Zﬁ o0 < Shared Logic To PIA ——
Expanders

16 Expander

Product Terms

Combinatorial logic is implemented in the logic array, which provides
five product terms per macrocell. The product-term select matrix allocates
these product terms for use as either primary logic inputs (to the ORand
XOR gates) to implement combinatorial functions, or as secondary inputs
to the macrocell’s register preset, clock, and clock enable control
functions.

Two kinds of expander product terms (“expanders”) are available to
supplement macrocell logic resources:

m  Shareable expanders, which are inverted product terms that are fed
back into the logic array

m  Parallel expanders, which are product terms borrowed from adjacent
macrocells

The Altera development system automatically optimizes product-term
allocation according to the logic requirements of the design.

Altera Corporation
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Figure 4. MAX 7000A Parallel Expanders
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Programmable Interconnect Array

Logic is routed between LABs on the PIA. This global bus is a
programmable path that connects any signal source to any destination on
the device. All MAX 7000A dedicated inputs, I/O pins, and macrocell
outputs feed the PIA, which makes the signals available throughout the
entire device. Only the signals required by each LAB are actually routed
from the PIA into the LAB. Figure 5 shows how the PIA signals are routed
into the LAB. An EEPROM cell controls one input to a 2-input AND gate,
which selects a PIA signal to drive into the LAB.

12 Altera Corporation
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Figure 6. 1/0 Control Block of MAX 7000A Devices
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14

When the tri-state buffer control is connected to ground, the output is
tri-stated (high impedance) and the I/O pin can be used as a dedicated
input. When the tri-state buffer control is connected to V¢, the output is
enabled.

The MAX 7000A architecture provides dual I/O feedback, in which
macrocell and pin feedbacks are independent. When an I/O pin is
configured as an input, the associated macrocell can be used for buried
logic.

Altera Corporation
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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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The programming times described in Tables 5 through 7 are associated
with the worst-case method using the enhanced ISP algorithm.

Table 5. MAX 7000A tpy, s¢ & Cyclercy Values

Device Programming Stand-Alone Verification

tppuLse (S) Cycleprcyk tvpurse () Cycleyrek

EPM7032AE 2.00 55,000 0.002 18,000
EPM7064AE 2.00 105,000 0.002 35,000
EPM7128AE 2.00 205,000 0.002 68,000
EPM7256AE 2.00 447,000 0.002 149,000
EPM7512AE 2.00 890,000 0.002 297,000
EPM7128A (1) 5.11 832,000 0.03 528,000
EPM7256A (1) 6.43 1,603,000 0.03 1,024,000

Tables 6 and 7 show the in-system programming and stand alone
verification times for several common test clock frequencies.

Table 6. MAX 7000A In-System Programming Times for Different Test Clock Frequencies

Device frex Units
10MHz | 5MHz | 2MHz | 1 MHz | 500 kHz | 200 kHz | 100 kHz | 50 kHz
EPM7032AE | 2.01 2.01 2.03 2.06 211 2.28 2.55 3.10 s
EPM7064AE | 2.01 2.02 2.05 211 2.21 2.53 3.05 4.10 s
EPM7128AE | 2.02 2.04 2.10 2.21 2.41 3.03 4.05 6.10 s
EPM7256AE | 2.05 2.09 2.23 2.45 2.90 4.24 6.47 10.94 s
EPM7512AE | 2.09 2.18 2.45 2.89 3.78 6.45 10.90 19.80 s
EPM7128A (1) | 5.19 5.27 5.52 5.94 6.77 9.27 13.43 21.75 s
EPM7256A (1) | 6.59 6.75 7.23 8.03 9.64 14.45 | 22.46 38.49 s

Altera Corporation 19
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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
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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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Figure 10 shows the typical output drive characteristics of MAX 7000A

devices.

Figure 10. Output Drive Characteristics of MAX 7000A Devices

3.3V

150

100
Typical 1o
Output
Current (mA)

50

3.3V

120

80
Typical I
Output
Current (mA)

40

MAX 7000AE Devices

Veenr =33V
Veeio=3.3V

Temperature = 25 °c

25V

Typical 1o
Output
Current (mA)

Vo Output Voltage (V)

EPM7128A & EPM7256A Devices

lou

Veeint =33V
Veeo =33V

25V

80

Typical 1o
Output

Temperature = 25°C Current (mA)

1 2 3 4
Vo Output Voltage (V)

40

150

MAX 7000AE Devices

loL

Veewr =33V
Veoo=25V
Temperature =25 C

0 I I I 1 |

0 1 2 3 4 5
Vo Output Voltage (V)

EPM7128A & EPM7256A Devices

lo

Veenr =33V
Veao =25V

Temperature = 25 °c

0 I I I I )

1 2 3 4 5
Vo Output Voltage (V)

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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Figure 12. MAX 7000A Switching Waveforms
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Table 21. EPM7128AE External Timing Parameters ~ Note (1)
Symbol Parameter Conditions Speed Grade Unit
-5 -7 -10
Min Max Min Max Min Max

tpp1 Input to non- C1=35pF 5.0 7.5 10 ns
registered output 2)

tpp2 I/O input to non- C1=35pF 5.0 75 10 ns
registered output 2)

tsu Global clock setup 2) 3.3 4.9 6.6 ns
time

tH Global clock hold time | (2) 0.0 0.0 0.0 ns

trsu Global clock setup 25 3.0 3.0 ns
time of fast input

ten Global clock hold time 0.0 0.0 0.0 ns
of fast input

tcol Global clock to output |C1 =35 pF 1.0 3.4 1.0 5.0 1.0 6.6 ns
delay

tcH Global clock high time 2.0 3.0 4.0 ns

toL Global clock low time 2.0 3.0 4.0 ns

tasu Array clock setup time | (2) 1.8 2.8 3.8 ns

tAH Array clock hold time | (2) 0.2 0.3 0.4 ns

tacol Array clock to output |C1 =35 pF 1.0 4.9 1.0 7.1 1.0 9.4 ns
delay 2

tacH Array clock high time 2.0 3.0 4.0 ns

tacL Array clock low time 2.0 3.0 4.0 ns

teppw Minimum pulse width | (3) 2.0 3.0 4.0 ns
for clear and preset

tent Minimum global clock | (2) 5.2 7.7 10.2 ns
period

fonT Maximum internal 2), 4) 192.3 129.9 98.0 MHz
global clock frequency

taACNT Minimum array clock | (2) 5.2 7.7 10.2 ns
period

facNT Maximum internal (2), 4) 192.3 129.9 98.0 MHz
array clock frequency

40 Altera Corporation
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Table 22. EPM7128AE Internal Timing Parameters (Part10f2)  Note (1)
Symbol Parameter Conditions Speed Grade Unit
-5 -7 -10
Min | Max | Min | Max | Min | Max
tiN Input pad and buffer delay 0.7 1.0 1.4 ns
tio I/0 input pad and buffer 0.7 1.0 14 ns
delay
tEIN Fast input delay 25 3.0 3.4 ns
tsexp Shared expander delay 2.0 2.9 3.8 ns
tpEXP Parallel expander delay 0.4 0.7 0.9 ns
tLAD Logic array delay 1.6 2.4 3.1 ns
tLac Logic control array delay 0.7 1.0 1.3 ns
tioE Internal output enable delay 0.0 0.0 0.0 ns
top1 Output buffer and pad C1=235pF 0.8 12 1.6 ns
delay, slow slew rate = off
Vecio =33V
topz Output buffer and pad C1=235pF 1.3 1.7 21 ns
delay, slow slew rate = off | (5)
Vecio =25V
tops Output buffer and pad Cl=35pF 5.8 6.2 6.6 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 14 21 2.9 ns
th Register hold time 0.6 10 1.3 ns
tesu Register setup time of fast 11 16 1.6 ns
input
teH Register hold time of fast 14 14 14 ns
input
trD Register delay 0.8 1.2 16 ns
tcomB Combinatorial delay 0.5 0.9 13 ns
tic Array clock delay 12 17 2.2 ns
Altera Corporation 41
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Table 22. EPM7128AE Internal Timing Parameters (Part2o0f2)  Note (1)

Symbol Parameter Conditions Speed Grade Unit
-5 -7 -10
Min | Max | Min | Max | Min | Max
ten Register enable time 0.7 1.0 13 ns
tgLoB Global control delay 1.1 1.6 2.0 ns
tprRE Register preset time 14 2.0 2.7 ns
toLr Register clear time 14 2.0 2.7 ns
tpia PIA delay ) 14 2.0 2.6 ns
tLpA Low-power adder (6) 4.0 4.0 5.0 ns

42
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Table 24. EPM7256AE Internal Timing Parameters (Part2of2)  Note (1)
Symbol Parameter Conditions Speed Grade Unit
-5 -7 -10
Min | Max | Min | Max | Min | Max

tic Array clock delay 1.2 16 21 ns
ten Register enable time 0.8 1.0 13 ns
tcLoB Global control delay 1.0 15 2.0 ns
tPRE Register preset time 1.6 2.3 3.0 ns
tclr Register clear time 1.6 2.3 3.0 ns
tria PIA delay (2) 1.7 2.4 3.2 ns
tLpa Low-power adder (6) 4.0 4.0 5.0 ns
Altera Corporation 45
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Table 28. EPM7128A Internal Timing Parameters (Part10f2)  Note (1)
Symbol Parameter Conditions Speed Grade Unit
-6 -7 -10 -12
Min | Max | Min | Max | Min | Max | Min | Max
tiN Input pad and buffer delay 0.6 0.7 0.9 11 | ns
tio I/0 input pad and buffer 0.6 0.7 0.9 11 | ns
delay
ten Fast input delay 2.7 31 3.6 39 | ns
tsexp | Shared expander delay 25 3.2 4.3 51 | ns
tpexp | Parallel expander delay 0.7 0.8 1.1 13 | ns
tLAD Logic array delay 24 3.0 4.1 49 | ns
fLac Logic control array delay 2.4 3.0 4.1 49 | ns
tioe Internal output enable 0.0 0.0 0.0 0.0 | ns
delay
top1 Output buffer and pad C1=35pF 0.4 0.6 0.7 09 | ns
delay, slow slew rate = off
Vecio =33V
topz Output buffer and pad C1=235pF 0.9 11 1.2 14 | ns
delay, slow slew rate = off | (5)
Vecio =25V
tops Output buffer and pad C1=235pF 5.4 5.6 5.7 59 | ns
delay, slow slew rate = on
Veeio =25V or3.3V
tzx1 Output buffer enable C1=235pF 4.0 4.0 5.0 5.0 | ns
delay, slow slew rate = off
Vecio =33V
tzxo Output buffer enable Cl1=35pF 4.5 4.5 55 55 | ns
delay, slow slew rate = off | (5)
Vecio =25V
tzx3 Output buffer enable C1=35pF 9.0 9.0 10.0 10.0 | ns
delay, slow slew rate = on
Veeio =33V
txz Output buffer disable Cl=5pF 4.0 4.0 5.0 5.0 | ns
delay
tsy Register setup time 1.9 24 3.1 3.8 ns
ty Register hold time 15 2.2 3.3 4.3 ns
tesu Register setup time of fast 0.8 11 11 11 ns
input
= Register hold time of fast 1.7 1.9 1.9 1.9 ns
input
50 Altera Corporation
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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 15. 49-Pin Ultra FineLine BGA Package Pin-Out Diagram

Package outlines not drawn to scale.

A1 Ball
Pad Corner

Indicates \
location of A OO0 00000
Ball A1 - @
Bl OO OO OO0OO
p| OO OOOOO
El OO OO O0OO0OO0
EPM7064AE Fl OO OO OO0OO
6] OO OOOO0O
7 6 5 4 3 2 1
Figure 16. 84-Pin PLCC Package Pin-Out Diagram
Package outline not drawn to scale.
3388
ZEEEE o
822222,008
9922225222829¢9
mininininininininininininin
. isgaseRRer |
VCCIO 73 3 V0
1/0ITDI 72 [ GND
1o 71 [ 110/TDO
1 = ]
p ALRERAY & B0
e} 68 [ 110
GND 67 [ 110
1o 66 [ vCClO
1o 65 [ 110
1o 64 [J 110
EPM7128A 2 B Yorex
o EPM7128AE 61 B w0
VCCIO 60 [ 10
o 59 [ GND
1o 58 [ 110
1o 57 [J 10
1o 56 [ 110
1o 55 (3 110
GND 54 [ 110
83885889792 32953333883
0000 00ooooggouooooOa
22292929222952222222229
8 53 o 8
> g >

58

Altera Corporation



MAX 7000A Programmable Logic Device Data Sheet

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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