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MAX 7000 Programmable Logic Device Family Data Sheet

B 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, and VeriBest

B Programming support
- Altera’s Master Programming Unit (MPU) and programming

hardware from third-party manufacturers program all
MAX 7000 devices
—  The BitBlaster™ serial download cable, ByteBlasterMV™
parallel port download cable, and MasterBlaster™
serial /universal serial bus (USB) download cable program MAX

7000S devices
G ene ral The MAX 7000 family of high-density, high-performance PLDs is based
. g on Altera’s second-generation MAX architecture. Fabricated with
Desc" ptlon advanced CMOS technology, the EEPROM-based MAX 7000 family

provides 600 to 5,000 usable gates, ISP, pin-to-pin delays as fast as 5 nis,
and counter speeds of up to 175.4 MHz. MAX 7000S devices in the -5, -6,
-7, and -10 speed grades as well as MAX 7000 and MAX 7000E devices in
-5,-6,-7,-10P, and -12P speed grades comply with the PCI Special Interest
Group (PCI SIG) PCI Local Bus Specification, Revision 2.2. See Table 3
for available speed grades.

Table 3. MAX 7000 Speed Grades
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The MAX 7000 architecture supports 100% TTL emulation and
high-density integration of SSI, MSI, and LSI logic functions. The

MAX 7000 architecture easily integrates multiple devices ranging from
PALs, GALs, and 22V10s to MACH and pLSI devices. MAX 7000 devices
are available in a wide range of packages, including PLCC, PGA, PQFP,
RQFP, and TQFP packages. See Table 5.

Table 5. MAX 7000 Maximum User I/0 Pins  Note (1)

Device 44- | 44- | 44- | 68- | 84- | 100- | 100- | 160- | 160- | 192- | 208- | 208-
Pin Pin Pin Pin Pin | Pin Pin Pin Pin Pin Pin Pin
PLCC | PQFP | TQFP | PLCC | PLCC |PQFP| TQFP | PQFP | PGA | PGA | PQFP | RQFP

EPM7032 36 36 36

EPM7032S | 36 36

EPM7064 36 36 52 68 68

EPM7064S | 36 36 68 68

EPM7096 52 64 76

EPM7128E 68 84 100

EPM7128S 68 84 [84(2) 100

EPM7160E 64 84 104

EPM7160S 64 84 (2) | 104

EPM7192E 124 124

EPM7192S 124

EPM7256E 132 (2) 164 164

EPM7256S 164 (2) | 164

Notes:

(1) When the JTAG interface in MAX 7000S devices is used for either boundary-scan testing or for ISP, four I/O pins
become JTAG pins.

(2) Perform a complete thermal analysis before committing a design to this device package. For more information, see
the Operating Requirements for Altera Devices Data Sheet.

Altera Corporation

MAX 7000 devices use CMOS EEPROM cells to implement logic
functions. The user-configurable MAX 7000 architecture accommodates a
variety of independent combinatorial and sequential logic functions. The
devices can be reprogrammed for quick and efficient iterations during
design development and debug cycles, and can be programmed and
erased up to 100 times.
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The MAX 7000 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 EPM7032,
EPM7064, and EPM7096 devices.

Figure 1. EPM7032, EPM7064 & EPM7096 Device Block Diagram
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12

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 5 shows how shareable expanders
can feed multiple macrocells.

Figure 5. Shareable Expanders

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

Macrocell
Product-Term
Logic

Macrocell
Product-Term
Logic

36 Signals 16 Shared
from PIA Expanders
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.
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14

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

EPM7032, EPM7064 & EPM7096 Devices
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Note:
(1) The open-drain output option is available only in MAX 7000S devices.
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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:

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

B 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 7000S Device

The time required to program a single MAX 7000S 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 = TCKfrequency

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

CyCleVTCK
'vEr = 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 6 through 8 are associated
with the worst-case method using the enhanced ISP algorithm.

Table 6. MAX 70008 tpy, s¢ & Cyclercy Values
Device Programming Stand-Alone Verification

tppuLse () Cycleprck tvpurse () Cycleyrek
EPM7032S 4.02 342,000 0.03 200,000
EPM7064S 4.50 504,000 0.03 308,000
EPM7128S 5.11 832,000 0.03 528,000
EPM7160S 5.35 1,001,000 0.03 640,000
EPM7192S 5.71 1,192,000 0.03 764,000
EPM7256S 6.43 1,603,000 0.03 1,024,000

Tables 7 and 8 show the in-system programming and stand alone
verification times for several common test clock frequencies.

Table 7. MAX 70008 In-System Programming Times for Different Test Clock Frequencies

Device frex Units
10MHz | 5MHz | 2MHz | 1MHz | 500 kHz | 200 kHz | 100 kHz | 50 kHz
EPM7032S 4.06 4.09 4.19 4.36 471 5.73 7.44 10.86 s
EPM7064S 455 4.60 4.76 5.01 5.51 7.02 9.54 14.58 s
EPM7128S 5.19 5.27 5.52 5.94 6.77 9.27 13.43 21.75 s
EPM7160S 5.45 5.55 5.85 6.35 7.35 10.35 15.36 25.37 S
EPM7192S 5.83 5.95 6.30 6.90 8.09 11.67 17.63 29.55 s
EPM7256S 6.59 6.75 7.23 8.03 9.64 14.45 22.46 38.49 s

Table 8. MAX 70008 Stand-Alone Verification Times for Different Test Clock Frequencies

Device frek Units
10MHz | 5MHz | 2MHz | 1 MHz | 500 kHz | 200 kHz | 100 kHz | 50 kHz
EPM7032S 0.05 0.07 0.13 0.23 0.43 1.03 2.03 4.03 s
EPM7064S 0.06 0.09 0.18 0.34 0.64 157 3.11 6.19 s
EPM7128S 0.08 0.14 0.29 0.56 1.09 2.67 5.31 10.59 s
EPM7160S 0.09 0.16 0.35 0.67 1.31 3.23 6.43 12.83 s
EPM7192S 0.11 0.18 0.41 0.79 1.56 3.85 7.67 15.31 s
EPM7256S 0.13 0.24 0.54 1.06 2.08 5.15 10.27 20.51 s
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Notes to tables:

)
@

)]
*
®)

(6
@)
®)
©)
(10)
(11)
(12)

(13)

See the Operating Requirements for Altera Devices Data Sheet.

Minimum DC input voltage on I/O pins is -0.5 V and on 4 dedicated input pins is -0.3 V. During transitions, the
inputs may undershoot to —2.0 V or overshoot to 7.0 V for input currents less than 100 mA and periods shorter than
20 ns.

Numbers in parentheses are for industrial-temperature-range devices.

Vc must rise monotonically.

The POR time for all 7000S devices does not exceed 300 ps. The sufficient Vo voltage level for POR is 4.5 V. The
device is fully initialized within the POR time after Vet reaches the sufficient POR voltage level.

3.3-V 1/0 operation is not available for 44-pin packages.

The Vcigp parameter applies only to MAX 7000S devices.

During in-system programming, the minimum DC input voltage is 0.3 V.

These values are specified under the MAX 7000 recommended operating conditions in Table 14 on page 26.

The parameter is measured with 50% of the outputs each sourcing the specified current. The Iopy parameter refers
to high-level TTL or CMOS output current.

The parameter is measured with 50% of the outputs each sinking the specified current. The I parameter refers to
low-level TTL, PCI, or CMOS output current.

When the JTAG interface is enabled in MAX 7000S devices, the input leakage current on the JTAG pins is typically
—60 uA.

Capacitance is measured at 25° C and is sample-tested only. The CE1 pin has a maximum capacitance of 20 pF.

Figure 11 shows the typical output drive characteristics of MAX 7000
devices.

Figure 11. Output Drive Characteristics of 5.0-V MAX 7000 Devices
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Timing Model

28

MAX 7000 device timing can be analyzed with the Altera software, with a
variety of popular industry-standard EDA simulators and timing
analyzers, or with the timing model shown in Figure 12. MAX 7000
devices have fixed internal delays that enable the designer to determine
the worst-case timing of any design. The Altera software provides timing
simulation, point-to-point delay prediction, and detailed timing analysis
for a device-wide performance evaluation.

Altera Corporation
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Figure 12. MAX 7000 Timing Model
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(1)  Only available in MAX 7000E and MAX 7000S devices.
(2) Not available in 44-pin devices.

The timing characteristics of any signal path can be derived from the
timing model and parameters of a particular device. External timing
parameters, which represent pin-to-pin timing delays, can be calculated
as the sum of internal parameters. Figure 13 shows the internal timing
relationship of internal and external delay parameters.

«e®
Timing).

Altera Corporation
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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 20. MAX 7000 & MAX 7000E Internal Timing Parameters  Note (1)
Symbol Parameter Conditions | Speed Grade -6 | Speed Grade -7 | Unit
Min Max Min Max
N Input pad and buffer delay 0.4 0.5 ns
tio 1/0 input pad and buffer delay 0.4 0.5 ns
trIN Fast input delay 2) 0.8 1.0 ns
tsexp Shared expander delay 3.5 4.0 ns
trEXP Parallel expander delay 0.8 0.8 ns
tL AD Logic array delay 2.0 3.0 ns
tLac Logic control array delay 2.0 3.0 ns
tioe Internal output enable delay 2) 2.0 ns
top1 Output buffer and pad delay C1=35pF 2.0 2.0 ns
Slow slew rate = off, Voo = 5.0V
top2 Output buffer and pad delay C1=35pF (7) 25 25 ns
Slow slew rate = off, Voo = 3.3V
tops Output buffer and pad delay C1=35pF (2 7.0 7.0 ns
Slow slew rate = on,
Veeio =5.0Vor33V
tzx1 Output buffer enable delay C1=35pF 4.0 4.0 ns
Slow slew rate = off, Vo =5.0 V
tzxo Output buffer enable delay C1=35pF (7) 45 4.5 ns
Slow slew rate = off, Voo = 3.3V
tzx3 Output buffer enable delay C1=35pF (2) 9.0 9.0 ns
Slow slew rate = on
Vecio=50Vor33Vv
txz Output buffer disable delay Cl=5pF 4.0 4.0 ns
tsu Register setup time 3.0 3.0 ns
ty Register hold time 15 2.0 ns
tesu Register setup time of fast input 2) 25 3.0 ns
ten Register hold time of fast input 2) 0.5 0.5 ns
trD Register delay 0.8 1.0 ns
tcoms Combinatorial delay 0.8 1.0 ns
tic Array clock delay 25 3.0 ns
ten Register enable time 2.0 3.0 ns
tgLoB Global control delay 0.8 1.0 ns
tprE Register preset time 2.0 2.0 ns
tcr Register clear time 2.0 2.0 ns
tpia PIA delay 0.8 1.0 ns
tpa Low-power adder (8) 10.0 10.0 ns
32 Altera Corporation
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Table 25. MAX 7000 & MAX 7000E External Timing Parameters  Note (1)
Symbol Parameter Conditions Speed Grade Unit
-15 -15T -20
Min | Max | Min | Max | Min | Max

tpp1 Input to non-registered output | C1 = 35 pF 15.0 15.0 20.0 ns

tpp2 1/0 input to non-registered C1=35pF 15.0 15.0 20.0 ns
output

tsy Global clock setup time 11.0 11.0 12.0 ns

thy Global clock hold time 0.0 0.0 0.0 ns

tesu Global clock setup time of fast |(2) 3.0 - 5.0 ns
input

tEH Global clock hold time of fast | (2) 0.0 - 0.0 ns
input

tcor Global clock to output delay C1=35pF 8.0 8.0 12.0 ns

tch Global clock high time 5.0 6.0 6.0 ns

teL Global clock low time 5.0 6.0 6.0 ns

tasu Array clock setup time 4.0 4.0 5.0 ns

taH Array clock hold time 4.0 4.0 5.0 ns

tacor Array clock to output delay C1=235pF 15.0 15.0 20.0 ns

tacH Array clock high time 6.0 6.5 8.0 ns

tacL Array clock low time 6.0 6.5 8.0 ns

teppw Minimum pulse width for clear | (3) 6.0 6.5 8.0 ns
and preset

tobH Output data hold time after C1=35pF (4) 1.0 1.0 1.0 ns
clock

tenT Minimum global clock period 13.0 13.0 16.0 ns

font Maximum internal global clock | (5) 76.9 76.9 62.5 MHz
frequency

taCNT Minimum array clock period 13.0 13.0 16.0 ns

facnT Maximum internal array clock | (5) 76.9 76.9 62.5 MHz
frequency

fmax Maximum clock frequency (6) 100 83.3 83.3 MHz
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Table 26. MAX 7000 & MAX 7000E Internal Timing Parameters  Nofe (1)
Symbol Parameter Conditions Speed Grade Unit
-15 -15T -20
Min | Max | Min | Max | Min | Max
N Input pad and buffer delay 2.0 2.0 3.0 ns
tio 1/0 input pad and buffer delay 2.0 2.0 3.0 ns
tEN Fast input delay 2) 2.0 - 4.0 ns
tsexp Shared expander delay 8.0 10.0 9.0 ns
tpExP Parallel expander delay 1.0 1.0 2.0 ns
t AD Logic array delay 6.0 6.0 8.0 ns
tac Logic control array delay 6.0 6.0 8.0 ns
tioe Internal output enable delay () 3.0 - 4.0 ns
top1 Output buffer and pad delay C1=235pF 4.0 4.0 5.0 ns
Slow slew rate = off
Vccio =50V
top2 Output buffer and pad delay C1=235pF (7) 5.0 - 6.0 ns
Slow slew rate = off
Vccio =33V
tops Output buffer and pad delay C1=35pF (2) 8.0 - 9.0 ns
Slow slew rate = on
Vecio=5.0Vor33v
trx1 Output buffer enable delay C1=35pF 6.0 6.0 10.0 ns
Slow slew rate = off
Veeio =50V
tzxo Output buffer enable delay C1=35pF (7) 7.0 - 11.0 ns
Slow slew rate = off
Veeio =33V
tzx3 Output buffer enable delay C1=35pF (2) 10.0 - 14.0 ns
Slow slew rate = on
Vecio=50Vor3.3V
txz Output buffer disable delay Cl=5pF 6.0 6.0 10.0 ns
tsu Register setup time 4.0 4.0 4.0 ns
th Register hold time 4.0 4.0 5.0 ns
tesu Register setup time of fast input | (2) 2.0 - 4.0 ns
ten Register hold time of fast input | (2) 2.0 - 3.0 ns
trD Register delay 1.0 1.0 1.0 ns
tcoms Combinatorial delay 1.0 1.0 1.0 ns
tc Array clock delay 6.0 6.0 8.0 ns
ten Register enable time 6.0 6.0 8.0 ns
tcLoB Global control delay 1.0 1.0 3.0 ns
tprE Register preset time 4.0 4.0 4.0 ns
tclr Register clear time 4.0 4.0 4.0 ns
tpia PIA delay 2.0 2.0 3.0 ns
tpa Low-power adder 8) 13.0 15.0 15.0 ns
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Figure 14 shows typical supply current versus frequency for
MAX 7000 devices.

Figure 14. Ig¢ vs. Frequency for MAX 7000 Devices (Part 1 of 2)
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Figure 14. Ig¢ vs. Frequency for MAX 7000 Devices (Part 2 of 2)
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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 17. 68-Pin Package Pin-Out Diagram

Package outlines not drawn to scale.
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Notes:
(1)  The pin functions shown in parenthesis are only available in MAX 7000E and MAX
7000S devices.

(2) JTAG ports are available in MAX 7000S devices only.
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Figure 19. 100-Pin Package Pin-Out Diagram

Package outline not drawn to scale.
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Figure 20. 160-Pin Package Pin-Out Diagram
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