fAEI ERA 5. DC and Switching Characteristics

Introduction

System designers must consider the recommended DC and switching conditions
discussed in this chapter to maintain the highest possible performance and reliability
of the MAX®II devices. This chapter contains the following sections:

m “Operating Conditions” on page 5-1
m “Power Consumption” on page 5-8

m “Timing Model and Specifications” on page 5-8

Operating Conditions

Table 5-1 through Table 5-12 provide information about absolute maximum ratings,
recommended operating conditions, DC electrical characteristics, and other
specifications for MAX II devices.

Absolute Maximum Ratings
Table 5-1 shows the absolute maximum ratings for the MAXII device family.

Table 5-1. MAX || Device Absolute Maximum Ratings (Note 1), (2)

Symbol Parameter Conditions Minimum Maximum Unit
Veemr Internal supply voltage (3) With respect to ground -0.5 46 V
Veeio I/0 supply voltage — -0.5 46 V
\ DC input voltage — -0.5 46 V
lout DC output current, per pin (4) — -25 25 mA
Tere Storage temperature No bias —65 150 °C
Tams Ambient temperature Under bias (5) —65 135 °C
T, Junction temperature TQFP and BGA packages — 135 °C

under bias

Notes to Table 5-1:

(1) Refer to the Operating Requirements for Altera Devices Data Sheet.

(2) Conditions beyond those listed in Table 5-1 may cause permanent damage to a device. Additionally, device operation at the absolute maximum
ratings for extended periods of time may have adverse affects on the device.

(3) Maximum Veewr for MAX 11 devices is 4.6 V. For MAX 11G and MAX IIZ devices, it is 2.4 V.

(4) Referto AN 286: Implementing LED Drivers in MAX & MAX I Devices for more information about the maximum source and sink current for
MAX Il devices.

(5) Refer to Table 5-2 for information about “under bias” conditions.
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Recommended Operating Conditions

Table 5-2 shows the MAX II device family recommended operating conditions.

Table 5-2. MAX Il Device Recommended Operating Conditions

Symbol Parameter Conditions Minimum Maximum | Unit
Veenr (7) | 3.3-V supply voltage for internal logic and | MAX Il devices 3.00 3.60 V
ISP
2.5-V supply voltage for internal logic and MAX Il devices 2.375 2.625 v
ISP
1.8-V supply voltage for internal logic and MAX 11G and MAX 11Z 1.71 1.89 vV
ISP devices
Veeo (1) Supply voltage for 1/0 buffers, 3.3-V — 3.00 3.60 V
operation
Supply voltage for I/0 buffers, 2.5-V — 2.375 2.625 V
operation
Supply voltage for 1/0 buffers, 1.8-V — 1.71 1.89 V
operation
Supply voltage for I/0 buffers, 1.5-V — 1.425 1.575 V
operation
\'A Input voltage (2), (3), (4) -0.5 4.0 v
Vo Output voltage — 0 Veeo v
T, Operating junction temperature Commercial range 0 85 °C
Industrial range -40 100 °C
Extended range (5) -40 125 °C

Notes to Tahle 5-2:
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MAX Il device in-system programming and/or user flash memory (UFM) programming via JTAG or logic array is not guaranteed outside the
recommended operating conditions (for example, if brown-out occurs in the system during a potential write/program sequence to the UFM,
users are recommended to read back UFM contents and verify against the intended write data).

Minimum DC input is —0.5 V. During transitions, the inputs may undershoot to —2.0 V for input currents less than 100 mA and periods shorter
than 20 ns.

During transitions, the inputs may overshoot to the voltages shown in the following table based upon input duty cycle. The DC case is equivalent
to 100% duty cycle. For more information about 5.0-V tolerance, refer to the Using MAX 11 Devices in Multi-Voltage Systems chapter in the
MAX Il Device Handbook.

Vi Max. Duty Cycle

40V 100% (DC)

41 90%
4.2 50%
4.3 30%
4.4 17%
4.5 10%

All pins, including clock, I/0, and JTAG pins, may be driven before Veenr and Vo are powered.

For the extended temperature range of 100 to 125° C, MAX || UFM programming (erase/write) is only supported via the JTAG interface. UFM
programming via the logic array interface is not guaranteed in this range.

MAX Il Device Handbook © August 2009 Altera Corporation
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Programming/Erasure Specifications

Table 5-3 shows the MAX II device family programming/erasure specifications.

Table 5-3. MAX |l Device Programming/Erasure Specifications

Parameter

Typical

Maximum

Unit

Erase and reprogram cycles

100 (1)

Cycles

Note to Table 5-3:
(1) This specification applies to the UFM and configuration flash memory (CFM) blocks.

DC Electrical Characteristics
Table 5-4 shows the MAX II device family DC electrical characteristics.

Table 5-4. MAX Il Device DC Electrical Characteristics (Nofe 1) (Part 1 of 2)

Symbol Parameter Conditions Minimum | Typical | Maximum Unit
I, Input pin leakage Vi =Vgomaxto 0OV (2) -10 — 10 HA
current
loz Tri-stated 1/0 pin Vo =Veomaxto 0V (2) -10 — 10 PA
leakage current
loosTannay Veenr SUPPlY current MAX I devices — 12 — mA
(standby) (3) MAX 11G devices — 2 — mA
EPM240Z (Commercial — 25 90 pA
grade) (4)
EPM240Z (Industrial — 25 139 HA
grade) (5)
EPM570Z (Commercial — 27 96 HA
grade) (4)
EPM570Z (Industrial — 27 152 HA
grade) (5)
Vscumrr (6) | Hysteresis for Schmitt | Vego=3.3V — 400 — mV
trigger inpUt (7) VCC\0= 25V _ 190 _ mv
lecpowerup Veenr SUPPIY current MAX |1 devices — 55 — mA
during power-up (6)  ["\AX 11G and MAX 11Z — 40 — mA
devices
ReuiLue Value of I/0 pin pull-up | Veao=3.3V (9) 5 — 25 kQ
resistor during user Veao = 2.5V (9) 10 _ 40 kO
mode and in-system
programming Vewo=1.8V (9) 25 — 60 kQ
Vccm: 15V (9) 45 — 95 kQ
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Table 5-4. MAX Il Device DC Electrical Characteristics (Nofe 1) (Part 2 of 2)

Symbol Parameter Conditions Minimum | Typical | Maximum Unit
louLLue I/0 pin pull-up resistor — — — 300 HA
current when 1/0 is
unprogrammed
Co Input capacitance for — — — 8 pF
user /0 pin
Cecvk Input capacitance for — — — 8 pF

dual-purpose
GCLK/user 1/0 pin

Notes to Table 5-4:

(1)
)
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Typical values are for Ty = 25°C, Vegyr = 3.3 0r2.5V, and Vg =1.5V,1.8V, 2.5V, 0r3.3 V.

This value is specified for normal device operation. The value may vary during power-up. This applies for all Ve Settings (3.3, 2.5,
1.8,and 1.5V).

V= ground, no load, no toggling inputs.
Commercial temperature ranges from 0°C to 85°C with maximum current at 85°C.
Industrial temperature ranges from —40°C to 100°C with maximum current at 100°C.

This value applies to commercial and industrial range devices. For extended temperature range devices, the Vseuwirr typical value is
300 mV for Ve = 3.3 Vand 120 mV for Vego = 2.5 V.

The TCK input is susceptible to high pulse glitches when the input signal fall time is greater than 200 ns for all I/0 standards.
This is a peak current value with a maximum duration of tgoure time.
Pin pull-up resistance values will lower if an external source drives the pin higher than Vgo.

MAX Il Device Handbook © August 2009 Altera Corporation
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Output Drive Characteristics
Figure 5-1 shows the typical drive strength characteristics of MAX II devices.

Figure 5-1. Output Drive Characteristics of MAX Il Devices
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Note to Figure 5-1:
(1) The DC output current per pin is subject to the absolute maximum rating of Table 5-1.

I/0 Standard Specifications
Table 5-5 through Table 5-10 show the MAX Il device family I/O standard

specifications.
Table 5-5. 3.3-V LVTTL Specifications

Symbol Parameter Conditions Minimum Maximum Unit
Veeio I/0 supply voltage — 3.0 3.6 v
Viy High-level input voltage — 1.7 4.0 v
Vi Low-level input voltage — -05 0.8 v
Vou High-level output voltage | I0H =—-4 mA (7) 2.4 — V
Voo Low-level output voltage IOL=4mA (1) — 0.45 V

Table 5-6. 3.3-V LVCMOS Specifications (Part 1 of 2)

Symbol Parameter Conditions Minimum Maximum Unit
Voo I/0 supply voltage — 3.0 3.6 v
Viy High-level input voltage — 1.7 4.0 \Y
Vi Low-level input voltage — -0.5 0.8 V

© August 2009

Altera Corporation

MAX 11 Device Handbook


http://www.altera.com/literature/hb/max2/max2_mii5v1.pdf

5-6

Chapter 5: DC and Switching Characteristics
Operating Conditions

Table 5-6. 3.3-V LVCMOS Specifications (Part 2 of 2)

Symbol Parameter Conditions Minimum Maximum Unit
Vou High-level output voltage Veao = 3.0, Veoo — 0.2 — V
IOH=-0.1mA (1)
Voo Low-level output voltage Veeo = 3.0, — 0.2 Vv
IOL=0.1mA (1)
Table 5-7. 2.5-V I/0 Specifications
Symbol Parameter Conditions Minimum Maximum Unit
Veeio I/0 supply voltage — 2.375 2.625 V
Vi High-level input voltage — 1.7 4.0 V
Vi Low-level input voltage — -0.5 0.7 V
Vou High-level output voltage | 10H =-0.1 mA (1) 2.1 — v
IOH =-1mA (1) 2.0 — v
IOH=-2 mA (1) 1.7 — v
Vo Low-level output voltage [OL=0.1mA (1) — 0.2 vV
IOL=1mA(7) — 0.4 v
IOL=2mA(7) — 0.7 v
Table 5-8. 1.8-V I/0 Specifications
Symhol Parameter Conditions Minimum Maximum Unit
Veao I/0 supply voltage — 1.71 1.89 V
Vi High-level input voltage — 0.65 x Vego 2.25 (2) v
V. Low-level input voltage — -0.3 0.35 x Vo v
Vou High-level output voltage [OH =-2 mA (1) Veeo— 0.45 — v
Vo Low-level output voltage IOL=2mA (1) — 0.45 v
Table 5-9. 1.5-V I/0 Specifications
Symbol Parameter Conditions Minimum Maximum Unit
Veao I/0 supply voltage — 1.425 1575 v
Vi High-level input voltage — 0.65 x Veao Voo + 0.3 (2) V
Vi Low-level input voltage — -0.3 0.35 x Vigo v
Vou High-level output voltage [OH=-2mA (1) 0.75 x Voo — \Y
Vo Low-level output voltage IOL=2mA (1) — 0.25 x Veeo vV

Notes to Table 5-5 through Table 5-9:

(1) This specification is supported across all the programmable drive strength settings available for this I/0 standard, as shown
inthe MAX Il Architecture chapter (1/0 Structure section) in the MAX Il Device Handbook.

(2) This maximum V reflects the JEDEC specification. The MAX Il input buffer can tolerate a V,y maximum of 4.0, as specified
by the V, parameter in Table 5-2.

MAX Il Device Handbook © August 2009 Altera Corporation
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Table 5-10. 3.3-V PCI Specifications (Nofe 1)

Symbol Parameter Conditions Minimum Typical Maximum Unit

voltage

\ High-levelinput — 0.5 x Vgo Voo + 0.5 v
voltage

Vi Low-level input — 05 0.3 x Voo V
voltage

VOH ngh-|eve| IOH = _500 uA 09 X VCCIO - V
output voltage

Vo Low-level IOL =1.5mA 0.1 x Vicio v
output voltage

Note to Table 5-10:

(1) 3.3-V PCI I/0 standard is only supported in Bank 3 of the EPM1270 and EPM2210 devices.

Bus Hold Specifications

Table 5-11 shows the MAX II device family bus hold specifications.

Table 5-11. Bus Hold Specifications

V.o Level
1.5V 1.8V 25V 3.3V

Parameter Conditions Min | Max | Min | Max | Min | Max | Min | Max | Unit
Low sustaining | Viy> V. (maximum) | 20 — 30 — 50 — 70 — pA
current
High sustaining | Vi<V, (minimum) | 20 | — | -30 | — | =50 | — | =70 | — | pA
current
current
High overdrive 0V < Vi< Vego — |-160| — |-200| — |[-300| — |-500| pA
current
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Power-Up Timing

Table 5-12 shows the power-up timing characteristics for MAX II devices.

Tahle 5-12. MAX Il Power-Up Timing

Symbol Parameter Device Min Typ Max Unit
toonrie (1) The amount of time from when | EPM240 — — 200 us
minimum VCCINT is reached until EPM570 _ _ 300 s
the device enters user mode (2)
EPM1270 — — 300 us
EPM2210 — — 450 us

Notes to Table 5-12:

(1) Table 5-12 values apply to commercial and industrial range devices. For extended temperature range devices, the teonrie maximum values are

as follows:

Device Maximum

EPM240 300 ps

EPM570 400 ps

EPM1270 400 ps

EPM2210 500 ps

(2) Formoreinformation about POR trigger voltage, refer to the Hot Socketing and Power-On Resetin MAX 11 Devices chapter in the MAX I Device
Handbook.
Power Consumption
Designers can use the Altera® PowerPlay Early Power Estimator and PowerPlay
Power Analyzer to estimate the device power.
-

For more information about these power analysis tools, refer to the Understanding and
Evaluating Power in MAX II Devices chapter in the MAX II Device Handbook and the
PowerPlay Power Analysis chapter in volume 3 of the Quartus II Handbook.

Timing Model and Specifications

MAX Il Device Handbook

MAX II devices timing can be analyzed with the Altera Quartus® II software, a variety
of popular industry-standard EDA simulators and timing analyzers, or with the
timing model shown in Figure 5-2.

MAX II 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.

© August 2009 Altera Corporation
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Figure 5-2. MAX Il Device Timing Model

INPUT
1/0 Pin § E Y

Output and Output Enable
Data Delay

Data-Out

| |
trs [
4
> <+ topr
A i | [
Data-In/LUT Chain » 108
User ﬁb Logic Element ) Output Routing Output
Flash LUT Delay c4 Delay Delay
Memory f t ¢ t
CoMB > FASTIO oD
t
Vol Del Input Routing . teo tii @ /O Pi
nput Delay ol Delay Reglleeerl(a:;mm\ tsy — /O Pin
tn toL b N
tF—’RE
[CLR
LN A
A
> From Adjacent LE
GLOB o
< C Path Delay
Global Input Delay To Adjacent LE Register Delays

Preliminary and Final Timing

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.

Handbook for more information.

Refer to the Understanding Timing in MAX Il Devices chapter in the MAX II Device

This section describes and specifies the performance, internal, external, and UFM
timing specifications. All specifications are representative of the worst-case supply
voltage and junction temperature conditions.

Timing models can have either preliminary or final status. The Quartus II software
issues an informational message during the design compilation if the timing models
are preliminary. Table 5-13 shows the status of the MAXII device timing models.

Preliminary status means the timing model is subject to change. Initially, timing
numbers are created using simulation results, process data, and other known
parameters. These tests are used to make the preliminary numbers as close to the
actual timing parameters as possible.

Final timing numbers are based on actual device operation and testing. These
numbers reflect the actual performance of the device under the worst-case voltage
and junction temperature conditions.

Table 5-13. MAX |l Device Timing Model Status  (Part 1 of 2)
Device Preliminary Final
EPM240 — v
EPM240Z (1) — v
EPM570 — v
EPM570Z (1) — v

© August 2009 Altera Corporation
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Table 5-13. MAX Il Device Timing Model Status ~ (Part 2 of 2)
Device Preliminary Final

EPM1270 — v

EPM2210 — v

Note to Table 5-13:

(1) The MAX I1Z device timing models are only available in the Quartus |1 software

version 8.0 and later.

Performance

Table 5-14 shows the MAXII device performance for some common designs. All
performance values were obtained with the Quartus II software compilation of

megafunctions. Performance values for -3, -4, and -5 speed grades are based on an
EPM1270 device target, while -6, -7, and -8 speed grades are based on an EPM570Z
device target.

Table 5-14. MAX Il Device Performance

Performance
Resources Used MAX Il / MAX IIG MAX iz
-3 -4 -5 -6 -7 -8
Resource | Design Size and UFM | Speed | Speed | Speed | Speed | Speed | Speed
Used Function Mode | LEs | Blocks | Grade | Grade | Grade | Grade | Grade | Grade | Unit
LE 16-bit counter (1) — 16 0 304.0 | 2475 | 201.1 | 184.1 | 1235 | 118.3 | MHz
64-hit counter (7) — 64 0 2015 | 154.8 | 125.8 | 832 832 | 80.5 | MHz
16-to-1 multiplexer — 11 0 6.0 8.0 93 17.4 173 | 20.4 ns
32-to-1 multiplexer — 24 0 741 9.0 11.4 12.5 228 | 253 ns
16-bit XOR function — 0 5.1 6.6 8.2 9.0 15.0 16.1 ns
16-bit decoder with — 0 5.2 6.6 8.2 9.2 150 | 16.1 ns
single address line
UFM 512 x 16 None 3 1 10.0 | 100 10.0 10.0 100 | 10.0 | MHz
512 x 16 SPI@2) | 37 1 8.0 8.0 8.0 9.7 9.7 9.7 | MHz
512 x 8 Parallel | 73 1 (4) 4) (4) (4) (4) (4) | MHz
(3)
512 x 16 lC (3) | 142 1 100 100 100 100 100 100 | kHz
(5) (5) (5) (5) (5) (5)

Notes to Table 5-14:

(
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MAX Il Device Handbook

1) This design is a binary loadable up counter.
This design is configured for read-only operation in Extended mode. Read and write ability increases the number of LEs used.
This design is configured for read-only operation. Read and write ability increases the number of LEs used.
This design is asynchronous.
The I°C megafunction is verified in hardware up to 100-kHz serial clock line (SCL) rate.

© August 2009 Altera Corporation
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Internal Timing Parameters

Internal timing parameters are specified on a speed grade basis independent of device
density. Table 5-15 through Table 5-22 describe the MAX II device internal timing
microparameters for logic elements (LEs), input/output elements (IOEs), UFM
blocks, and MultiTrack interconnects. The timing values for -3, 4, and -5 speed
grades shown in Table 5-15 through Table 5-22 are based on an EPM1270 device
target, while -6, -7, and -8 speed grade values are based on an EPM570Z device
target.

For more explanations and descriptions about each internal timing microparameters
symbol, refer to the Understanding Timing in MAX II Devices chapter in the MAX II

Device Handbook.
Table 5-15. LE Internal Timing Microparameters
MAX Il / MAX lIG MAX liz
-3 Speed | -4 Speed -5 Speed -6 Speed -7 Speed -8 Speed
Grade Grade Grade Grade Grade Grade

Symhol Parameter Min |Max | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Unit

tour LE combinational — | 571 | — | 742 — | 914 — | 1,215 | — 2,247 | — | 2,247 | ps
LUT delay

teoms Combinational — | 147 — | 192 | — | 236 — | 243 | — | 305 | — | 309 | ps
path delay

toun LE register clear 238 | — | 309 | — | 381 — | 401 — | 541 — | 545 | — | ps
delay

tore LE register preset | 238 | — | 309 | — | 381 — | 401 — | 541 — | 545 — | ps
delay

ts LE register setup | 208 | — | 271 — | 333| — |260| — (319 — | 321 — | ps
time before clock

ty LE register hold 0 — | 0 — 0 — 0 — 0 — 0 — | ps
time after clock

teo LE registerclock- | — [ 235 | — | 305 | — | 376 | — | 380 | — | 489 | — | 494 | ps
to-output delay

Yo Minimum clock 166 | — | 216 | — | 266 | — |[253| — |33 | — [339| — | ps
high or low time

tc Register control — |87 | — (1114 — 1372 | — [1,356 | — [1,722 | — | 1,741 | ps
delay

© August 2009 Altera Corporation
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Table 5-16. [OE Internal Timing Microparameters

MAX Il / MAX lIG MAX li2
-3 Speed —4 Speed -5 Speed -6 Speed -7 Speed -8 Speed
Grade Grade Grade Grade Grade Grade
Symbol Parameter Min | Max | Min | Max | Min | Max | Min | Max | Min| Max | Min | Max | Unit
trasio Data output delay — | 159 | — | 207 — | 254 | — | 170 | — | 348 — | 428 | ps
from adjacent LE
to 1/0 block
t I/0 input pad and — | 708 | — | 920 — [ 1132 — | 907 | — | 970 | — | 986 | ps
buffer delay
teos (7) | 1/0 input pad and — |1519| — (1974 | — | 2,430 — | 2261 | — | 2670 | — | 3,322 | ps
buffer delay used
as global signal pin
tioe Internally — | 3% | — | 374 — | 460 | — | 530 | — | 966 | — | 1,410 | ps
generated output
enable delay
to Inputrouting delay | — | 224 | — | 291 — | 358 | — | 318 | — | 410 — | 509 | ps
tw (2) | Outputdelaybuffer | — (1,064 | — [ 1383 | — [1,702| — [1,319| — | 1,526 | — | 1,543 | ps
and pad delay
tw (3) | Output buffer — | 7% | —| 982 | — |1,209| — |1,045| — | 1,264 | — | 1,276 | ps
disable delay
tx (4) | Output buffer — 1,003 —|[1303| — |1604| — |1,160 | — | 1,325 | — | 1,353 | ps
enable delay

Notes to Tahle 5-16:

(1) Delay numbers fortg.os differ for each device density and speed grade. The delay numbers for tg 08, Shown in Table 5-16, are based on an EPM240
device target.

(2) Referto Table 5-32 and 5-24 for delay adders associated with different 1/0 standards, drive strengths, and slew rates.
(3) Referto Table 5-19 and 5-14 for ty, delay adders associated with different I/0 standards, drive strengths, and slew rates.
(4) Referto Table 5-17 and 5-13 for t;x delay adders associated with different I/0 standards, drive strengths, and slew rates.

Table 5-17 through Table 5-20 show the adder delays for t,y and t,, microparameters
when using an I/O standard other than 3.3-V LVTTL with 16 mA drive strength.

Table 5-17. t; IOE Microparameter Adders for Fast Slew Rate (Part 1 of 2)

MAX Il / MAX IIG MAX 11z
-3 Speed -4 Speed -5 Speed -6 Speed -7 Speed -8 Speed
Grade Grade Grade Grade Grade Grade
Standard Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Unit
3.3-V LVTTL 16mA| — 0 — 0 — 0 — 0 — 0 — 0 ps
8mA | — 28 — 37 — 45 — | 72 — | 71 — | 74 ps
3.3-VLVCMOS | 8 mA | — 0 — 0 — 0 — | 0 — | 0 — | 0 ps
4mA | — 28 — 37 — 45 — | 72 — | 71 — | 74 ps
25-VLVTTL/ |14mA| — 14 — 19 — 23 — | 75 — | 87 — | 90 ps
LVCMOS 7mA | — | 314 | — (409 | — [ 503 [ — |62 — [ 174 | —[177 | ps
1.8-VLVTTL/ | 6 mA | — | 450 — | 585 — | 720 — | 2719 | — | 289 | — | 291 ps
LVCMOS 3mA | — [1443 | — [1876] — | 2309 | — | 499 | — [ 508 | — | 512 | ps

MAX Il Device Handbook © August 2009 Altera Corporation
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Table 5-17. tzx |OE Microparameter Adders for Fast Slew Rate (Part 2 of 2)

MAX Il / MAX liG MAX 11z
-3 Speed -4 Speed -5 Speed -6 Speed -7 Speed -8 Speed
Grade Grade Grade Grade Grade Grade
Standard Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Unit
1.5-VLVCMOS | 4mA | — | 1118 | — (1454 | — | 1789 | — | 580 | — | 588 | — | 588 ps
2mA | — [ 2410 | — [3133| — | 385 | — | 915 | — | 923 | — | 923 ps
3.3-V PCI 20mA| — 19 — 25 — 31 — | 72 — | — | 74 ps
Tahle 5-18. t; IOE Microparameter Adders for Slow Slew Rate
MAX 11 / MAX lIG MAX 11z
-3 Speed -4 Speed -5 Speed —6 Speed -7 Speed | -8 Speed
Grade Grade Grade Grade Grade Grade
Standard Min | Max |[Min| Max |Min| Max | Min | Max | Min | Max | Min | Max | Unit
3.3-V LVTTL 16mA| — | 630 | —| 6050 | — | 5749 | — [5951| — [5952| — | 6,063 | ps
8 mA — | 9,383 | —| 9,083 | — | 8782 | — |6534| — |6,533| — [6,662| ps
3.3-VLVCMOS | 8 mA — | 6,350 | — | 6,050 | — | 5749 | — | 5951 | — |5,952| — [6,063 | ps
4 mA — | 9383 | —| 9,083 | — 8,782 | — |6534| — |6,533| — [6,662 | ps
25-VLVTTL/ | 14mA | — | 10412 | — | 10112 | — | 9811 | — | 9110 | — | 9,105| — [9,237 | ps
LVCMOS 7mA | — [ 13613 | — | 13313 | — [13012] — [9:830 | — [9,835| — [9.977 | ps
3.3-V PCI 20mA | — -75 — | =97 — | -120 | — | 6534 | — |6,533| — | 6,662 | ps
Table 5-19. ty; IOE Microparameter Adders for Fast Slew Rate
MAX Il / MAX liG MAX 11Z
-3 Speed -4 Speed -5 Speed -6 Speed ~7 Speed -8 Speed
Grade Grade Grade Grade Grade Grade
Standard Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Unit
3.3-V LVTTL 16mA | — 0 — 0 — 0 — 0 — 0 — 0 ps
8 mA — | 56| =-|-2| -89 | — | 69| — | -69| — | 69 ps
3.3-VLVCMOS | 8 mA — 0 — 0 — 0 — 0 — 0 — 0 ps
4 mA — | 56| =-|-2| -89 | — | 69| — | -69| — | 69 ps
25-VLVTTL/ | 14mA | — -3 | — —4 — | -5 — -7 — | -1t | — | -1 ps
LVCMOS TmA | — | 47| — 61 | =] 5] —| 66| —=1]-0] — ] -70] ps
1.8-V LVTTL/ 6 mA — | 119 | — | 155 | — | 191 — 45 — | 34 — 37 ps
LVCMOS 3mA | — | 207 | — [ 269 | — [ 831 | — [ 34 | — ] 22 [ — ] 25 | ps
1.5-VLVCMOS | 4 mA — | 606 | — | 788 | — | 970 | — 166 | — | 154 | — | 155 ps
2 mA — | 673 | — | 875 | — |1,077| — 190 | — | 177 | — | 179 ps
3.3-V PCI 20mA | — 71 — 93 — | 114 | — | 69 | — | 69| — | 69 ps
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Tahle 5-20. ty; IOE Microparameter Adders for Slow Slew Rate

MAX Il / MAX IIG MAX 11z
-3 Speed -4 Speed -5 Speed —6 Speed -7 Speed -8 Speed
Grade Grade Grade Grade Grade Grade
Standard Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Unit
3.3-VLVTTL 16mA| — | 206 | — | -20 | — | 247 | — |1,433| — | 1,446 | — |1,454| ps
8mA | — | 891 | — | 665 | — | 438 | — |1,332| — |[1345| — | 1,348 | ps
3.3-VLVCMOS | 8mA | — | 206 | — | -20 | — |-247 | — |1,433| — |1,446 | — |1,454| ps
4mA | — | 891 | — | 665 | — | 438 | — |1,332| — |1,345| — | 1,348 | ps
2.5-V LVTTL/ 14mA| — | 22| — | 4 | — |-231| — | 213 | — | 208 | — | 213 | ps
LVCMOS 7mA | — [oa3 | — [ 717 | — 1[40 — [ 166 | — | 161 | — | 166 | ps
3.3-V PCI 20mA| — | 161 | — | 210 | — | 258 | — [1,332| — |[1,345| — [ 1,348 | ps

"=~ The default slew rate setting for MAX II devices in the Quartus II design software is
“fast”.

Table 5-21. UFM Block Internal Timing Microparameters (Part 1 of 3)

MAX 1l / MAX lIG MAX iz
-3Speed | -4Speed | -5Speed | -6 Speed | -7 Speed | -8 Speed
Grade Grade Grade Grade Grade Grade
Symbol Parameter Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Unit
tacw Addressregisterclock | 100 | — | 100 | — | 100 | — | 100 | — | 100 | — | 100 | — | ns
period
tasu Address register shift | 20 | — | 20 | — 20 | — | 20| — | 20| — |20 | — | ns

signal setup to
address register clock
tan Address registershift | 20 | — | 20 | — | 20 | — | 20 | — | 20 | — | 20 | — | ns
signal hold to address
register clock

tans Address registerdata | 20 | — | 20 | — 200 | — | 20| —| 20| — |20 | — | ns
in setup to address
register clock

taon Address registerdata | 20 | — | 20 | — 20 | — | 20| — | 20| — |20 | — | ns
in hold from address
register clock

tooik Data register clock 100 | — | 100 | — | 100 | — | 100 | — | 100 | — [ 100 | — | ns
period
toss Data register shift 60 | — | 60 | — 60 | — | 60 | — | 60 | — | 60 | — | ns

signal setup to data
register clock

tosw Data register shift 20| —| 20| —| 20| —| 20| — |20 — |20 | —] ns
signal hold from data
register clock
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Table 5-21. UFM Block Internal Timing Microparameters (Part 2 of 3)

Symbol

Parameter

MAX 11/ MAX lIG

MAX liZ

-3 Speed
Grade

-4 Speed | -5 Speed

Grade Grade

-6 Speed
Grade

-7 Speed
Grade

-8 Speed
Grade

Max | Min | Max | Min | Max

Max

Min | Max

Min | Max | Unit

tDDS

Data register data in
setup to data register
clock

20

— |20 | — | 20 | —

20

tDDH

Data register data in
hold from data
register clock

20

20

20 | —

20 | — | ns

Program signal to
data clock hold time

Maximum delay
between program
rising edge to UFM
busy signal rising
edge

90| — |960| — | 960

960

— | 960

— 1960 | ns

Minimum delay
allowed from UFM
busy signal going low
to program signal
going low

20

20

20 | —

20 | — | ns

topux

Maximum length of
busy pulse during a
program

00| — |[100| — | 100

100

— | 100

— | 100 | ps

Minimum erase signal
to address clock hold
time

Maximum delay
between the erase
rising edge to the
UFM busy signal
rising edge

90| — |960| — | 960

960

— | 960

— | 960 | ns

Minimum delay
allowed from the UFM
busy signal going low
to erase signal going
low

20

20

20 | —

20 | — | ns

tEPMX

Maximum length of
busy pulse during an
erase

500 | — |500| — | 500

500

— | 500

— | 500 | ms

tDCO

Delay from data
register clock to data
register output
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Table 5-21. UFM Block Internal Timing Microparameters (Part 3 of 3)

Parameter

MAX 11/ MAX G

MAX 11z

-3 Speed
Grade

-4 Speed
Grade

-5 Speed
Grade

-6 Speed | -7 Speed | -8 Speed
Grade Grade Grade

Max | Min

Max

Max

Min | Max | Min | Max | Min

Max

Unit

Delay from data
register clock to data
register output

180

180

180

180 | — | 180 | — | 180

ns

Maximum read
access time

65

65

65

65

ns

tOSCS

Maximum delay
between the
OSC_ENArTising
edge to the
erase/program signal
rising edge

250

250

250

250 | — | 250 | — | 250

ns

tOSC H

Minimum delay
allowed from the
erase/program signal
going low to
OSC_ENAsignal
going low

250

250

250

250 | — | 250 | — | 250

ns

Figure 5-3 through Figure 5-5 show the read, program, and erase waveforms for

UFM block timing parameters shown in Table 5-21.

Figure 5-3. UFM Read Waveforms
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Figure 5-4. UFM Program Waveforms
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Figure 5-5. UFM Erase Waveform
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Table 5-22. Routing Delay Internal Timing Microparameters

MAX Il / MAX IIG MAX 11Z
-3 Speed -4 Speed -5 Speed -6 Speed —7 Speed -8 Speed
Grade Grade Grade Grade Grade Grade
Routing Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Unit
tes — 429 — 556 — 687 — (1) — (1) — (1) ps
th — 326 — 423 — 521 — (1) — (1) — (1) ps
tioca — 330 — 429 — 529 — (1) — (1) — (1) ps

Note to Table 5-22:
(1) The numbers will only be available in a later revision.
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External Timing Parameters

External timing parameters are specified by device density and speed grade. All
external I/O timing parameters shown are for the 3.3-V LVITL I/O standard with the
maximum drive strength and fast slew rate. For external I/O timing using standards
other than LVTTL or for different drive strengths, use the I/ O standard input and
output delay adders in Table 5-27 through Table 5-31.

<o For more information about each external timing parameters symbol, refer to the
Understanding Timing in MAX II Devices chapter in the MAX II Device Handbook.

Table 5-23 shows the external I/O timing parameters for EPM240 devices.

Table 5-23. EPM?240 Global Clock External I/0 Timing Parameters  (Part 1 of 2)

MAX Il / MAX IIG MAX 11z

-3 Speed —4 Speed -5Speed | —6Speed | -7 Speed | -8 Speed
Grade Grade Grade Grade Grade Grade

Symbol | Parameter | Condition | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Unit

trps Worst case 10 pF — | 47 | — 6.1 — |75 | — |79 | —|120 | — | 140 | ns
pin-to-pin
delay
through 1
look-up table
(LUT)

tr2 Best case 10 pF — | 37 — 48 | — | 59 | — | 58 | — | 78 | — | 85 ns
pin-to-pin
delay
through
1 LUT

tsu Global clock — 17| — 2.2 — |27 — |24| — |41 | — |46 | — ns
setup time

ty Global clock — 0 — 0 — 0 — 0 — 0 — 0 — ns
hold time

teo Global clock 10 pF 20| 43 | 20| 56 |20| 69 (20| 66 |20 | 81 |20 | 86 ns
to output
delay

ten Global clock — 166 | — [216 | — |266| — |253| — |335| — [339| — ps
high time

to Global clock — 166 | — 216 | — |266| — |253| — |[335| — |339| — ps
low time

tont Minimum — 33| — 4.0 — |50 — | 54| — |81 — |84 | — ns
global clock
period for
16-bit
counter
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Table 5-23. EPM240 Global Clock External I/0 Timing Parameters  (Part 2 of 2)
MAX Il / MAX IIG MAX 112
-3 Speed -4 Speed -5Speed | -6Speed | -7 Speed | -8 Speed
Grade Grade Grade Grade Grade Grade
Symbol | Parameter | Condition | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Unit
Tonr Maximum — — 3040 | — | 2475 | — |2011 | — |184.1| — |1235| — |118.3 | MHz
global clock (1)
frequency for
16-bit
counter

Note to Table 5-23:

(1) The maximum frequency is limited by the I/0 standard on the clock input pin. The 16-bit counter critical delay performs faster than this global clock
input pin maximum frequency.

Table 5-24 shows the external I/O timing parameters for EPM570 devices.

Table 5-24. EPM570 Global Clock External I/0 Timing Parameters

(Part 1 of 2)

MAX Il / MAX llG MAX liz
-3 Speed —4 Speed -5 Speed —6 Speed —7Speed | -8 Speed
Grade Grade Grade Grade Grade Grade
Symbol Parameter Condition | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Unit
to1 Worst case pin-| 10 pF — | 54 | —| 70| — | 87 | — | 95 | — | 151 | — | 17.7 | ns
to-pin delay
through 1 look-
up table (LUT)
tope Best case pin- 10 pF — | 37 |— | 48 | — | 59 | — | 57 | — | 77 | — | 85 ns
to-pin delay
through 1 LUT
tsu Global clock — 12| — (15| — [19| — 22| — |39 | — |44 | — ns
setup time
ty Global clock — 0 — 0 — 0 — 0 — 0 — 0 — ns
hold time
teo Global clock to 10 pF 20| 45 | 20| 58 | 20| 71 |20 | 6.7 | 20| 82 (20| 87 ns
output delay
ton Global clock — 166 | — [216| — |[266 | — |253| — |335| — [339| — ps
high time
to Global clock — 166 | — [216| — |[266 | — |[263| — |335| — [339| — ps
low time
tonr Minimum — 33| — |40| — | 50| — |54 — 81| — |84 | — ns
global clock
period for
16-bit counter
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Table 5-24. EPM570 Global Clock External I/0 Timing Parameters  (Part 2 of 2)
MAX Il / MAX lIG MAX 112
-3 Speed —4 Speed -5 Speed —6 Speed —7Speed | -8 Speed
Grade Grade Grade Grade Grade Grade

Symbol Parameter Condition | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Unit
Tour Maximum — — | 3040 — |2475| — |2011| — |[1841| — |1235| — [118.3 | MHz

global clock (1)

frequency for

16-bit counter

Note to Table 5-24:

(1) The maximum frequency is limited by the 1/0 standard on the clock input pin. The 16-bit counter critical delay performs faster than this global clock input
pin maximum frequency.

Table 5-25 shows the external I/O timing parameters for EPM1270 devices.

Table 5-25. EPM1270 Global Clock External I/0 Timing Parameters

MAX Il / MAX lIG
-3 Speed Grade | -4 Speed Grade | -5 Speed Grade
Symbol Parameter Condition Min Max Min Max Min Max Unit
toos Worst case pin-to-pin 10 pF — 6.2 — 8.1 — 10.0 ns
delay through 1 look-up
table (LUT)
tone Best case pin-to-pin 10 pF — 3.7 — 48 — 59 ns
delay through 1 LUT
to Global clock setup time — 1.2 — 1.5 — 1.9 — ns
ty Global clock hold time — 0 — 0 — 0 — ns
teo Global clock to output 10 pF 2.0 4.6 2.0 59 2.0 7.3 ns
delay
ton Global clock high time — 166 — 216 — 266 — ps
to Global clock low time — 166 — 216 — 266 — ps
towr Minimum global clock — 3.3 — 4.0 — 5.0 — ns
period for
16-bit counter
fonr Maximum global clock — — 304.0 (1) — 247.5 — 2011 | MHz
frequency for 16-bit
counter

Note to Tabhle 5-25:

(1) The maximum frequency is limited by the I/0 standard on the clock input pin. The 16-bit counter critical delay performs faster than this global
clock input pin maximum frequency.
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Table 5-26 shows the external I/O timing parameters for EPM2210 devices.
Table 5-26. EPM2210 Global Clock External I/0 Timing Parameters
MAX 11 / MAX 11G
-3 Speed Grade | -4 Speed Grade | -5 Speed Grade
Symbol Parameter Condition | Min Max Min Max Min Max Unit
toos Worst case pin-to-pin delay 10 pF — 7.0 — 9.1 — 11.2 ns
through 1 look-up table
(LUT)
tons Best case pin-to-pin delay 10 pF — 3.7 — 48 — 59 ns
through 1 LUT
to Global clock setup time — 1.2 — 1.5 — 1.9 — ns
ty Global clock hold time — 0 — 0 — 0 — ns
teo Global clock to output delay 10 pF 2.0 4.6 2.0 6.0 2.0 7.4 ns
ton Global clock high time — 166 — 216 — 266 — ps
to Global clock low time — 166 — 216 — 266 — ps
tonr Minimum global clock — 3.3 — 4.0 — 5.0 — ns
period for
16-bit counter
fonr Maximum global clock — — 304.0 — 247.5 — 2011 MHz
frequency for 16-bit counter (1)

Note to Table 5-26:

(1) The maximum frequency is limited by the 1/0 standard on the clock input pin. The 16-bit counter critical delay performs faster than this global
clock input pin maximum frequency.

External Timing 1/0 Delay Adders

The I/O delay timing parameters for I/O standard input and output adders, and
input delays are specified by speed grade independent of device density.

Table 5-27 through Table 5-31 show the adder delays associated with I/O pins for all
packages. The delay numbers for -3, —4, and -5 speed grades shown in Table 5-27
through Table 5-33 are based on an EPM1270 device target, while -6, -7, and -8 speed
grade values are based on an EPM570Z device target. If an I/O standard other than
3.3-V LVTTL is selected, add the input delay adder to the external tg, timing
parameters shown in Table 5-23 through Table 5-26. If an I/O standard other than
3.3-V LVTTL with 16 mA drive strength and fast slew rate is selected, add the output
delay adder to the external t., and t,, shown in Table 5-23 through Table 5-26.

Table 5-27. External Timing Input Delay Adders (Part 1 of 2)

MAX Il / MAX lIG MAX liZ
-3Speed | -4Speed | -5Speed | -6Speed | -7Speed | -8 Speed
Grade Grade Grade Grade Grade Grade
1/0 Standard Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Unit
3.3-V LVTTL Without Schmitt | — 0 — 0 — 0 — 0 — 0 — 0 ps
Trigger
With Schmitt — | 334 | — | 434 | — | 535 | — | 387 | — | 434 | — | 442 | ps
Trigger
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Table 5-27. External Timing Input Delay Adders (Part 2 of 2)

MAX Il / MAX lIG MAX liz
-3Speed | -4Speed | -5Speed | -6Speed | -7Speed | -8 Speed
Grade Grade Grade Grade Grade Grade
1/0 Standard Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Unit
3.3-VLVCMOS | Without Schmitt | — 0 — 0 — 0 — 0 — 0 — 0 ps
Trigger
With Schmitt — | 334 | — | 434 | — | 535 | — | 387 | — | 434 | — | 442 | ps
Trigger
2.5-VLVTTL/ | WithoutSchmitt | — | 23 | — | 30 | — | 37 — | 42 | — | 43 | — | 43 | ps
LVCMOS Trigger
With Schmitt — [ 339 | — | 441 | — | 543 | — | 429 | — | 476 | — | 483 | ps
Trigger
1.8-VLVTTL/ | WithoutSchmitt | — | 291 | — | 378 | — | 466 | — [ 378 | — | 373 | — | 373 | ps
LVCMOS Trigger
1.5-V LVCMOS | WithoutSchmitt | — | 681 | — | 885 | — [ 1,090 | — [ 681 | — | 622 | — | 658 | ps
Trigger
3.3-V PCl Without Schmitt | — 0 — 0 — 0 — 0 — 0 — 0 ps
Trigger
Table 5-28. External Timing Input Delay ts.0s Adders for GCLK Pins
MAX Il / MAX lIG MAX liz
-3 Speed -4 Speed -5 Speed | —6Speed | -7 Speed -8 Speed
Grade Grade Grade Grade Grade Grade
1/0 Standard Min | Max | Min | Max | Min| Max | Min | Max | Min | Max | Min | Max | Unit
3.3-V LVTTL Without Schmitt | — 0 — 0 — 0 — 0 — 0 — 0 ps
Trigger
With Schmitt — | 308 | — | 400 | — | 493 | — [ 387 | — | 434 | — | 442 | ps
Trigger
3.3-VLVCMOS | Without Schmitt | — 0 — 0 — 0 — 0 — 0 — 0 ps
Trigger
With Schmitt — | 308 | — | 400 | — | 493 | — | 387 | — | 434 | — | 442 | ps
Trigger
2.5-VLVTTL/ | WithoutSchmitt | — | 21 — 27 | — | 33 — | 42 | — | 43 | — | 43 ps
LVCMOS Trigger
With Schmitt — | 4283 | — | 550 | — | 677 | — | 429 | — | 476 | — | 483 | ps
Trigger
1.8-VLVTTL/ | WithoutSchmitt | — | 353 | — | 459 | — | 565 | — | 378 | — | 373 | — | 373 | ps
LVCMOS Trigger
1.5-V LVCMOS | WithoutSchmitt | — | 855 | — | 1,111| — | 1368 | — | 681 | — | 622 | — | 658 | ps
Trigger
3.3-V PCl Without Schmitt | — 6 — 7 — 9 — 0 — 0 — 0 ps
Trigger
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Table 5-29. External Timing Output Delay and t,, Adders for Fast Slew Rate

MAX Il / MAX IIG MAX 1z
-3 Speed -4 Speed -5 Speed —6 Speed -7 Speed -8 Speed
Grade Grade Grade Grade Grade Grade
1/0 Standard Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Unit
3.3-V LVTTL 16mA | — 0 — 0 — 0 — 0 — 0 — 0 ps
8mA | — 65 — 84 — | 104 | — —6 — | 2 — -3 ps
3.3-VLVCMOS | 8mA | — 0 — 0 — 0 — 0 — 0 — 0 ps
4mA | — | 65 | — | 84 | — |14 | — | 6 | — | -2 | — | -3 ps
25-VLVITL/ |14mA | — | 122 | — | 158 | — | 199 | — | 63 | — | =71 | — | -88 ps
LVCMOS TmA | — [ 193 | — 251 [ —[s09 | —| 10 [ =] —=11"7]ps
1.8-VLVITL/ | 6mA | — | 568 | — | 738 | — [ 909 | — | 128 | — | 118 | — | 118 ps
LVCMOS 3mA | — | 654 | — | 850 | — | 1,046 — | 352 | — | 827 | — | 332 | ps
1.5-VLVCMOS | 4mA | — | 1,059 | — (1376 | — |1,694| — | 421 | — | 400 | — | 400 ps
2mA | — (1167 | — (1517 | — |1867| — | 757 | — | 743 | — | 743 ps
3.3-V PCI 20mA | — 3 — 4 — 5 — -6 — | 2 — -3 ps

Table 5-30. External Timing Output Delay and t,, Adders for Slow Slew Rate

MAX 11 / MAX IIG MAX 11z
-3 Speed -4 Speed -5 Speed -6 Speed -7 Speed -8 Speed
Grade Grade Grade Grade Grade Grade

I/0 Standard Min | Max |Min| Max |Min| Max | Min | Max | Min| Max | Min | Max | Unit
3.3-V LVTTL 16mA| — | 7064 | — | 6,745 | — | 6426 | — | 596 | — | 5,992 | — | 6,118 | ps
8mA | — | 7946 | — | 7627 | — | 7308 | — | 6541 | — | 6,570 | — | 6,720 | ps

3.3-VLVCMOS | 8mA | — | 7,064 | — | 6,745 | — | 6426 | — | 5966 | — | 5,992 | — | 6,118 | ps
4mA | — | 7946 | — | 7627 | — | 7308 | — | 6,541 | — | 6,570 | — | 6,720 | ps

2.5-VLVITL/ [(14mA| — |10434| — (10115 — | 9,796 | — | 9,141 | — | 9154 | — | 9,297 | ps
LVCMOS 7mA | — [11548] — [11,220] — [10,910] — [ 9861 | — | 9,874 | — [10,037] ps
1.8-VLVITL/ | 6mA | — |22,927 | — | 22,608 | — | 22,289 — |21,811| — | 21,854 | — | 21,857 | ps
LVCMOS 3mA | — [24731| — [24412] — [ 24,093 — [23,081| — [ 23034 | — [23,107] ps
1.5-VLVCMOS | 4mA | — |38,723 | — |38,404| — [38,085| — |39,121| — [39,124 | — | 39,124 | ps
2mA | — |41330| — (41,011 — |40,692| — |40,631| — |40,634 | — |40,634| ps

3.3-V PCI 20mA | — 261 — | 339 | — | 418 — | 6,644 | — | 6,627 | — | 6,914 | ps

© August 2009 Altera Corporation MAX I Device Handbook


http://www.altera.com/literature/hb/max2/max2_mii5v1.pdf

5-24 Chapter 5: DC and Switching Characteristics
Timing Model and Specifications

Table 5-31. MAX Il IOE Programmable Delays

MAX Il / MAX lIG MAX l1Z
-3 Speed -4 Speed -5 Speed -6 Speed -7 Speed -8 Speed
Grade Grade Grade Grade Grade Grade
Parameter Min | Max |Min| Max | Min | Max | Min | Max | Min | Max | Min | Max | Unit
Input Delay from Pin to — 1225 | — | 1592 | — (1960 — |1,838| — 2171 | — | 2214 | ps
Internal Cells = 1
Input Delay from Pin to — 89 — | 115 | — | 142 | — | %69 | — | 609 | — | 616 ps
Internal Cells =0

Maximum Input and Output Clock Rates

Table 5-32 and Table 5-33 show the maximum input and output clock rates for
standard I/O pins in MAX II devices.

Table 5-32. MAX Il Maximum Input Clock Rate for I/0

MAX 11/ MAX 11G MAX 11z
-3 Speed | -4Speed | -5Speed | -6 Speed | -7 Speed | -8 Speed

1/0 Standard Grade Grade Grade Grade Grade Grade Unit

3.3-V LVTTL Without Schmitt 304 304 304 304 304 304 MHz
Trigger

With Schmitt 250 250 250 250 250 250 MHz
Trigger

3.3-V LVCMOS Without Schmitt 304 304 304 304 304 304 MHz
Trigger

With Schmitt 250 250 250 250 250 250 MHz
Trigger

2.5-V LVTTL Without Schmitt 220 220 220 220 220 220 MHz
Trigger

With Schmitt 188 188 188 188 188 188 MHz
Trigger

2.5-V LVCMOS Without Schmitt 220 220 220 220 220 220 MHz
Trigger

With Schmitt 188 188 188 188 188 188 MHz
Trigger

1.8-V LVTTL Without Schmitt 200 200 200 200 200 200 MHz
Trigger

1.8-V LVCMOS Without Schmitt 200 200 200 200 200 200 MHz
Trigger

1.5-V LVCMOS Without Schmitt 150 150 150 150 150 150 MHz
Trigger

3.3-V PCI Without Schmitt 304 304 304 304 304 304 MHz
Trigger
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Table 5-33. MAX Il Maximum Qutput Clock Rate for I/0

MAX 11 / MAX IIG MAX 11z
-3 Speed -4 Speed -5 Speed —6 Speed -7 Speed | —8Speed

1/0 Standard Grade Grade Grade Grade Grade Grade
3.3-V LVTTL 304 304 304 304 304 304 MHz
3.3-V LVCMOS 304 304 304 304 304 304 MHz
2.5-V LVTTL 220 220 220 220 220 220 MHz
2.5-V LVCMOS 220 220 220 220 220 220 MHz
1.8-V LVTTL 200 200 200 200 200 200 MHz
1.8-V LVCMOS 200 200 200 200 200 200 MHz
1.5-V LVCMOS 150 150 150 150 150 150 MHz
3.3-V PCI 304 304 304 304 304 304 MHz

JTAG Timing Specifications
Figure 5-6 shows the timing waveforms for the JTAG signals.

Figure 5-6. MAX Il JTAG Timing Waveforms

s ( X X
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Table 5-34 shows the JTAG Timing parameters and values for MAX II devices.
Table 5-34. MAX Il JTAG Timing Parameters (Part 1 of 2)

Symbol Parameter Min Max Unit
tee (1) TCK clock period for Vg, = 3.3V 55.5 — ns
TCK clock period for Vg, =2.9V 62.5 — ns
TCK clock period for Vg, =1.8V 100 — ns
TCK clock period for Vg, = 1.5V 143 — ns
tien TCK clock high time 20 — ns
el TCK clock low time 20 — ns
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Table 5-34. MAX Il JTAG Timing Parameters (Part 2 of 2)

Symbol Parameter Min Max Unit
tipsu JTAG port setup time (2) 8 — ns
tion JTAG port hold time 10 — ns
tpoo JTAG port clock to output (2) — 15 ns
tipzx JTAG port high impedance to valid output (2) — 15 ns
trxe JTAG port valid output to high impedance (2) — 15 ns
tissu Capture register setup time 8 — ns
tisu Capture register hold time 10 — ns
tisco Update register clock to output — 25 ns
tiszx Update register high impedance to valid output — 25 ns
tisx Update register valid output to high impedance — 25 ns

Notes to Table 5-34:

(1)
)

Minimum clock period specified for 10 pF load on the TDOpin. Larger loads on TDO will degrade the maximum TCK

frequency.

This specification is shown for 3.3-V LVTTL/LVCMOS and 2.5-V LVTTL/LVCMOS operation of the JTAG pins. For 1.8-V
LVTTL/LVCMOS and 1.5-V LVCMOQS, the tesy minimum is 6 ns and tyeco, tiezx, and tex, are maximum values at 35 ns.

Referenced Documents

MAX Il Device Handbook

This chapter references the following documents:

m /O Structure section in the MAX II Architecture chapter in the MAX II Device

Handbook

m  Hot Socketing and Power-On Reset in MAX II Devices chapter in the MAX II Device

Handbook

m  Operating Requirements for Altera Devices Data Sheet

m  PowerPlay Power Analysis chapter in volume 3 of the Quartus II Handbook

m  Understanding and Evaluating Power in MAX Il Devices chapter in the MAX II Device

Handbook

m  Understanding Timing in MAX II Devices chapter in the MAX Il Device Handbook
m  Using MAX II Devices in Multi-Voltage Systems chapter in the MAX II Device

Handbook
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Table 5-35 shows the revision history for this chapter.
Table 5-35. Document Revision History (Part 1 of 2)
Date and Revision Changes Made Summary of Changes

August 2009, m Added Table 5-28, Table 5-29, and Table 5-30. Added information for
version 2.5 = Updated Table 5-2, Table 54, Table 5-14, Table 5-15, Table 5-16, | SPeed grade -8
Table 517, Table 518, Table 5-19, Table 5-20, Table 5-21,
Table 5-22, Table 5-23, Table 5-24, Table 5-27, Table 5-31,
Table 5-32, and Table 5-33.
November 2008, m Updated Table 5-2. —
version 2.4 » Updated “Internal Timing Parameters” section.
October 2008, m Updated New Document Format. —
version 2.3 = Updat ed Figure 5-1.
July 2008, m Updated Table 514, Table 5-23 , and Table 5-24. —
version 2.2
March 2008, m Added (Note 5) to Table 5-4. —
version 2.1
December 2007, m Updated (Note 3) and (4) to Table 5-1. Updated document with
version 2.0 = Updated Table 5-2 and added (Note 5) MAX 11Z information.
m Updated ICCSTANDBY and ICCPOWERUP information and added
IPULLUP information in Table 5-4.
m Added (Note 1) to Table 5-10.
m Updated Figure 5-2.
m Added (Note 1) to Table 5-13.
m Updated Table 5-13 through Table 5-24, and Table 5-27 through
Table 5-30.
m Added tCOMB information to Table 5-15.
m Updated Figure 5-6.
m Added “Referenced Documents” section.
December 2006, m Added note to Table 5-1. —
version 1.8 = Added document revision history.
July 2006, = Minor content and table updates. —
version 1.7
February 2006, m Updated “External Timing I/0 Delay Adders” section. —
version 1.6 = Updated Table 5-29.
m Updated Table 5-30.
November 2005, m Updated Tables 5-2, 5-4, and 5-12. —
version 1.5
August 2005, m Updated Figure 5-1. —
version 1.4

Updated Tables 5-13, 5-16, and 5-26.
Removed Note 1 from Table 5-12.
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Table 5-35. Document Revision History (Part 2 of 2)

Date and Revision Changes Made Summary of Changes
June 2005, m Updated the Rey.0e parameter in Table 5-4. —
version 1.3 = Added Note 2 to Tables 5-8 and 5-9.

= Updated Table 5-13.

m Added “Output Drive Characteristics” section.

m Added I2C mode and Notes 5 and 6 to Table 5-14.

m Updated timing values to Tables 5-14 through 5-33.
December 2004, m Updated timing Tables 5-2, 5-4, 5-12, and Tables 15-14 through 5-34. —
version 1.2 m Table 5-31 is new.
June 2004, m Updated timing Tables 5-15 through 5-32. —
version 1.1
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