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Table 2. MAX 3000A Speed Grades
Device Speed Grade

-4 -5 -6 -7 -10
EPM3032A v v v
EPM3064A v v v
EPM3128A v v v
EPM3256A v v
EPM3512A v v

The MAX 3000A architecture supports 100% transistor-to-transistor logic
(TTL) emulation and high—density small-scale integration (SSI),
medium-scale integration (MSI), and large-scale integration (LSI) logic
functions. The MAX 3000A architecture easily integrates multiple devices
ranging from PALs, GALs, and 22V10s to MACH and pLSI devices.
MAX 3000A devices are available in a wide range of packages, including
PLCC, PQFP, and TQFP packages. See Table 3.

Table 3. MAX 3000A Maximum User I/0 Pins  Note (1)
Device 44-Pin | 44-Pin | 100-Pin | 144-Pin | 208-Pin | 256-Pin
PLCC TQFP TQFP TQFP PQFP | FineLine
BGA
EPM3032A 34 34
EPM3064A 34 34 66
EPM3128A 80 96 98
EPM3256A 116 158 161
EPM3512A 172 208
Note:

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

MAX 3000A devices use CMOS EEPROM cells to implement logic
functions. The user—configurable MAX 3000A 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 debugging cycles, and can be
programmed and erased up to 100 times.
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Figure 1. MAX 3000A Device Block Diagram
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EPM3032A, EPM3064A, EPM3128A, and EPM3256A devices have six output enables. EPM3512A devices have
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Logic Array Blocks

The MAX 3000A 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:

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

B Global controls that are used for secondary register functions
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Macrocells

MAX 3000A macrocells can be individually configured for either
sequential or combinatorial logic operation. Macrocells consist of three
functional blocks: logic array, product-term select matrix, and
programmable register. Figure 2 shows a MAX 3000A macrocell.

Figure 2. MAX 3000A 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
OR and 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:

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

B 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.

6 Altera Corporation
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For registered functions, each macrocell flipflop can be individually
programmed to implement D, T, JK, or SR operation with programmable
clock control. The flipflop can be bypassed for combinatorial operation.
During design entry, the designer specifies the desired flipflop type; the
Altera development system software then selects the most efficient
flipflop operation for each registered function to optimize resource
utilization.

Each programmable register can be clocked in three different modes:

B Global clock signal mode, which achieves the fastest clock—to—output
performance.

B Global clock signal enabled by an active-high clock enable. A clock
enable is generated by a product term. This mode provides an enable
on each flipflop while still achieving the fast clock-to—output
performance of the global clock.

B Array clock implemented with a product term. In this mode, the
flipflop can be clocked by signals from buried macrocells or I/O pins.

Two global clock signals are available in MAX 3000A devices. As shown
in Figure 1, these global clock signals can be the true or the complement of
either of the two global clock pins, GCLK1 or GCLK2.

Each register also supports asynchronous preset and clear functions. As
shown in Figure 2, the product—term select matrix allocates product terms
to control these operations. Although the product-term-driven preset
and clear from the register are active high, active-low control can be
obtained by inverting the signal within the logic array. In addition, each
register clear function can be individually driven by the active-low
dedicated global clear pin (GCLRn).

All registers are cleared upon power-up. By default, all registered outputs
drive low when the device is powered up. You can set the registered
outputs to drive high upon power-up through the Quartus® II software.
Quartus II software uses the NOT Gate Push-Back method, which uses an
additional macrocell to set the output high. To set this in the Quartus II
software, go to the Assignment Editor and set the Power-Up Level
assignment for the register to High.
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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 OR logic, with five product terms provided by the macrocell and
15 parallel expanders provided by neighboring macrocells in the LAB.

The Altera development system 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 (tpgxp). 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 x tppxp.

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.
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Figure 4. MAX 3000A 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 3000A 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 two-input AND gate,
which selects a PIA signal to drive into the LAB.

Altera Corporation
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Figure 5. MAX 3000A 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 3000A
PIA has a predictable delay. The PIA makes a design’s 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. AllI/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 I/O
control block for MAX 3000A devices. The I/O control block has 6 or

10 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/0O macrocells.

1
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The programming times described in Tables 4 through 6 are associated
with the worst-case method using the enhanced ISP algorithm.

Table 4. MAX 3000A tPULSE & Gyclem( Values
Device Programming Stand-Alone Verification

tppuLsE () Cycleprck typurse () Cycleyrck
EPM3032A 2.00 55,000 0.002 18,000
EPM3064A 2.00 105,000 0.002 35,000
EPM3128A 2.00 205,000 0.002 68,000
EPM3256A 2.00 447,000 0.002 149,000
EPM3512A 2.00 890,000 0.002 297,000

Tables 5 and 6 show the in-system programming and stand alone
verification times for several common test clock frequencies.

Table 5. MAX 3000A In-System Programming Times for Different Test Clock Frequencies

Device frek Units
10MHz | 5MHz | 2MHz | 1 MHz | 500 kHz | 200 kHz | 100 kHz | 50 kHz
EPM3032A 2.01 2.01 2.03 2.06 2.11 2.28 2.55 3.10 s
EPM3064A 2.01 2.02 2.05 2.11 2.21 2.53 3.05 4.10 s
EPM3128A 2.02 2.04 2.10 2.21 2.41 3.03 4.05 6.10 s
EPM3256A 2.05 2.09 2.23 2.45 2.90 4.24 6.47 10.94 s
EPM3512A 2.09 2.18 2.45 2.89 3.78 6.45 10.90 19.80 s
Table 6. MAX 3000A Stand-Alone Verification Times for Different Test Clock Frequencies
Device Frex Units
10MHz | 5MHz | 2MHz | 1 MHz | 500 kHz | 200 kHz | 100 kHz | 50 kHz
EPM3032A 0.00 0.01 0.01 0.02 0.04 0.09 0.18 0.36 s
EPM3064A 0.01 0.01 0.02 0.04 0.07 0.18 0.35 0.70 s
EPM3128A 0.01 0.02 0.04 0.07 0.14 0.34 0.68 1.36 s
EPM3256A 0.02 0.03 0.08 0.15 0.30 0.75 1.49 2.98 s
EPM3512A 0.03 0.06 0.15 0.30 0.60 1.49 2.97 5.94 s

16
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Figure 7 shows the timing information for the JTAG signals.

Figure 7. MAX 3000A JTAG Waveforms
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Table 10 shows the JTAG timing parameters and values for MAX 3000A

devices.

Table 10. JTAG Timing Parameters & Values for MAX 3000A Devices
Symbol Parameter Min | Max | Unit
ticp TCK clock period 100 ns
ticH TCK clock high time 50 ns
ticL TCK clock low time 50 ns
typsu JTAG port setup time 20 ns
typH 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
tyssu Capture register setup time 20 ns
tysH 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

19
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Operating

Figure 8. MAX 3000A AC Test Conditions
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Tables 12 through 15 provide information on absolute maximum ratings,
recommended operating conditions, DC operating conditions, and

Conditions capacitance for MAX 3000A devices.
Table 12. MAX 3000A Device Absolute Maximum Ratings  Notfe (1)

Symbol Parameter Conditions Min Max Unit
Vee Supply voltage With respect to ground (2) -0.5 4.6 \'

Vi DC input voltage -2.0 5.75 \Y

lout DC output current, per pin -25 25 mA
Tsta Storage temperature No bias —65 150 °C

Ta Ambient temperature Under bias -65 135 °C

Ty Junction temperature PQFP and TQFP packages, under bias 135 °C
22 Altera Corporation
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Table 13. MAX 3000A Device Recommended Operating Conditions

Symbol Parameter Conditions Min Max Unit
Veeint | Supply voltage for internal logic and | (70) 3.0 3.6 \
input buffers
Veeio Supply voltage for output drivers, 3.0 3.6 \Y
3.3-V operation
Supply voltage for output drivers, 2.3 2.7 \
2.5-V operation
Vecisp | Supply voltage during ISP 3.0 3.6 \Y
A Input voltage (3) -0.5 5.75 Vv
Vo Output voltage 0 Veeio Vv
Ta Ambient temperature Commercial range 0 70 °C
Industrial range -40 85 °C
Ty Junction temperature Commercial range 0 90 °C
Industrial range (711) —40 105 °C
tr Input rise time 40 ns
tr Input fall time 40 ns
Table 14. MAX 3000A Device DC Operating Conditions  Note (4)
Symbol Parameter Conditions Min Max Unit
Vi High—level input voltage 1.7 5.75 \
VL Low—level input voltage -0.5 0.8 \Y
VoH 3.3-V high—level TTL output lon=—8mADC, Vg0 =3.00V (5) 24 \
voltage
3.3-V high-level CMOS output lon =—0.1 MADC, Vgcio=3.00V (5) Vceio— 0.2 \Y
voltage
2.5-V high-level output voltage loy =-100 pA DC, Vg0 =230V (5) 2.1 \
lon=-1mADC, Vggi0=2.30V (5) 2.0 \"
lon=—2mADC, Vggi0=2.30V (5) 1.7 \"
VoL 3.3-V low-level TTL output voltage | lo,. = 8 mA DC, Vcgio =3.00 V (6) 0.4 \
3.3-V low—level CMOS output loL =0.1 mA DC, Vg0 =3.00 V (6) 0.2 \"
voltage
2.5-V low-level output voltage loL =100 pA DC, Vg0 =2.30V (6) 0.2 Vv
loo=1mADC, Vggi0=2.30V (6) 0.4 \Y
loo=2mADC, Vggi0=2.30V (6) 0.7 \
I Input leakage current V,=-0.5t05.5V (7) -10 10 HA
loz Tri—state output off-state current V,=-0.5t05.5V (7) -10 10 HA
Risp Value of 1/O pin pull-up resistor Vceio =2.3t03.6V (8) 20 74 kQ
when programming in—-system or
during power—up
Altera Corporation 23
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Timing Model

MAX 3000A 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 10. MAX 3000A
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.

Figure 10. MAX 3000A Timing Model
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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 11 shows the timing relationship
between internal and external delay parameters.
26
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Figure 11. MAX 3000A Switching Waveforms
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Table 19. EPM3064A Internal Timing Parameters (Part10f2)  Notfe (1)

Symbol Parameter Conditions Speed Grade Unit
-4 -1 -10
Min | Max | Min | Max | Min | Max
by Input pad and buffer delay 0.6 1.1 1.4 ns
to 1/0 input pad and buffer 0.6 1.1 1.4 ns
delay
tsexp Shared expander delay 1.8 3.0 3.9 ns
tpexp Parallel expander delay 0.4 0.7 0.9 ns
b ap Logic array delay 15 2.5 3.2 ns
bac Logic control array delay 0.6 1.0 1.2 ns
toe Internal output enable delay 0.0 0.0 0.0 ns
top1 Output buffer and pad C1=35pF 0.8 1.3 1.8 ns
delay, slow slew rate = off
Vecio=3.3V
top2 Output buffer and pad C1=35pF 1.3 1.8 2.3 ns
delay, slow slew rate = off
Vecio=25V
tops Output buffer and pad C1=35pF 5.8 6.3 6.8 ns

delay, slow slew rate = on
VCClO =25Vor33V

tox1 Output buffer enable delay, |C1 =35 pF 4.0 4.0 5.0 ns
slow slew rate = off

toxo Output buffer enable delay, |C1 =35 pF 45 4.5 5.5 ns
slow slew rate = off

tox3 Output buffer enable delay, |C1 = 35 pF 9.0 9.0 10.0 ns
slow slew rate = on
Voc|o =25Vor33V

txz Output buffer disable delay |C1 =5 pF 4.0 4.0 5.0 ns
tsy Register setup time 1.3 2.0 2.9 ns
ty Register hold time 0.6 1.0 1.3 ns
trp Register delay 0.7 1.2 1.6 ns
tcoms | Combinatorial delay 0.6 0.9 1.3 ns
te Array clock delay 1.2 1.9 2.5 ns
ten Register enable time 0.6 1.0 1.2 ns
tgroB Global control delay 1.0 1.5 22 ns
toge Register preset time 1.3 2.1 2.9 ns

Altera Corporation 31



MAX 3000A Programmable Logic Device Family Data Sheet

Table 19. EPM3064A Internal Timing Parameters (Part2 of2)  Note (1)

Symbol Parameter Conditions Speed Grade Unit
-4 -1 -10
Min | Max | Min | Max | Min | Max
teir Register clear time 1.3 2.1 2.9 ns
tpia PIA delay 2) 1.0 1.7 2.3 ns
b pa Low—power adder (5) 3.5 4.0 5.0 ns

Table 20. EPM3128A 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 1/0 input to non— C1=35pF 5.0 7.5 10 ns
registered output 2)

tsu Global clock setup 2) 3.3 4.9 6.6 ns
time

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

tco1 Global clock to output |C1 =35 pF 1.0 3.4 1.0 5.0 1.0 6.6 ns
delay

tcy Global clock high time 2.0 3.0 4.0 ns

tcL Global clock low time 2.0 3.0 4.0 ns

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

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

taco1 Array clock to output |C1 =35 pF 1.0 4.9 1.0 71 1.0 9.4 ns
delay )

tacH Array clock high time 2.0 3.0 4.0 ns

tacL Array clock low time 2.0 3.0 4.0 ns

tcppw | 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 ), (4) 192.3 129.9 98.0 MHz
global clock frequency

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

32 Altera Corporation
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Table 20. EPM3128A External Timing Parameters  Note (1)
Symbol Parameter Conditions Speed Grade Unit
-5 =7 -10
Min Max Min Max Min Max
facNT Maximum internal 2), (4) 192.3 129.9 98.0 MHz
array clock frequency
Table 21. EPM3128A Internal Timing Parameters (Part 10f2)  Note (1)
Symbol Parameter Conditions Speed Grade Unit
-5 -7 -10
Min | Max | Min | Max | Min | Max
by Input pad and buffer delay 0.7 1.0 1.4 ns
to 1/0 input pad and buffer 0.7 1.0 1.4 ns
delay
tsexp Shared expander delay 2.0 2.9 3.8 ns
teexp Parallel expander delay 0.4 0.7 0.9 ns
b ap Logic array delay 1.6 2.4 3.1 ns
bac Logic control array delay 0.7 1.0 1.3 ns
toe Internal output enable delay 0.0 0.0 0.0 ns
topt Output buffer and pad C1=35pF 0.8 1.2 1.6 ns
delay, slow slew rate = off
Veeip =33V
top2 Output buffer and pad C1=35pF 1.3 1.7 2.1 ns
delay, slow slew rate = off
tops Output buffer and pad C1=35pF 5.8 6.2 6.6 ns
delay, slow slew rate = on
Vcc|o =25Vor33V
toxt Output buffer enable delay, |C1 = 35 pF 4.0 4.0 5.0 ns
slow slew rate = off
Vecio =33V
toxo Output buffer enable delay, |C1 =35 pF 45 4.5 5.5 ns
slow slew rate = off
Vecio=25V
toxs Output buffer enable delay, | C1 = 35 pF 9.0 9.0 10.0 ns
slow slew rate = on
VCClO =25Vor33V
txz Output buffer disable delay |C1 =5 pF 4.0 4.0 5.0 ns
Altera Corporation 33
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Table 21. EPM3128A Internal Timing Parameters (Part2 of2)  Note (1)
Symbol Parameter Conditions Speed Grade Unit
-5 -7 -10
Min | Max | Min | Max | Min | Max
tsy Register setup time 1.4 2.1 2.9 ns
ty Register hold time 0.6 1.0 1.3 ns
trp Register delay 0.8 1.2 1.6 ns
tcoms | Combinatorial delay 0.5 0.9 1.3 ns
te Array clock delay 1.2 1.7 2.2 ns
teny Register enable time 0.7 1.0 1.3 ns
tcLoB Global control delay 1.1 1.6 2.0 ns
tpRE Register preset time 1.4 2.0 2.7 ns
teir Register clear time 1.4 2.0 2.7 ns
tpia PIA delay 2) 1.4 2.0 2.6 ns
b pa Low—power adder (5) 4.0 4.0 5.0 ns
Table 22. EPM3256A External Timing Parameters  Note (1)
Symbol Parameter Conditions Speed Grade Unit
-7 -10
Min Max Min Max
tpp1 Input to non-registered C1=35pF (2) 7.5 10 ns
output
tpp2 1/0 input to non—registered |C1 =35 pF (2) 7.5 10 ns
output
tsu Global clock setup time 2) 5.2 6.9 ns
ty Global clock hold time 2) 0.0 0.0 ns
tco1 Global clock to output C1=235pF 1.0 4.8 1.0 6.4 ns
delay
tch Global clock high time 3.0 4.0 ns
tcL Global clock low time 3.0 4.0 ns
tasu Array clock setup time @) 27 3.6 ns
tan Array clock hold time @) 0.3 0.5 ns
taco1 Array clock to output delay | C1 = 35 pF (2) 1.0 7.3 1.0 9.7 ns
tacH Array clock high time 3.0 4.0 ns
tacL Array clock low time 3.0 4.0 ns
tcppw Minimum pulse width for | (3) 3.0 4.0 ns
clear and preset
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Table 22. EPM3256A External Timing Parameters  Note (1)

Symbol Parameter Conditions Speed Grade Unit
-1 -10
Min Max Min Max
tent Minimum global clock @) 7.9 10.5 ns
period
fonT Maximum internal global 2), (4) 126.6 95.2 MHz
clock frequency
tacnT Minimum array clock @) 7.9 10.5 ns
period
facnT Maximum internal array @), (4) 126.6 95.2 MHz
clock frequency
Table 23. EPM3256A Internal Timing Parameters (Part 10f2)  Note (1)
Symbol Parameter Conditions Speed Grade Unit
-7 -10
Min Max Min Max
tn Input pad and buffer delay 0.9 1.2 ns
to I/0 input pad and buffer delay 0.9 1.2 ns
tsexp Shared expander delay 2.8 3.7 ns
teexp Parallel expander delay 0.5 0.6 ns
b ap Logic array delay 2.2 2.8 ns
bac Logic control array delay 1.0 1.3 ns
toe Internal output enable delay 0.0 0.0 ns
topt Output buffer and pad delay, C1=35pF 1.2 1.6 ns
slow slew rate = off
Vecio=3.3V
topz Output buffer and pad delay, C1=35pF 1.7 21 ns
slow slew rate = off
tops Output buffer and pad delay, C1=35pF 6.2 6.6 ns
slow slew rate = on
Vcc|o =25Vor33V
tox1 Output buffer enable delay, slow |C1 = 35 pF 4.0 5.0 ns
slew rate = off Vg0 =3.3V
toxo Output buffer enable delay, slow |C1 = 35 pF 4.5 5.5 ns
slew rate = off Vcc|o =25V
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Figure 12. Igc vs. Frequency for MAX 3000A Devices
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Version 3.3

The following changes were made in the MAX 3000A Programmable Logic
Device Data Sheet version 3.3:

Updated Tables 3, 13, and 26.

Added Tables 4 through 6.

Updated Figures 12 and 13.

Added “Programming Sequence” on page 14 and “Programming
Times” on page 14

Version 3.2

The following change were made in the MAX 3000A Programmable Logic
Device Data Sheet version 3.2:

B Updated the EPM3512 I versus frequency graph in Figure 13.

Version 3.1

The following changes were made in the MAX 3000A Programmable Logic
Device Data Sheet version 3.1:

B Updated timing information in Table 1 for the EPM3256A device.
B Updated Note (10) of Table 15.
Version 3.0

The following changes were made in the MAX 3000A Programmable Logic
Device Data Sheet version 3.0:

B Added EPM3512A device.
B Updated Tables 2 and 3.
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