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1-2 Chapter 1: Introduction
Features
Table 1-1 shows the MAXII family features.
Table 1-1. MAX Il Family Features
EPM240 EPM570 EPM1270 EPM2210
Feature EPM240G | EPM570G | EPM1270G EPM2210G EPM240z EPM570Z
LEs 240 570 1,270 2,210 240 570
Typical Equivalent Macrocells 192 440 980 1,700 192 440
Equivalent Macrocell Range 12810240 | 240t0 570 | 57010 1,270 | 1,270t02,210 | 128 t0 240 | 240to0 570
UFM Size (bits) 8,192 8,192 8,192 8,192 8,192 8,192
Maximum User 1/0 pins 80 160 212 272 80 160
tppy (NS) (1) 4.7 5.4 6.2 7.0 75 9.0
four (MHz) (2) 304 304 304 304 152 152
tsu (nS) 1.7 1.2 1.2 1.2 2.3 2.2
teo (NS) 4.3 4.5 46 4.6 6.5 6.7

Notes to Tahle 1-1:

(1) teo1 represents a pin-to-pin delay for the worst case 1/0 placement with a full diagonal path across the device and combinational logic
implemented in a single LUT and LAB that is adjacent to the output pin.

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

For more information about equivalent macrocells, refer to the MAX II Logic Element to
Macrocell Conversion Methodology white paper.

MAX II and MAX IIG devices are available in three speed grades: -3, 4, and -5, with
-3 being the fastest. Similarly, MAXIIZ devices are available in three speed grades: -6,
-7, and -8, with -6 being the fastest. These speed grades represent the overall relative
performance, not any specific timing parameter. For propagation delay timing
numbers within each speed grade and density, refer to the DC and Switching
Characteristics chapter in the MAX II Device Handbook.

Table 1-2 shows MAX II device speed-grade offerings.

Table 1-2. MAX Il Speed Grades

Speed Grade

Device -3 -4 -5 -6 -7 -8
EPM240 v v v — — —
EPM240G
EPM570 v v v — — —
EPM570G
EPM1270 v v v — — —
EPM1270G
EPM2210 v v v — — —
EPM2210G
EPM240Z — — — v v v
EPM570Z — — — v v v

MAX I Device Handbook
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Chapter 1: Introduction

Features

MAX II devices are available in space-saving FineLine BGA, Micro FineLine BGA,
and thin quad flat pack (TQFP) packages (refer to Table 1-3 and Table 1-4). MAXII
devices support vertical migration within the same package (for example, you can
migrate between the EPM570, EPM1270, and EPM2210 devices in the 256-pin
FineLine BGA package). Vertical migration means that you can migrate to devices
whose dedicated pins and JTAG pins are the same and power pins are subsets or
supersets for a given package across device densities. The largest density in any
package has the highest number of power pins; you must lay out for the largest
planned density in a package to provide the necessary power pins for migration. For
I/ O pin migration across densities, cross reference the available I/O pins using the
device pin-outs for all planned densities of a given package type to identify which
I/ O pins can be migrated. The Quartus® II software can automatically cross-reference
and place all pins for you when given a device migration list.

Table 1-3. MAX Il Packages and User I/0 Pins

68-Pin 100-Pin 144-Pin 256-Pin
Micro Micro 100-Pin Micro Micro 256-Pin | 324-Pin
FineLine | FineLine | FineLine | 100-Pin | 144-Pin | FineLine | FineLine | Fineline | FineLine
Device BGA (1) BGA (1) BGA TQFP TQFP BGA (1) BGA (1) BGA BGA
EPM240 — 80 80 80 — — — — —
EPM?240G
EPM570 — 76 76 76 116 — 160 160 —
EPM570G
EPM1270 — — — — 116 — 212 212 —
EPM1270G
EPM2210 — — — — — — — 204 272
EPM2210G
EPM240Z 54 80 — — — — — — —
EPM570Z — 76 — — — 116 160 — —
Note to Table 1-3:
(1) Packages available in lead-free versions only.
Table 1-4. MAX Il TQFP, FineLine BGA, and Micro FineLine BGA Package Sizes
68-Pin 100-Pin 144-Pin | 256-Pin
Micro Micro 100-Pin Micro Micro 256-Pin | 324-Pin
FineLine | FineLine | FineLine | 100-Pin | 144-Pin | FineLine | FineLine | FineLine | FineLine
Package BGA BGA BGA TQFP TQFP BGA BGA BGA BGA
Pitch (mm) 0.5 0.5 1 0.5 0.5 0.5 05 1 1
Area (mm2) 25 36 121 256 484 49 121 289 361
Length x width 5x5 6x6 11 x 11 16x16 | 22 x 22 7x7 11 x 11 17 x 17 19x 19
(mm x mm)

© August 2009 Altera Corporation MAX I Device Handbook



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

2-2

Chapter 2: MAX Il Architecture
Functional Description

Figure 2-1 shows a functional block diagram of the MAX II device.

Figure 2-1. MAX Il Device Block Diagram
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Each MAXII device contains a flash memory block within its floorplan. On the
EPM240 device, this block is located on the left side of the device. On the EPM570,
EPM1270, and EPM2210 devices, the flash memory block is located on the bottom-left
area of the device. The majority of this flash memory storage is partitioned as the
dedicated configuration flash memory (CFM) block. The CFM block provides the non-
volatile storage for all of the SRAM configuration information. The CFM
automatically downloads and configures the logic and I/O at power-up, providing
instant-on operation.

For more information about configuration upon power-up, refer to the Hot Socketing
and Power-On Reset in MAX II Devices chapter in the MAX II Device Handbook.

A portion of the flash memory within the MAXII device is partitioned into a small
block for user data. This user flash memory (UFM) block provides 8,192 bits of
general-purpose user storage. The UFM provides programmable port connections to
the logic array for reading and writing. There are three LAB rows adjacent to this
block, with column numbers varying by device.

Table 2—1 shows the number of LAB rows and columns in each device, as well as the
number of LAB rows and columns adjacent to the flash memory area in the EPM570,
EPM1270, and EPM2210 devices. The long LAB rows are full LAB rows that extend
from one side of row I/O blocks to the other. The short LAB rows are adjacent to the
UEFM block; their length is shown as width in LAB columns.

© October 2008 Altera Corporation
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Logic Elements

Figure 2-6. MAX I LE
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Each LE’s programmable register can be configured for D, T, JK, or SR operation. Each
register has data, true asynchronous load data, clock, clock enable, clear, and
asynchronous load/preset inputs. Global signals, general-purpose 1/O pins, or any
LE can drive the register’s clock and clear control signals. Either general-purpose I/O
pins or LEs can drive the clock enable, preset, asynchronous load, and asynchronous
data. The asynchronous load data input comes from the data3 input of the LE. For
combinational functions, the LUT output bypasses the register and drives directly to
the LE outputs.

Each LE has three outputs that drive the local, row, and column routing resources. The
LUT or register output can drive these three outputs independently. Two LE outputs
drive column or row and DirectLink routing connections and one drives local
interconnect resources. This allows the LUT to drive one output while the register
drives another output. This register packing feature improves device utilization
because the device can use the register and the LUT for unrelated functions. Another
special packing mode allows the register output to feed back into the LUT of the same
LE so that the register is packed with its own fan-out LUT. This provides another
mechanism for improved fitting. The LE can also drive out registered and
unregistered versions of the LUT output.

MAX 11 Device Handbook
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Logic Elements

Normal Mode

The normal mode is suitable for general logic applications and combinational
functions. In normal mode, four data inputs from the LAB local interconnect are
inputs to a four-input LUT (see Figure 2-7). The Quartus II Compiler automatically
selects the carry-in or the data3 signal as one of the inputs to the LUT. Each LE can use
LUT chain connections to drive its combinational output directly to the next LE in the
LAB. Asynchronous load data for the register comes from the data3 input of the LE.
LEs in normal mode support packed registers.

Figure 2-7. LE in Normal Mode
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(1) This signal is only allowed in normal mode if the LE is at the end of an adder/subtractor chain.

Dynamic Arithmetic Mode

The dynamic arithmetic mode is ideal for implementing adders, counters,
accumulators, wide parity functions, and comparators. An LE in dynamic arithmetic
mode uses four 2-input LUTs configurable as a dynamic adder/subtractor. The first
two 2-input LUTs compute two summations based on a possible carry-in of 1 or 0; the
other two LUTs generate carry outputs for the two chains of the carry-select circuitry.
As shown in Figure 2-8, the LAB carry-in signal selects either the car r y-i n0O or
carry-inl chain. The selected chain’s logic level in turn determines which parallel sum
is generated as a combinational or registered output. For example, when
implementing an adder, the sum output is the selection of two possible calculated
sums:

datal + data2 + carry inO
or

datal + data2 + carry-inl

© QOctober 2008  Altera Corporation MAX I Device Handbook
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MultiTrack Interconnect

The R4 interconnects span four LABs and are used for fast row connections in a four-
LABregion. Every LAB has its own set of R4 interconnects to drive either left or right.
Figure 2-10 shows R4 interconnect connections from an LAB. R4 interconnects can
drive and be driven by row IOEs. For LAB interfacing, a primary LAB or horizontal
LAB neighbor can drive a given R4 interconnect. For R4 interconnects that drive to the
right, the primary LAB and right neighbor can drive on to the interconnect. For R4
interconnects that drive to the left, the primary LAB and its left neighbor can drive on
to the interconnect. R4 interconnects can drive other R4 interconnects to extend the
range of LABs they can drive. R4 interconnects can also drive C4 interconnects for
connections from one row to another.

Figure 2-10. R4 Interconnect Connections

Notes to Figure 2-10:
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(1) C4 interconnects can drive R4 interconnects.
(2) This pattern is repeated for every LAB in the LAB row.

The column interconnect operates similarly to the row interconnect. Each column of
LABs is served by a dedicated column interconnect, which vertically routes signals to
and from LABs and row and column IOEs. These column resources include:

m LUT chain interconnects within an LAB
B Register chain interconnects within an LAB
m  C4interconnects traversing a distance of four LABs in an up and down direction

MAX 1I devices include an enhanced interconnect structure within LABs for routing
LE output to LE input connections faster using LUT chain connections and register
chain connections. The LUT chain connection allows the combinational output of an
LE to directly drive the fast input of the LE right below it, bypassing the local
interconnect. These resources can be used as a high-speed connection for wide fan-in

© QOctober 2008  Altera Corporation MAX I Device Handbook
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Chapter 2: MAX Il Architecture
MultiTrack Interconnect

MAX Il Device Handbook

functions from LE 1 to LE 10 in the same LAB. The register chain connection allows
the register output of one LE to connect directly to the register input of the next LE in
the LAB for fast shift registers. The Quartus II Compiler automatically takes
advantage of these resources to improve utilization and performance. Figure 2-11
shows the LUT chain and register chain interconnects.

Figure 2-11. LUT Chain and Register Chain Interconnects
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The C4 interconnects span four LABs up or down from a source LAB. Every LAB has
its own set of C4 interconnects to drive either up or down. Figure 2-12 shows the C4
interconnect connections from an LAB in a column. The C4 interconnects can drive
and be driven by column and row IOEs. For LAB interconnection, a primary LAB or
its vertical LAB neighbor can drive a given C4 interconnect. C4 interconnects can
drive each other to extend their range as well as drive row interconnects for column-
to-column connections.

© October 2008 Altera Corporation
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Chapter 2: MAX Il Architecture
Global Signals

The UFM block communicates with the logic array similar to LAB-to-LAB interfaces.
The UFM block connects to row and column interconnects and has local interconnect
regions driven by row and column interconnects. This block also has DirectLink

interconnects for fast connections to and from a neighboring LAB. For more

information about the UFM interface to the logic array, see “User Flash Memory

Block” on page 2-18.
Table 2-2 shows the MAX II device routing scheme.

Table 2-2. MAX Il Device Routing Scheme

Source

Destination

LUT
Chain

Register
Chain

Local
(1)

DirectLink
(1)

R4 (1)

C4 (1)

UFM
Block

Column
10E

Fast /0
(1)

LUT Chain

Register Chain

Local
Interconnect

NANAN RS

DirectLink
Interconnect

R4 Interconnect

C4 Interconnect

LE

UFM Block

AR AR

ANAN

ANENENEN

Column I0E

Row I0E

AN

AN

NAYRIAYAYAN

Note to Table 2-2:

(1) These categories are interconnects.

Global Signals

Each MAX I device has four dual-purpose dedicated clock pins (GCLK] 3. . 0] , two
pins on the left side and two pins on the right side) that drive the global clock network

for clocking, as shown in Figure 2-13. These four pins can also be used as general-
purpose I/ O if they are not used to drive the global clock network.

The four global clock lines in the global clock network drive throughout the entire

device. The global clock network can provide clocks for all resources within the
device including LEs, LAB local interconnect, IOEs, and the UFM block. The global

clock lines can also be used for global control signals, such as clock enables,
synchronous or asynchronous clears, presets, output enables, or protocol control

signals such as TRDY and | RDY for PCI. Internal logic can drive the global clock
network for internally-generated global clocks and control signals. Figure 2-13 shows

the various sources that drive the global clock network.

MAX Il Device Handbook
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Figure 2-16. EPM240 UFM Block LAB Row Interface (Note 1)

Note to Figure 2-16:
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(1) The UFM block inputs and outputs can drive to/from all types of interconnects, not only DirectLink interconnects from adjacent row LABs.
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1/0 Structure

Figure 2-21 shows how a column I/O block connects to the logic array.

Figure 2-21. Column 1/0 Block Connection to the Interconnect (Note 1)
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Note to Figure 2-21:
(1) Each of the four I0Es in the column 1/0 block can have one dat a_out orf ast _out output, one OE output, and one dat a_i n input.

/0 Standards and Banks
MAX II device IOEs support the following I/O standards:
m 3.3-VLVITL/LVCMOS

2.5-V LVTITL/LVCMOS

1.8-V LVTTL/LVCMOS

1.5-V LVCMOS

3.3-V PCI

MAX Il Device Handbook © October 2008 Altera Corporation
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Chapter 2: MAX Il Architecture
1/0 Structure

Figure 2-23. MAX Il I/0 Banks for EPM1270 and EPM2210 (Note 1), (2)
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Notes to Figure 2-23:

I/0 Bank 4

(1) Figure 2-23 is a top view of the silicon die.
(2) Figure 2-23is a graphical representation only. Refer to the pin list and the Quartus Il software for exact pin locations.

MAX Il Device Handbook

Each I/O bank has dedicated V., pins that determine the voltage standard support
in that bank. A single device can support 1.5-V, 1.8-V, 2.5-V, and 3.3-V interfaces; each
individual bank can support a different standard. Each I/ O bank can support
multiple standards with the same Vo for input and output pins. For example, when
Veco 18 3.3 'V, Bank 3 can support LVTITL, LVCMOS, and 3.3-V PCL V., powers both
the input and output buffers in MAX II devices.

The JTAG pins for MAX II devices are dedicated pins that cannot be used as regular
I/ O pins. The pins TMS, TDI , TDO, and TCK support all the I/O standards shown in
Table 2—4 on page 2-27 except for PCI. These pins reside in Bank 1 for all MAX I

devices and their I/O standard support is controlled by the V., setting for Bank 1.

PCI Compliance

The MAX I EPM1270 and EPM2210 devices are compliant with PCI applications as
well as all 3.3-V electrical specifications in the PCI Local Bus Specification Revision 2.2.
These devices are also large enough to support PCI intellectual property (IP) cores.
Table 2-5 shows the MAX II device speed grades that meet the PCI timing
specifications.

© October 2008 Altera Corporation


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

fAtl |:| =)/, 3. JTAG and In-System Programmability
- |

Introduction

This chapter discusses how to use the IEEE Standard 1149.1 Boundary-Scan Test (BST)
circuitry in MAX II devices and includes the following sections:

m “IEEE Std. 1149.1 (JTAG) Boundary-Scan Support” on page 3-1
m “In System Programmability” on page 3—4

IEEE Std. 1149.1 (JTAG) Boundary-Scan Support

All MAXe II devices provide Joint Test Action Group (JTAG) boundary-scan test (BST)
circuitry that complies with the IEEE Std. 1149.1-2001 specification. JTAG boundary-
scan testing can only be performed at any time after V. and all V¢, banks have
been fully powered and a tconmc amount of time has passed. MAX II devices can also
use the JTAG port for in-system programming together with either the Quartus® II
software or hardware using Programming Object Files (.pof), JamTM Standard Test
and Programming Language (STAPL) Files (.jam), or Jam Byte-Code Files (.jbc).

The JTAG pins support 1.5-V, 1.8-V, 2.5-V, or 3.3-V 1/O standards. The supported
voltage level and standard are determined by the V., of the bank where it resides.
The dedicated JTAG pins reside in Bank 1 of all MAX II devices.

MAX II devices support the JTAG instructions shown in Table 3-1.

Table 3—1. MAX Il JTAG Instructions (Part 1 of 2)

JTAG Instruction

Instruction Code Description

SAMPLE/ PRELCAD

00 0000 0101 Allows a snapshot of signals at the device pins to be captured and
examined during normal device operation, and permits an initial data
pattern to be output at the device pins.

EXTEST (1)

00 0000 1111 Allows the external circuitry and board-level interconnects to be
tested by forcing a test pattern at the output pins and capturing test
results at the input pins.

BYPASS

11 1111 1111 Places the 1-bit bypass register between the TDI and TDOpins,
which allows the BST data to pass synchronously through selected
devices to adjacent devices during normal device operation.

USERCCDE

00 0000 0111 Selects the 32-bit USERCODE register and places it between the
TDI and TDOpins, allowing the USERCCDE to be serially shifted
out of TDQ This register defaults to all 1’s if not specified in the
Quartus Il software.

| DCCDE

00 0000 0110 Selects the | DCCDE register and places it between TDI and TDQ
allowing the | DCCDE to be serially shifted out of TDO

HGZ (1)

00 0000 1011 Places the 1-bit bypass register between the TDI and TDOpins,
which allows the boundary scan test data to pass synchronously
through selected devices to adjacent devices during normal device
operation, while tri-stating all of the 1/0 pins.

© QOctober 2008  Altera Corporation MAX I Device Handbook
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Document Revision History

Document Revision History

Table 3-5 shows the revision history for this chapter.

Table 3-5. Document Revision History

Date and Revision | Changes Made Summary of Changes
October 2008, m Updated New Document Format. —
version 1.6
December 2007, m Added warning note after Table 3—1. —
version 1.5 m Updated Table 3-3 and Table 3—4.

m Added “Referenced Documents” section.
December 2006, m Added document revision history. —
version 1.4
June 2005, m Added text and Table 3-4. —
version 1.3
June 2005, m Updated text on pages 3-5 to 3-8. —
version 1.3
June 2004, m Corrected Figure 3-1. Added CFM acronym. —
version 1.1

MAX Il Device Handbook © October 2008 Altera Corporation
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Hot Socketing Feature Implementation in MAX I Devices

L=~ Make sure that the V¢ is within the recommended operating range even though
SRAM download has completed.

Each I/0 and clock pin has the circuitry shown in Figure 4-1.

Figure 4-1. Hot Socketing Circuit Block Diagram for MAX Il Devices
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Resistor Output Enable

PAD > Voltage Hot Socket
Tolerance
| Control

Input Buffer
to Logic Array

The POR circuit monitors Vo and V¢, voltage levels and keeps I/0 pins tri-stated
until the device has completed its flash memory configuration of the SRAM logic. The
weak pull-up resistor (R) from the I/O pin to V. is enabled during download to
keep the I/O pins from floating. The 3.3-V tolerance control circuit permits the I/O
pins to be driven by 3.3 V before V., and/or V. are powered, and it prevents the
I/0O pins from driving out when the device is not fully powered or operational. The
hot socket circuit prevents I/O pins from internally powering V., and V. when
driven by external signals before the device is powered.

«o For information about 5.0-V tolerance, refer to the Using MAX II Devices in Multi-
Voltage Systems chapter in the MAX II Device Handbook.

Figure 4-2 shows a transistor-level cross section of the MAX II device 1/O buffers.
This design ensures that the output buffers do not drive when V, is powered before
Veanror if the I/0 pad voltage is higher than V. This also applies for sudden
voltage spikes during hot insertion. The V;,,leakage current charges the 3.3-V
tolerant circuit capacitance.

© QOctober 2008  Altera Corporation MAX I Device Handbook
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Chapter 4: Hot Socketing and Power-On Reset in MAX Il Devices
Power-On Reset Circuitry

Power-Up Characteristics

I

MAX Il Device Handbook

When power is applied to a MAX I device, the POR circuit monitors V¢, and
begins SRAM download at an approximate voltage of 1.7 V or 1.55 V for MAX IIG and
MAX IIZ devices. From this voltage reference, SRAM download and entry into user
mode takes 200 to 450 ps maximum, depending on device density. This period of time
is specified as tconmg in the power-up timing section of the DC and Switching
Characteristics chapter in the MAX II Device Handbook.

Entry into user mode is gated by whether all V., banks are powered with sufficient
operating voltage. If VI and V., are powered simultaneously, the device enters
user mode within the teoypg Specifications. If Vo is powered more than teoypg after
Ve the device does not enter user mode until 2 ps after all Vo banks are powered.

For MAX Il and MAX IIG devices, when in user mode, the POR circuitry continues to
monitor the V. (but not V) voltage level to detect a brown-out condition. If
there is a V. voltage sag at or below 1.4 V during user mode, the POR circuit resets
the SRAM and tri-states the I/O pins. Once V. rises back to approximately 1.7 V
(or 1.55 'V for MAXIIG devices), the SRAM download restarts and the device begins
to operate after tooymctime has passed.

For MAX IIZ devices, the POR circuitry does not monitor the V. and V., voltage
levels after the device enters user mode. If there is a V¢ Voltage sag below 1.4 V
during user mode, the functionality of the device will not be guaranteed and you
must power down the V¢ to 0 V for a minimum of 10 ps before powering the V¢
and Vo up again. Once V. rises from 0 V back to approximately 1.55 V, the
SRAM download restarts and the device begins to operate after toypmg time has
passed.

Figure 4-5 shows the voltages for POR of MAX I, MAX IIG, and MAX IIZ devices
during power-up into user mode and from user mode to power-down or brown-out.

All Veenrand Ve pins of all banks must be powered on MAX I devices before
entering user mode.

© October 2008 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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Chapter 5: DC and Switching Characteristics
Power Consumption

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.
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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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Chapter 5: DC and Switching Characteristics
Timing Model and Specifications

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

MAX Il Device Handbook
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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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