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Table 3. MAX 7000B Maximum User I/O PinsNote (1)

Device 44-Pin 44-Pin| 48-Pin| 49-Pin | 100- | 100-Pin| 144- | 169-Pin| 208- | 256- | 256-Pin
PLCC| TRP TP | 0.8-mm| Pin | FineLing Pin |0.8-mm| Pin Pin |FineLing
2) Ultra | TRP BGA4) | TP Ultra | PRP BGA | BGA(4)
FineLing FineLing
BGA_3) BGA_3)

EPM7032B 3 3 3 3

EPM704B 3 3 40 41

EPM712B 41 4 4 104 104 100

EPM725B 4 120 141 14 14

EPM7512B 120 141 17 2f2 12
Notes:

@

(2
®

(O]

Weén the IEEE Std. 1149.1 (JTAG) interface is used for in-system programming or bo undary-scan testing, four 1/O
pins become JTAG pins.

Contact Altera for up-to-date informat ion on available device package options.

All 0.8-mm Ultra FineLine BGA packages are footprint-compatible via the SameFrame™ pin-out feature. Therefore,
designers can design a board to support a variety of devices, providing a flexible mi gration path across densities
and pin counts. Device migration is fully supported by Altera development tools. See BameFrame Pin-Outsion
page 14for more details.

All FineLine BGA packages are footprint-compatible via the SameFrame pin-out feature. Therefore, designers can
design a board to support a variety of devices, providing a flexible migration path across densities and pin counts.
Device migration is fully supported by Altera development tools. See BameFrame Pin-Outsion page 14 for more
details.

MAX 7000B devices use CMOS EEPRM cells to implement logic
functions. The user-configurable MAX 7000B architecture accommodates
a variety of independent combinatoria | and sequential logic functions.
The devices can be reprogrammed fa quick and efficient iterations
during design development and debug cycles, and can be programmed
and erased up to 100 times.

MAX 7000B devices contain 32 to 512 marocells that are combined into
groups of 16 macrocells, called logic array blocks (LABs). Each macrocell
has a programmable-AND/fixed- ORarray 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.
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Macrocells

The MAX 7000B macrocell can be indvidually configured for either
sequential or combinatorial logic op eration. The macrocell consists of
three functional blocks: the logic array, the prod uct-term select matrix,
and the programmable register. Figure 2 shows the MAX 7000B
macrocell.

Figure 2. MAX 7000B Macrocell
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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§ register preset, clock, and clock enable control
functions.

Two kinds of expander product te rms (expanders) are available to
supplement macrocell logic resources:

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

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

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

The Altera Compiler can automatically 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 ( tpexp). For example, if a macrocell requires 14 product
terms, the Compiler uses the five dedicated product terms within the
macrocell and allocates two sets ofparallel expanders;the first set
includes five product terms and the second set includes four product
terms, increasing the total delay by 2 x tpgxp.

Two groups of eight macrocells with in 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. in 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.

ABCh
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Figure 5. MAX 7000B PIA Routing

To LAB

PIA Signals

ke the routing delays of channel -based routing schemes in masked or
field-programmable gate arrays (FPGAS) are cumulative, variable, and
path-dependent, the MAX 7000B PIA has a predictable delay. The PIA
makes a designg timing pe rformance easy to predict.

I0 Control Block

The 1/0 control block allows each 1/O pin to be individually configured
for input, output, or bidirectional oper ation. 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 6 shows the 1/0
control block for MAX 7000B devices. The 1/O control block has

six or ten 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 6. 1/0 Control Block of MAX 7000B Devices
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Note:
(1) EPM7032B, EPM7064B, EPM7128B, and EPM7256B devices have six output enable signals. EPM7512B devices have
ten output enable signals.

Wén the tri-state buffer control is connected to ground, the output is
tri-stated (high impedance) and the 1/O pin can be used as a dedicated
input. Wén the tri-state buffer control is connectedto V. ¢, the output is
enabled.

The MAX 7000B architecture provides dual I/0O feedback, in which
macrocell and pin feedbacks are independent. ién an 1/O pin is
configured as an input, the associated macrocell can be used for buried
logic.

ABCh 13
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Programming Segnce

During in-system progra mming, instructions, addresses, and data are
shifted into the MAX 7000B device through the TDI input pin. Data is
shifted out through the TDO output pin and compared against the
expected data.

Programming a pattern into the device requires the following six ISP
stages. A stand-alone verification of a programmed pattern involves only
stages 1, 2, 5, and 6.

1. Enter ISP. The enter ISP stage ensures tht the 1/0O pins transition
smoothly from user mode to ISP mode. The enter ISP stage requires
1ms.

2. Check ID. Before any program or verify process, the silicon ID is
checked. The time required to read this silicon ID is relatively small
compared to the overall programming time.

3. Bulk Erase. Erasing the device in-system involves shifting in the
instructions to erase the device and applying one erase pulse of
100 ms.

4. Program. Programming the device in-system involves shifting in the
address and data and then applying the programming pulse to
program the EEPROM cells. Thisprocess is repeated for each
EEPROM address.

5. Verify. Verifying an Altera device in-system involves shifting in
addresses, applying the read pulse to verify the EEPROM cells, and
shifting out the data for comparis on. This process is repeated for
each EEPROM address.

6. Exit ISP. An exit ISP stage ensures tlat the I/O pins transition
smoothly from ISP mode to user mode. The exit ISP stage requires
1ms.

Programming Times

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

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

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.

ABCh
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By combining the pulse and shift ti mes 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 7000B Device

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

. . L, SYClprck
PROG = 'PPULSE" —5
frek

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 7000B device
can be calculated from the following formula:

Cyeley ek
YVER T twpuLsEt T
TCK
where: tygr = Verify time
typuLSE = Sum of the fixed times to verify the EEPROM cells
Cycleytck = Number of TCK cycles to verify a device

17
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Figure 8. MAX 7000B JTAG Waveforms
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Table 9 shows the JTAG timing parameters and values for MAX 7000B

devices.
Table 9. JTAG Timing Parameters & Values for MAX 7000B Devices
Note (1)

Synbol Parameter Min  Max Uni
tep TCK clock period 100 ns
ten TCK clock high time 50 ns
tor TCK clock low time 50 ns
ty TA port setup time 0 ns
ty TA port hold time 45 ns
teo TA port clock to output 2 ns
tg TA port high impedance to valid output 25 ns
tgy TA port valid output to high impedance 25 ns
ty Capture register setup time 20 ns
ty Capture register hold time 45 ns
tgo Update register clock to output 25 ns
tg Update register high impedance to valid output 2% ns
tgz Update register valid output to high impedance 2% ns

Note:

(1) Timing parameters in this table apply to all V ¢¢|o levels.

21
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Table 10. MAX 7000B MultiVolt I/O Support
VeciodV) InptSignal ¥) OtptiSignal )
1.8 25 33 5.0 1.8 25 3.3 5.0
1. v
2.5 Vv
3.3 v

ABCh

Open-Drain OtpuOption

MAX 7000B devices provide an optional open-drain (equivalent to
open-collector) output for each I/O pi n. This open-drain output enables
the device to provide system-level control signals (e.g., interrupt and
write enable signals) that can be assereéd by any of several devices. It can
also provide an additional wired- OR plane.

Programmable GroadPins

Each unused I/O pin on MAX 7000B devi ces may be used as an additional
ground pin. This programmable grou nd feature does not require the use
of the associated macrocell;therefore, the buried macrocell is still
available for user logic.

SleviRate Control

The output buffer for each MAX 7000B 1/O pin has an adjustable output
slew rate that can be configured for low-noise or high-speed performance.
A faster slew rate provides high-sp eed transitions for high-performance
systems. However, these fast transtions may introduce noise transients
into the system. A slow slew rate reduces system noise, but adds a
nominal delay of 4 to 5 ns. Wén the co nfiguration cell is turned off, the
slew rate is set for low-noise performance. Each I/O pin has an individual
EEPROM bit that controls the slew rate, allowing designers to specify the
slew rate on a pin-by-pin basis. The slew rate control affects both the rising
and falling edges of the output signal.

AdancedO Standrdspport

The MAX 7000B 1/O pins support the following I/O standards:LVTTL,
LVCMOS, 1.8-V I/O, 2.5-V I/O, GTL+, SSTL-3 Class | and Il, and SSTL-2
Class | and II.
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Operating

Figure 11. MAX 7000B AC Test Conditions
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Tables 14through 17 provide information on absolute maximum ratings,
recommended operating conditions, operating conditions, and

C1 (includes ig
capacitance)

Contions capacitance for MAX 7000B devices.
Table 14. MAX 7000B Device Absolute Maximum Ratingslote (1)
Sybol Parameter Conitions Min Max Unit
Veenr | Supply voltage 0.5 3. 4
Veer Supply voltage 0.5 3. 74
v, DC input voltage 2) 2.0 4. 74
lyr DC output current, per pin 33 50 mA
Tsr Storage temperature b bias 5 150 C
Ty Ambient temperature Under bias 5 135 C
T unction temperature Under bias 5 135 c
28 AbCh
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Figure 12 shows the typical output driv e characteristics of MAX 7000B

devices.

Figure 12. Output Drive Chatadstics of MAX 7000B Devices
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Table 19. EPM7032B Internaiming Parameters ~ Notes (1)
Sybol Parameter Conttions Speedsrad Unit
-3.5 -5.0 -7.5
Min | Max| Min | Max | Min | Max
tN Input pad and buffer delay 0.3 05 0.7 ns
to | input pad and buffer delay 0.3 0.5 0.7 ns
teiN Fast input delay 09 1.3 2.0 ns
teIND Programmable delay adder for 1.0 1.5 1.5 ns
fast input
tsexp Shared expander delay 1.5 2.1 32 ns
tpexp Parallel expander delay 04 0. 0.9 ns
tLAD Logic array delay 14 2.0 3.1 ns
tLac Logic control array delay 1.2 1.7 2. ns
tioe Internal output enable delay 0.1 0.2 0.3 ns
tob1 utput buffer and pad delay C1 35pF 0.9 1.2 1 ns
slow slew rate off
tobs utput buffer and pad delay C1 35pF 5.9 2 ns
slow slew rate on
Vcc/ 25Vor3.3V
trx1 utput buffer enable delay C1 35pF 1. 2.2 34 ns
slow slew rate off
tzxa utput buffer enable delay C1 35 pF 7.2 4 ng
slow slew rate on
Vcc/ 25Vor3.3V
tyz utput buffer disable delay C1 b pF 1. 2.2 34 ns
tsu Register setup time 0.7 1.1 1. ns
ty Register hold time 04 05 09 ns
trsu Register setup time of fast input 0. 0. V.1 ns
ten Register hold time of fast input 1.2 1.2 14 ns
trD Register delay 0.5 0. 0.9 ns
tcoms Combinatorial delay 02 0.3 0.5 ns
tic Array clock delay 1.2 1. 2 ns
ten Register enable time 1.2 1.7 2. ns
teLoB lobal control delay 0.7 1.1 1. ns
tpre Register preset time 1.0 1.3 1.9 ns
tolr Register clear time 1.0 1.3 1.9 ns
teia PIA delay @ 0.7 1.0 14 | ns
t pa Low-power adder (4) 1.5 2.1 32 ns
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Table 23. EPM7064B Selectable I/0 Standéirding Adder Delays (Part 1 of 2) Note (1)

10 Standrd Parameter Speedsrad Unit
-3 -5 -7
Min | Max| Min | Max | Min | Max
3.3V TILCMS Inpyt to PIA 0.0 0.0 0.0 ns
Input to global clock and clear ).0 Q.0 00 ns
Input to fast input register 0.0 0.0 0.0 1
All outputs 0.0 0.0 0.0 ns
2.5V TILCMS Inpyt to PIA 0.3 0.4 0. ns
Input to global clock and clear ).3 0.4 0 ns
Input to fast input register 0.2 0.3 0.4 NS
All outputs 02 0.3 0.4 ns
1. VTTLCMS Input|to PIA 0.5 0.7 1.1 ns
Input to global clock and clear ).5 Q.7 i1 ns
Input to fast input register 04 0. 0{9 n
All outputs 1.2 1.7 2. ns
SSTL-2 Class | Imput to PIA .3 19 2 ns
Input to global clock and clear 2 17 2 ns
Input to fast input register 09 1.3 1.9 s
All outputs 0.0 0.0 0.0 ns
SSTL-2 Class 11 Input to PIA .3 19 2 ns
Input to global clock and clear 2 1.7 2 ns
Input to fast input register 0.9 1.3 1.9 NS
All outputs 0.1 0.1 02 ns
SSTL-3 Class | Imput to PIA 2 17 2 ns
Input to global clock and clear 0.9 13 119 ng
Input to fast input register 0. iy 117 nsg
All outputs 0.0 0.0 0.0 ns
SSTL-3 Class Il Input to PIA 2 17 2 ns
Input to global clock and clear 0.9 1.3 119 ns
Input to fast input register 0. I 117 n$
All outputs 0.0 0.0 0.0 ns
TL Ingut to PIA 1. 2.3 34 ns
Input to global clock and clear . 2.8 3.4 ns
Input to fast input register 1.5 0.1 B.2 1
All outputs 0.0 0.0 0.0 ns
ARCh a
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Table 26. EPM7128B Selectable I/0 StaddBiming Adder Delays (Part 2 of 2) Note (1)

10 Standrd Parameter SpeedGrad Unit
-4 -7 -10
Min | Max | Min | Max | Min | Max
PCI Input to PIA 0.0 0.0 0.0 ns
Input to global clock and clear 0.0 9.0 00 ne
Input to fast input register 0.0 0.0 0.0 NS
All outputs 0.0 0.0 0.0 ns

Notes to tables:
(1) These values are specified under the Recommended Operaing Conditions in Table 15 on page 29 SeeFigure 14 for
more information on switching waveforms.

(2) These values are specified for a PIAfan-out of one LAB (16 macrocells). For each additional LAB fan-out in these
devices, add an additional 0.1 ns to the PIA timing value.

(3) Measured with a 16-bit loadable, enabled, up/down counter programmed into each LAB.

(4) Thet pp parameter must be added to thet op, t| ac, tic: tacLs teppw: tens @nd tsgxp parameters for macrocells
running in low-power mode.

8 ABCh
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Table 29. EPM7256B Selectable I/0 Standéirding Adder Delays (Part 2 of 2) Note (1)

10 Standrd Parameter Speedsrad Unit
-5 -7 -10
Min | Max| Min | Max | Min | Max
PCI Input to PIA 0.0 0.0 0.0 ns
Input to global clock and clear 0.0 Q.0 00 ns
Input to fast input register 0.0 0.0 0.0 1
All outputs 0.0 0.0 0.0 ns

Notes to tables:

(1) These values are specified under theRecommended Operating Conditions in Table 15 on page 29 SeeFigure 14 for
more information on switching waveforms.

(2) These values are specified for a PIA fan-out of one LAB(16 macrocells). For each additional LAB fan-out in these
devices, add an additional 0.1 ns to the PIA timing value.

(3) Measured with a 16-bit loadable, enabled, up/down counter programmed into each LAB.

(4) Thet pp parameter must be added to the t_ ap, t ac. tic, tacyL, tcppws ten, and tsexp parameters for macrocells
running in low-power mode.
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Table 31. EPM7512B Internal Timing Parameters Note (1)

Sybol Parameter Conttions Speedsrad Unit
-5 -7 -10
Min | Max| Min | Max | Min | Max
tiN Input pad and buffer delay 0.3 0.3 0.5 ns
to | input pad and buffer delay 0.3 0.3 05 ns
tein Fast input delay 2.2 3.2 4.0 ns
trIND Programmable delay adder for 1.5 1.5 1.5 ns
fast input
tsexp Shared expander delay 1.5 2.1 2.7 ns
tpexP Parallel expander delay 04 0.5 0.7 ns
tLAD Logic array delay 1.7 2.3 3.0 ns
tLac Logic control array delay 1.5 2.0 2. ns
tioe Internal output enable delay 0.1 0.2 02 ns
top1 utput buffer and pad delay C1 35pF 09 1.2 1. ns
slow slew rate off
Voo 33V
tops utput buffer and pad delay C1 35pF 5.9 2 ns
slow slew rate on
VCC/ 25Vor33V
trx1 utput buffer enable delay C1 35pF 2. 3. 6.0 ns
slow slew rate off
Voo 33V
trxs utput buffer enable delay C1 35pF 7. 10(0 ng
slow slew rate on
VCC/ 25Vor33V
txz utput buffer disable delay C1 b pF 2. 3. 6.0 ns
tsu Register setup time 1.5 2.0 2. ns
ty Register hold time 0.4 0.5 0.7 ns
trsu Register setup time of fast input 0. 1.1 1.1 ns
te Register hold time of fast input 1.2 14 1.4 ns
trD Register delay 0.5 0.7 1.0 ns
tcoms Combinatorial delay 02 0.3 04 ns
tic Array clock delay 1. 24 3.1 ns
ten Register enable time 1.5 2.0 2. ns
teLoB lobal control delay 2.0 2. 3. ns
tprE Register preset time 1.0 14 1.9 ns
tolr Register clear time 1.0 14 1.9 ns
tpia PIA delay 2) 24 3.4 45 ns
t pa Low-power adder @) 2.0 2.7 3. ns
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Figure 17. cvs. Frequency for EPM7128B Devices
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Figure 18. {cvs. Frequency for EPM7256B Devices
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Device See the Altera web site ¢tp:.altera.co ) or the Altera Digital
. Library for pin-out information.
Pin-Ots

Figures 20through 29 show the package pin-out diagrams for
MAX 7000B devices.

Figure 20. 44-Pin PLCC/TQFP Package Pin-Out Diagram

Package outlines hdrawn to scale.
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Figure 23. 100-Pin TQFP Package Pin-Out Diagram

Package outline not drawn to scale.
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Figure 24. 100-Pin FineLine BGA Package Pin-Out Diagram

Package outline hdrawn to scale.
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Figure 29. 256-Pin FineLine BGA Package Pin-Out Diagram

Package outline not drawn to scale

Indicates

Location of
BallA1 | .

A1 Ball
Pad Corner
\
Al 0000000000000 000
8| 0000000000000 00O0
c| 000000000000 000O0
b| 0000000000000 00O0
El 0000000000000 00O0
Aln-m Fl 0000000000000 00O0
6| 0000000000000 00O0
H| 000000000000 000O0
1/ 0000000000000 00O0
EPM7128 k| 0000000000000 00O0
EPM7258 L| 0000000000000 00O0
EPM75128 M| 0000000000000 00O0
N 000000000000 0000
Pl 0000000000000 00O0
R| 0000000000000 O0O0O0
T/l 000000000000 000O0

1615141312 11 10 9 8 7 65

~

3

N}
-

Revision
History
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The information contained in the MAX 7000B Programmable Logic Device
Family Data Sheet version 3.5 supersedesnformation published in
previous versions.

Version 3.5

The following changes were made to the MAX 7000B Programmable Logic
Device Family Data Sheet version 3.5:

Updated Figure 28.

Version 3.4

The following changes were made to the MAX 7000B Programmable Logic
Device Family Data Sheet version 3.4:

Updated text in the Power Sequencing &lot-Socketingl  section.




