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MAX 7000 Programmable Logic Device Family Data Sheet

Functional
Description

MAX 7000 devices contain from 32 to 256 macrocells that are combined
into groups of 16 macrocells, called logic array blocks (LABs). Each
macrocell has a programmable-AND/ fixed-OR array and a configurable
register with independently programmable clock, clock enable, clear, and
preset functions. To build complex logic functions, each macrocell can be
supplemented with both shareable expander product terms and high-
speed parallel expander product terms to provide up to 32 product terms
per macrocell.

The MAX 7000 family provides programmable speed/power
optimization. Speed-critical portions of a design can run at high
speed/full power, while the remaining portions run at reduced
speed/low power. This speed/power optimization feature enables the
designer to configure one or more macrocells to operate at 50% or lower
power while adding only a nominal timing delay. MAX 7000E and
MAX 7000S devices also provide an option that reduces the slew rate of
the output buffers, minimizing noise transients when non-speed-critical
signals are switching. The output drivers of all MAX 7000 devices (except
44-pin devices) can be set for either 3.3-V or 5.0-V operation, allowing
MAX 7000 devices to be used in mixed-voltage systems.

The MAX 7000 family is supported by Altera development systems, which
are integrated packages that offer schematic, text—including VHDL,
Verilog HDL, and the Altera Hardware Description Language (AHDL)—
and waveform design entry, compilation and logic synthesis, simulation
and timing analysis, and device programming. The software provides
EDIF 200 and 3 00, LPM, VHDL, Verilog HDL, and other interfaces for
additional design entry and simulation support from other industry-
standard PC- and UNIX-workstation-based EDA tools. The software runs
on Windows-based PCs, as well as Sun SPARCstation, and HP 9000 Series
700/800 workstations.

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

The MAX 7000 architecture includes the following elements:

Logic array blocks

Macrocells

Expander product terms (shareable and parallel)
Programmable interconnect array

1/0 control blocks

Altera Corporation


http://www.altera.com/literature/ds/dsmii.pdf
http://www.altera.com/literature/ds/dsmii.pdf
http://www.altera.com/literature/ds/quartus.pdf

MAX 7000 Programmable Logic Device Family Data Sheet

Figure 2 shows the architecture of MAX 7000E and MAX 7000S devices.

Figure 2. MAX 7000E & MAX 70008 Device Block Diagram
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Logic Array Blocks

The MAX 7000 device architecture is based on the linking of high-
performance, flexible, logic array modules called logic array blocks
(LABs). LABs consist of 16-macrocell arrays, as shown in Figures 1 and 2.
Multiple LABs are linked together via the programmable interconnect
array (PIA), a global bus that is fed by all dedicated inputs, I/O pins, and
macrocells.
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Each LAB is fed by the following signals:

B 36 signals from the PIA that are used for general logic inputs

B Global controls that are used for secondary register functions

B Direct input paths from I/O pins to the registers that are used
for fast setup times for MAX 7000E and MAX 7000S devices

Macrocells

The MAX 7000 macrocell can be individually configured for either
sequential or combinatorial logic operation. The macrocell consists
of three functional blocks: the logic array, the product-term select
matrix, and the programmable register. The macrocell of EPM7032,
EPM7064, and EPM7096 devices is shown in Figure 3.

Figure 3. EPM7032, EPM7064 & EPM7096 Device Macrocell
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Programmable Interconnect Array

Logic is routed between LABs via the programmable interconnect array
(PIA). This global bus is a programmable path that connects any signal
source to any destination on the device. All MAX 7000 dedicated inputs,
I/0 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 7 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.

Figure 7. PIA Routing

To LAB

PIA Signals

While the routing delays of channel-based routing schemes in masked or
FPGAs are cumulative, variable, and path-dependent, the MAX 7000 PIA
has a fixed delay. The PIA thus eliminates skew between signals and
makes timing performance easy to predict.

1/0 Control Blocks

The I/O control block allows each I/O pin to be individually configured
for input, output, or bidirectional operation. All I/O pins have a tri-state
buffer that is individually controlled by one of the global output enable
signals or directly connected to ground or V. Figure 8 shows the /O
control block for the MAX 7000 family. The I/ O control block of EPM7032,
EPM7064, and EPM7096 devices has two global output enable signals that
are driven by two dedicated active-low output enable pins (CE1 and CE2).
The 1/O control block of MAX 7000E and MAX 7000S devices has six
global output enable signals that are driven by the true or complement of
two output enable signals, a subset of the I/O pins, or a subset of the I/O
macrocells.
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Figure 8. 1/0 Control Block of MAX 7000 Devices
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(1) The open-drain output option is available only in MAX 7000S devices.
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Altera Corporation

The instruction register length of MAX 7000S devices is 10 bits. Tables 10
and 11 show the boundary-scan register length and device IDCODE
information for MAX 7000S devices.

Table 10. MAX 70008 Boundary-Scan Register Length

Device Boundary-Scan Register Length
EPM7032S 1(1)
EPM7064S 1(1)
EPM7128S 288
EPM7160S 312
EPM7192S 360
EPM7256S 480

Note:

(1) This device does not support JTAG boundary-scan testing. Selecting either the
EXTEST or SAMPLE/PRELOAD instruction will select the one-bit bypass register.

Table 11. 32-Bit MAX 7000 Device IDCODE  Note (1)
Device IDCODE (32 Bits)
Version | Part Number (16 Bits) | Manufacturer’s | 1 (1 Bit)
(4 Bits) Identity (11 Bits)| (2)
EPM7032S 0000 |0111 0000 0011 0010| 00001101110 1
EPM7064S 0000 |0111 0000 0110 0100| 00001101110 1
EPM7128S 0000 |0111 0001 0010 1000| 00001101110 1
EPM7160S 0000 |0111 0001 0110 0000| 00001101110 1
EPM7192S 0000 |0111 0001 1001 0010 00001101110 1
EPM7256S 0000 |0111 0010 0101 0110 00001101110 1
Notes:
(1) The most significant bit (MSB) is on the left.
(2)  The least significant bit (LSB) for all JTAG IDCODEs is 1.
23
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Figure 9 shows the timing requirements for the JTAG signals.

Figure 9. MAX 7000 JTAG Waveforms
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Table 12 shows the JTAG timing parameters and values for MAX 70005

devices.
Table 12. JTAG Timing Parameters & Values for MAX 70008 Devices
Symbol Parameter Min | Max | Unit
tyjcp | TCKclock period 100 ns
tyjcn | TCKclock high time 50 ns
ticL TCK clock low time 50 ns
typsy | 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
tjssy | Capture register setup time 20 ns
tjsy | Capture register hold time 45 ns
tysco |Update register clock to output 25 | ns
tyszx | Update register high impedance to valid output 25 ns
tysxz | Update register valid output to high impedance 25 ns
- For more information, see Application Note 39 (IEEE 1149.1 (JTAG)

Boundary-Scan Testing in Altera Devices).
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Operating

Tables 13 through 18 provide information about absolute maximum
ratings, recommended operating conditions, operating conditions, and

cond itions capacitance for 5.0-V MAX 7000 devices.
Table 13. MAX 7000 5.0-V Device Absolute Maximum Ratings  Note (1)
Symbol Parameter Conditions Min Max Unit
Vee Supply voltage With respect to ground (2) -2.0 7.0 \%
A DC input voltage -2.0 7.0 \%
lout DC output current, per pin -25 25 mA
Tste Storage temperature No bias —65 150 °C
Tame Ambient temperature Under bias —65 135 °C
T, Junction temperature Ceramic packages, under bias 150 °C
PQFP and RQFP packages, under bias 135 °C
Table 14. MAX 7000 5.0-V Device Recommended Operating Conditions
Symbol Parameter Conditions Min Max Unit
Veeint | Supply voltage for internal logic and | (3), (4), (5) 4.75 5.25 \%
input buffers (4.50) (5.50)
Veeio Supply voltage for output drivers, 3), (4) 4.75 5.25 \Y
5.0-V operation (4.50) (5.50)
Supply voltage for output drivers, (3), (4), (6) 3.00 3.60 \%
3.3-V operation (3.00) (3.60)
Vceisp | Supply voltage during ISP ) 4.75 5.25 \%
\ Input voltage -05(8) |Veent+05] V
Vo Output voltage 0 Veeio \Y
Ta Ambient temperature For commercial use 0 70 °C
For industrial use —40 85 °C
T, Junction temperature For commercial use 0 90 °C
For industrial use -40 105 °C
tr Input rise time 40 ns
te Input fall time 40 ns
26 Altera Corporation
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Table 15. MAX 7000 5.0-V Device DC Operating Conditions  Note (9)

Symbol Parameter Conditions Min Max Unit
ViH High-level input voltage 2.0 Veent+05| Vv
Vi Low-level input voltage -0.5(8) 0.8 \%
VoH 5.0-V high-level TTL output voltage |loy =—-4 MA DC, Vo =4.75V (10) 2.4 \
3.3-V high-level TTL output voltage |loy =—4 mA DC, Vg0 = 3.00 V (10) 2.4 \
3.3-V high-level CMOS output lon =—=0.1 MA DC, Vgio = 3.0 V (10) Veeio = 0.2 v
voltage
VoL 5.0-V low-level TTL output voltage |lo. =12 mA DC, V¢cio =4.75V (11) 0.45 \
3.3-V low-level TTL output voltage | lp. =12 mA DC, V¢co = 3.00 V (11) 0.45 \
3.3-V low-level CMOS output loL = 0.1 mADC, Vo = 3.0 V(11) 0.2 \
voltage
I Leakage current of dedicated input |V, =-0.5t0 5.5V (11) -10 10 pA
pins
loz 1/0 pin tri-state output off-state V,=-0.5t05.5V (11), (12) -40 40 pA
current
Table 16. MAX 7000 5.0-V Device Capacitance: EPM7032, EPM7064 & EPM7096 Devices  Note (13)
Symbol Parameter Conditions Min Max Unit
Cin Input pin capacitance ViN=0V, f=1.0MHz 12 pF
Cio 1/O pin capacitance Vour =0V, f=1.0 MHz 12 pF
Table 17. MAX 7000 5.0-V Device Capacitance: MAX 7000E Devices Note (13)
Symbol Parameter Conditions Min Max Unit
Cin Input pin capacitance ViN=0V, f=1.0MHz 15 pF
Cio 1/O pin capacitance Vour =0V, f=1.0 MHz 15 pF
Table 18. MAX 7000 5.0-V Device Capacitance: MAX 70008 Devices  Note (13)
Symbol Parameter Conditions Min Max Unit
Cin Dedicated input pin capacitance ViN=0V, f=1.0MHz 10 pF
Cio 1/O pin capacitance Vour =0V, f=1.0 MHz 10 pF
Altera Corporation 27
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Tables 19 through 26 show the MAX 7000 and MAX 7000E AC

operating conditions.

Table 19. MAX 7000 & MAX 7000E External Timing Parameters  Note (1)
Symbol Parameter Conditions | -6 Speed Grade -7 Speed Grade Unit
Min Max Min Max
tpp1 Input to non-registered output C1=35pF 6.0 7.5 ns
tppo 1/0 input to non-registered output C1=35pF 6.0 7.5 ns
tsy Global clock setup time 5.0 6.0 ns
ty Global clock hold time 0.0 0.0 ns
tesu Global clock setup time of fast input | (2) 25 3.0 ns
ten Global clock hold time of fast input 2) 0.5 0.5 ns
tco1 Global clock to output delay C1=35pF 4.0 4.5 ns
tcH Global clock high time 25 3.0 ns
teL Global clock low time 25 3.0 ns
tasu Array clock setup time 25 3.0 ns
tAH Array clock hold time 2.0 2.0 ns
tacol Array clock to output delay Cl1=35pF 6.5 7.5 ns
tacH Array clock high time 3.0 3.0 ns
tacL Array clock low time 3.0 3.0 ns
teppw Minimum pulse width for clear and (3) 3.0 3.0 ns
preset
tobH Output data hold time after clock C1=35pF (4) 1.0 1.0 ns
tenT Minimum global clock period 6.6 8.0 ns
fenT Maximum internal global clock (5) 151.5 125.0 MHz
frequency
taACNT Minimum array clock period 6.6 8.0 ns
facNT Maximum internal array clock (5) 1515 125.0 MHz
frequency
fmax Maximum clock frequency (6) 200 166.7 MHz
Altera Corporation 31
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Table 24. MAX 7000 & MAX 7000E Internal Timing Parameters  Nofe (1)

Symbol Parameter Conditions Speed Grade Unit

MAX 7000E (-12P)| MAX 7000 (-12)
MAX 7000E (-12)

Min Max Min Max

N Input pad and buffer delay 1.0 2.0 ns
tio 1/0 input pad and buffer delay 1.0 2.0 ns
trIN Fast input delay 2) 1.0 1.0 ns
tsexp Shared expander delay 7.0 7.0 ns
trEXP Parallel expander delay 1.0 1.0 ns
tL AD Logic array delay 7.0 5.0 ns
tLac Logic control array delay 5.0 5.0 ns
tioe Internal output enable delay ) 2.0 2.0 ns
top1 Output buffer and pad delay C1=35pF 1.0 3.0 ns
Slow slew rate = off
Veeio =50V
top2 Output buffer and pad delay C1=35pF (7) 2.0 4.0 ns
Slow slew rate = off
Veeio =33V
tops Output buffer and pad delay C1=35pF(2) 5.0 7.0 ns

Slow slew rate = on
Veecio=5.0Vor33V

tzx1 Output buffer enable delay C1=35pF 6.0 6.0 ns
Slow slew rate = off
Veeio =50V

tzxo Output buffer enable delay C1=35pF (7) 7.0 7.0 ns
Slow slew rate = off
Veeio =33V

tzx3 Output buffer enable delay C1=35pF (2) 10.0 10.0 ns
Slow slew rate = on
Veeio=5.0Vor33V

tyz Output buffer disable delay Cl=5pF 6.0 6.0 ns
tsu Register setup time 1.0 4.0 ns
ty Register hold time 6.0 4.0 ns
tesu Register setup time of fast input 2) 4.0 2.0 ns
ten Register hold time of fast input 2) 0.0 2.0 ns
trD Register delay 2.0 1.0 ns
tcoms Combinatorial delay 2.0 1.0 ns
tic Array clock delay 5.0 5.0 ns
ten Register enable time 7.0 5.0 ns
tcLoB Global control delay 2.0 0.0 ns
tprE Register preset time 4.0 3.0 ns
tclr Register clear time 4.0 3.0 ns
tria PIA delay 1.0 1.0 ns
tpa Low-power adder (8) 12.0 12.0 ns
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Table 35. EPM7192S External Timing Parameters (Part 2 of 2)  Note (1)
Symbol Parameter Conditions Speed Grade Unit
-7 -10 -15
Min | Max | Min | Max | Min | Max
taH Array clock hold time 1.8 3.0 4.0 ns
tacor Array clock to output delay C1=35pF 7.8 10.0 15.0 ns
tacH Array clock high time 3.0 4.0 6.0 ns
tacL Array clock low time 3.0 4.0 6.0 ns
teppw Minimum pulse width for clear | (2) 3.0 4.0 6.0 ns
and preset
tobH Output data hold time after C1=35pF (3) 1.0 1.0 1.0 ns
clock
tenT Minimum global clock period 8.0 10.0 13.0 ns
font Maximum internal global clock | (4) 125.0 100.0 76.9 MHz
frequency
taCNT Minimum array clock period 8.0 10.0 13.0 ns
facnT Maximum internal array clock | (4) 125.0 100.0 76.9 MHz
frequency
fmax Maximum clock frequency (5) 166.7 125.0 100.0 MHz
Table 36. EPM71928S Internal Timing Parameters (Part 1 0f2)  Noie (1)
Symbol Parameter Conditions Speed Grade Unit
-7 -10 -15
Min | Max | Min | Max | Min | Max
N Input pad and buffer delay 0.3 0.5 2.0 ns
tio 1/0 input pad and buffer delay 0.3 0.5 2.0 ns
ten Fast input delay 3.2 1.0 2.0 ns
tsexp Shared expander delay 4.2 5.0 8.0 ns
tpExP Parallel expander delay 12 0.8 1.0 ns
tLaD Logic array delay 3.1 5.0 6.0 ns
tLac Logic control array delay 3.1 5.0 6.0 ns
tioe Internal output enable delay 0.9 2.0 3.0 ns
top1 Output buffer and pad delay |C1 =35 pF 0.5 15 4.0 ns
top2 Output buffer and pad delay |C1 = 35 pF (6) 1.0 2.0 5.0 ns
tops Output buffer and pad delay |C1 =35 pF 55 55 7.0 ns
trx1 Output buffer enable delay Cl1=35pF 4.0 5.0 6.0 ns
tzxo Output buffer enable delay C1 =235 pF (6) 45 5.5 7.0 ns
tzx3 Output buffer enable delay Cl1=35pF 9.0 9.0 10.0 ns
tyz Output buffer disable delay Cl=5pF 4.0 5.0 6.0 ns
tsu Register setup time 11 2.0 4.0 ns
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Tables 37 and 38 show the EPM7256S AC operating conditions.

Table 37. EPM72568 External Timing Parameters  Nofe (1)
Symbol Parameter Conditions Speed Grade Unit
-7 -10 -15
Min | Max | Min | Max | Min | Max

tpp1 Input to non-registered output | C1 = 35 pF 7.5 10.0 15.0 ns

tpp2 1/O input to non-registered C1=35pF 7.5 10.0 15.0 ns
output

tsy Global clock setup time 3.9 7.0 11.0 ns

ty Global clock hold time 0.0 0.0 0.0 ns

tesu Global clock setup time of fast 3.0 3.0 3.0 ns
input

= Global clock hold time of fast 0.0 0.5 0.0 ns
input

tcor Global clock to output delay C1=35pF 4.7 5.0 8.0 ns

tch Global clock high time 3.0 4.0 5.0 ns

teL Global clock low time 3.0 4.0 5.0 ns

tasu Array clock setup time 0.8 2.0 4.0 ns

taH Array clock hold time 1.9 3.0 4.0 ns

tacor Array clock to output delay C1=35pF 7.8 10.0 15.0 ns

tacH Array clock high time 3.0 4.0 6.0 ns

tacL Array clock low time 3.0 4.0 6.0 ns

teppw Minimum pulse width for clear |(2) 3.0 4.0 6.0 ns
and preset

tobH Output data hold time after C1=35pF (3) 1.0 1.0 1.0 ns
clock

tent Minimum global clock period 7.8 10.0 13.0 ns

font Maximum internal global clock | (4) 128.2 100.0 76.9 MHz
frequency

taCNT Minimum array clock period 7.8 10.0 13.0 ns

facnT Maximum internal array clock | (4) 128.2 100.0 76.9 MHz
frequency

fmax Maximum clock frequency (5) 166.7 125.0 100.0 MHz
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Figure 15 shows typical supply current versus frequency for MAX 7000S

devices.

Figure 15. Ig¢ vs. Frequency for MAX 70008 Devices (Part 1 of 2)
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Figure 15. Ig¢ vs. Frequency for MAX 70008 Devices (Part 2 of 2)
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Library for pin-out information.
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Figures 16 through 22 show the package pin-out diagrams for MAX 7000

devices.

Figure 16. 44-Pin Package Pin-Out Diagram

Package outlines not drawn to scale.
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The pin functions shown in parenthesis are only available in MAX 7000E and MAX 7000S devices.
JTAG ports are available in MAX 7000S devices only.
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Figure 18. 84-Pin Package Pin-Out Diagram

Package outline not drawn to scale.
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(3) JTAG ports are available in MAX 7000S devices only.
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Pins 6, 39, 46, and 79 are no-connect (N.C.) pins on EPM7096, EPM7160E, and EPM7160S devices.
The pin functions shown in parenthesis are only available in MAX 7000E and MAX 7000S devices.
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Figure 21. 192-Pin Package Pin-Out Diagram

Package outline not drawn to scale.
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Figure 22. 208-Pin Package Pin-Out Diagram
Package outline not drawn to scale.
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Notes:

Altera Corporation

65



MAX 7000 Programmable Logic Device Family Data Sheet

AITERAW

101 Innovation Drive
San Jose, CA 95134
(408) 544-7000
www.altera.com
Applications Hotline:
(800) 800-EPLD
Literature Services:
literature@altera.com

66

Copyright © 2005 Altera Corporation. All rights reserved. Altera, The Programmable Solutions Company,
the stylized Altera logo, specific device designations, and all other words and logos that are identified as
trademarks and/or service marks are, unless noted otherwise, the trademarks and service marks of Altera
Corporation in the U.S. and other countries. All other product or service names are the property of their re-
spective holders. Altera products are protected under numerous U.S. and foreign patents and pending
applications, maskwork rights, and copyrights. Altera warrants performance of its semiconductor products
to current specifications in accordance with Altera's standard warranty, but reserves the right to make chang-
es to any products and services at any time without notice. Altera assumes no responsibility or liability
arising out of the application or use of any information, product, or service described

herein except as expressly agreed to in writing by Altera Corporation. Altera customers NSal

are advised to obtain the latest version of device specifications before relying on any pub- —

lished information and before placing orders for products or services.

LS. EN ISO 9001

Altera Corporation



