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Chapter 2: MAX Il Architecture
Logic Array Blocks

Logic Array Blocks

Each LAB consists of 10 LEs, LE carry chains, LAB control signals, a local interconnect,
a look-up table (LUT) chain, and register chain connection lines. There are 26 possible
unique inputs into an LAB, with an additional 10 local feedback input lines fed by LE
outputs in the same LAB. The local interconnect transfers signals between LEs in the
same LAB. LUT chain connections transfer the output of one LE’s LUT to the adjacent
LE for fast sequential LUT connections within the same LAB. Register chain
connections transfer the output of one LE’s register to the adjacent LE’s register
within an LAB. The Quartus® II software places associated logic within an LAB or
adjacent LABs, allowing the use of local, LUT chain, and register chain connections
for performance and area efficiency. Figure 2-3 shows the MAX II LAB.

Figure 2-3. MAX Il LAB Structure

< Row Interconnect
{ y |
i «— Column Interconnect

LEO > > )
Fast I/O connection . Fast O connection
to IOE (1) < LE1 to IOE (1)

LE2 o DirectLink
DirectLink il interconnect from
interconnect from > &P LE3 > <> adjacent LAB
adjacent LAB or IOE
or IOE <— LE4 <

LE5

LE6
DirectLink DirectLink
interconnect to < LE7 P interconnect to
adjacent LAB adjacent LAB
or IOE LE8 or IOE

/\/\ /LEg /\/\ /\/\

Note to Figure 2-3:

Logic Element/ T
LA Local Interconnect

(1) Only from LABs adjacent to |0Es.

LAB Interconnects
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The LAB local interconnect can drive LEs within the same LAB. The LAB local
interconnect is driven by column and row interconnects and LE outputs within the
same LAB. Neighboring LABs, from the left and right, can also drive an LAB’s local
interconnect through the DirectLink connection. The DirectLink connection feature
minimizes the use of row and column interconnects, providing higher performance
and flexibility. Each LE can drive 30 other LEs through fast local and DirectLink
interconnects. Figure 2—4 shows the DirectLink connection.
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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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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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The other two LUTs use the datal and data2 signals to generate two possible carry-out
signals: one for a carry of 1 and the other for a carry of 0. The carry-i n0 signal acts
as the carry-select for the car r y- out O output and car r y- i nl acts as the carry-
select for the car r y- out 1 output. LEs in arithmetic mode can drive out registered
and unregistered versions of the LUT output.

The dynamic arithmetic mode also offers clock enable, counter enable, synchronous
up/down control, synchronous clear, synchronous load, and dynamic
adder/subtractor options. The LAB local interconnect data inputs generate the
counter enable and synchronous up/down control signals. The synchronous clear
and synchronous load options are LAB-wide signals that affect all registers in the
LAB. The Quartus II software automatically places any registers that are not used by
the counter into other LABs. The addnsub LAB-wide signal controls whether the LE
acts as an adder or subtractor.

Figure 2-8. LE in Dynamic Arithmetic Mode
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Carry-Select Chain

The carry-select chain provides a very fast carry-select function between LEs in
dynamic arithmetic mode. The carry-select chain uses the redundant carry calculation
to increase the speed of carry functions. The LE is configured to calculate outputs for a
possible carry-in of 0 and carry-in of 1 in parallel. The carry-i nO andcarry-inl
signals from a lower-order bit feed forward into the higher-order bit via the parallel
carry chain and feed into both the LUT and the next portion of the carry chain. Carry-
select chains can begin in any LE within an LAB.

© October 2008 Altera Corporation
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The speed advantage of the carry-select chain is in the parallel precomputation of
carry chains. Since the LAB carry-in selects the precomputed carry chain, notevery LE
is in the critical path. Only the propagation delays between LAB carry-in generation
(LE 5 and LE 10) are now part of the critical path. This feature allows the MAX II
architecture to implement high-speed counters, adders, multipliers, parity functions,
and comparators of arbitrary width.

Figure 2-9 shows the carry-select circuitry in an LAB for a 10-bit full adder. One
portion of the LUT generates the sum of two bits using the input signals and the
appropriate carry-in bit; the sum is routed to the output of the LE. The register can be
bypassed for simple adders or used for accumulator functions. Another portion of the
LUT generates carry-out bits. An LAB-wide carry-in bit selects which chain is used for
the addition of given inputs. The carry-in signal for each chain, carry-i n0 or
carry-inl, selects the carry-out to carry forward to the carry-in signal of the next-
higher-order bit. The final carry-out signal is routed to an LE, where it is fed to local,
row, or column interconnects.

Figure 2-9. Carry-Select Chain
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The Quartus Il software automatically creates carry chain logic during design
processing, or you can create it manually during design entry. Parameterized
functions such as LPM functions automatically take advantage of carry chains for the
appropriate functions. The Quartus II software creates carry chains longer than 10 LEs
by linking adjacent LABs within the same row together automatically. A carry chain
can extend horizontally up to one full LAB row, but does not extend between LAB
rows.

Clear and Preset Logic Control

LAB-wide signals control the logic for the register’s clear and preset signals. The LE
directly supports an asynchronous clear and preset function. The register preset is
achieved through the asynchronous load of a logic high. MAXII devices support
simultaneous preset/asynchronous load and clear signals. An asynchronous clear
signal takes precedence if both signals are asserted simultaneously. Each LAB
supports up to two clears and one preset signal.

In addition to the clear and preset ports, MAX II devices provide a chip-wide reset pin
(DEV_CLRnN) that resets all registers in the device. An option set before compilation in
the Quartus II software controls this pin. This chip-wide reset overrides all other
control signals and uses its own dedicated routing resources (that is, it does not use
any of the four global resources). Driving this signal low before or during power-up
prevents user mode from releasing clears within the design. This allows you to control
when clear is released on a device that has just been powered-up. If not set for its chip-
wide reset function, the DEV_CLRn pin is a regular I/O pin.

By default, all registers in MAX II devices are set to power-up low. However, this
power-up state can be set to high on individual registers during design entry using
the Quartus II software.

MultiTrack Interconnect

MAX Il Device Handbook

In the MAX II architecture, connections between LEs, the UFM, and device I/O pins
are provided by the MultiTrack interconnect structure. The MultiTrack interconnect
consists of continuous, performance-optimized routing lines used for inter- and intra-
design block connectivity. The Quartus II Compiler automatically places critical
design paths on faster interconnects to improve design performance.

The MultiTrack interconnect consists of row and column interconnects that span fixed
distances. A routing structure with fixed length resources for all devices allows
predictable and short delays between logic levels instead of large delays associated
with global or long routing lines. Dedicated row interconnects route signals to and
from LABs within the same row. These row resources include:

m DirectLink interconnects between LABs
B R4 interconnects traversing four LABs to the right or left

The DirectLink interconnect allows an LAB to drive into the local interconnect of its
left and right neighbors. The DirectLink interconnect provides fast communication
between adjacent LABs and/or blocks without using row interconnect resources.

© October 2008 Altera Corporation
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Figure 2-13. Global Clock Generation
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Note to Figure 2-13:
(1) Any I/0 pin can use a MultiTrack interconnect to route as a logic array-generated global clock signal.

The global clock network drives to individual LAB column signals, LAB column
clocks [3..0], that span an entire LAB column from the top to the bottom of the device.
Unused global clocks or control signals in a LAB column are turned off at the LAB
column clock buffers shown in Figure 2-14. The LAB column clocks [3..0] are
multiplexed down to two LAB clock signals and one LAB clear signal. Other control
signal types route from the global clock network into the LAB local interconnect. See
“LAB Control Signals” on page 2-5 for more information.

© QOctober 2008  Altera Corporation MAX I Device Handbook
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User Flash Memory Block

m Auto-increment addressing

m Serial interface to logic array with programmable interface

Figure 2-15. UFM Block and Interface Signals
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UFM Storage

Each device stores up to 8,192 bits of data in the UFM block. Table 2-3 shows the data
size, sector, and address sizes for the UFM block.

Table 2-3. UFM Array Size

Device Total Bits Sectors Address Bits Data Width
EPM240 8,192 2 9 16
EPM570 (4,096 bits/sector)

EPM1270
EPM2210

There are 512 locations with 9-bit addressing ranging from 000h to 1FFh. Sector 0
address space is 000h to OFFh and Sector 1 address space is from 100h to 1FFh. The
data width is up to 16 bits of data. The Quartus Il software automatically creates logic
to accommodate smaller read or program data widths. Erasure of the UFM involves
individual sector erasing (that is, one erase of sector 0 and one erase of sector 1 is
required to erase the entire UFM block). Since sector erase is required before a
program or write, having two sectors enables a sector size of data to be left untouched
while the other sector is erased and programmed with new data.

© QOctober 2008  Altera Corporation MAX I Device Handbook
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I/0 Structure

Schmitt Trigger

1=

Tahle 2-5. MAX Il Devices and Speed Grades that Support 3.3-V PCI Electrical Specifications and
Meet PCI Timing

Device 33-MHz PCI 66-MHz PCI

EPM1270 All Speed Grades -3 Speed Grade

EPM2210 All Speed Grades -3 Speed Grade

The input buffer for each MAX I device I/O pin has an optional Schmitt trigger
setting for the 3.3-V and 2.5-V standards. The Schmitt trigger allows input buffers to
respond to slow input edge rates with a fast output edge rate. Most importantly,
Schmitt triggers provide hysteresis on the input buffer, preventing slow-rising noisy
input signals from ringing or oscillating on the input signal driven into the logic array.
This provides system noise tolerance on MAXII inputs, but adds a small, nominal
input delay.

The JTAG input pins (TM5, TCK, and TDI ) have Schmitt trigger buffers that are always
enabled.

The TCK input is susceptible to high pulse glitches when the input signal fall time is
greater than 200 ns for all I/O standards.

Output Enable Signals

Each MAX II IOE output buffer supports output enable signals for tri-state control.
The output enable signal can originate from the GCLK[ 3. . 0] global signals or from
the MultiTrack interconnect. The MultiTrack interconnect routes output enable signals
and allows for a unique output enable for each output or bidirectional pin.

MAX 1II devices also provide a chip-wide output enable pin (DEV_CE) to control the
output enable for every output pin in the design. An option set before compilation in
the Quartus II software controls this pin. This chip-wide output enable uses its own
routing resources and does not use any of the four global resources. If this option is
turned on, all outputs on the chip operate normally when DEV_CE is asserted. When
the pin is deasserted, all outputs are tri-stated. If this option is turned off, the DEV_OE
pinis disabled when the device operates in user mode and is available as a user I/O

pin.

Programmable Drive Strength

The output buffer for each MAX I device I/O pin has two levels of programmable
drive strength control for each of the LVITL and LVCMOS 1/0 standards.
Programmable drive strength provides system noise reduction control for high
performance I/O designs. Although a separate slew-rate control feature exists, using
the lower drive strength setting provides signal slew-rate control to reduce system
noise and signal overshoot without the large delay adder associated with the
slew-rate control feature. Table 2—6 shows the possible settings for the I/O standards
with drive strength control. The Quartus II software uses the maximum current
strength as the default setting. The PCI I/O standard is always set at 20 mA with no
alternate setting.

© QOctober 2008  Altera Corporation MAX I Device Handbook
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Connect VCCl Opins to either a 1.5-V, 1.8 V, 2.5-V, or 3.3-V power supply, depending
on the output requirements. The output levels are compatible with systems of the
same voltage as the power supply (that is, when VCQA O pins are connected to a 1.5-V
power supply, the output levels are compatible with 1.5-V systems). When VCC| O
pins are connected to a 3.3-V power supply, the output high is 3.3 V and is compatible
with 3.3-V or 5.0-V systems. Table 2-7 summarizes MAX Il MultiVolt I/O support.

Table 2-7. MAX Il MultiVolt 1/0 Support  (Note 1)

Input Signal Output Signal
Vcelo(v) | 1.5V 1.8V 25V 3.3V 50V 1.5V 1.8V 2.5V 3.3V 50V
15 v/ v/ v v/ — v/ — — — —
1.8 v v v v — v (2) v — — —
25 — — v I v —1velve| v | — 1 -
3.3 — — |va| v [ve|lve|ve|ve]| v | v

Notes to Table 2-7:

(1) Todrive inputs higher than Vo but less than 4.0 V including the overshoot, disable the I/0 clamp diode. However, to drive 5.0-V inputs to the
device, enable the 1/0 clamp diode to prevent V, from rising above 4.0 V.

2
3

(33}

devices.

(2) When Vegio=1.8 V,a MAX Il device can drive a 1.5-V device with 1.8-V tolerant inputs.
(3) When Vegio =2.5V,a MAX Il device can drive a 1.5-V or 1.8-V device with 2.5-V tolerant inputs.

(4) When Vcgio = 3.3 Vand a 2.5-V input signal feeds an input pin, the VCCIO supply current will be slightly larger than expected.
(5) MAX II devices can be 5.0-V tolerant with the use of an external resistor and the internal I/0 clamp diode on the EPM1270 and EPM2210

(6) When Veeio = 3.3V, a MAX Il device can drive a 1.5-V, 1.8-V, or 2.5-V device with 3.3-V tolerant inputs.
(7) When Vegio=3.3V,a MAX Il device can drive a device with 5.0-V TTL inputs but not 5.0-V CMOS inputs. In the case of 5.0-V CMQS, open-

drain setting with internal 1/0 clamp diode (available only on EPM1270 and EPM2210 devices) and external resistor is required.

For information about output pin source and sink current guidelines, refer to the AN

428: MAX II CPLD Design Guidelines.

Referenced Documents

MAX Il Device Handbook

This chapter referenced the following documents:

AN 428: MAX II CPLD Design Guidelines

DC and Switching Characteristics chapter in the MAX II Device Handbook

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

Handbook

Using User Flash Memory in MAX 11 Devices chapter in the MAX II Device Handbook
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Figure 3-1.

MAX Il Parallel Flash Loader

Notes to Figure 3—-1:

MAX Il Device
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(1) This block is implemented in LEs.
(2) This function is supported in the Quartus Il software.

In System Programmabhility

MAX Il Device Handbook

MAX II devices can be programmed in-system via the industry standard 4-pin IEEE
Std. 1149.1 (JTAG) interface. In-system programmability (ISP) offers quick, efficient
iterations during design development and debugging cycles. The logic, circuitry, and
interconnects in the MAX II architecture are configured with flash-based SRAM
configuration elements. These SRAM elements require configuration data to be
loaded each time the device is powered. The process of loading the SRAM data is
called configuration. The on-chip configuration flash memory (CEM) block stores the
SRAM element’s configuration data. The CFM block stores the design’s configuration
pattern in a reprogrammable flash array. During ISP, the MAXII JTAG and ISP
circuitry programs the design pattern into the CFM block’s non-volatile flash array.

The MAXII JTAG and ISP controller internally generate the high programming
voltages required to program the CFM cells, allowing in-system programming with
any of the recommended operating external voltage supplies (that is, 3.3 V/2.5V or
1.8 V for the MAX IIG and MAX IIZ devices). ISP can be performed anytime after
Veenr and all Vegobanks have been fully powered and the device has completed the
configuration power-up time. By default, during in-system programming, the I/O
pins are tri-stated and weakly pulled-up to Vcco to eliminate board conflicts. The in-
system programming clamp and real-time ISP feature allow user control of I/O state
or behavior during ISP.

For more information, refer to “In-System Programming Clamp” on page 3-6 and
“Real-Time ISP” on page 3-7.

These devices also offer an | SP_DONE bit that provides safe operation when in-
system programming is interrupted. This | SP_DONE bit, which is the last bit
programmed, prevents all I/O pins from driving until the bit is programmed.

© October 2008 Altera Corporation


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

Chapter 3: JTAG and In-System Programmability 3-5
In System Programmability

IEEE 1532 Support

The JTAG circuitry and ISP instruction set in MAX II devices is compliant to the IEEE
1532-2002 programming specification. This provides industry-standard hardware and
software for in-system programming among multiple vendor programmable logic
devices (PLDs) in a JTAG chain.

The MAX I 1532 BSDL files will be released on the Altera website when available.

Jam Standard Test and Programming Language (STAPL)

The Jam STAPL JEDEC standard, JESD71, can be used to program MAXII devices
with in-circuit testers, PCs, or embedded processors. The Jam byte code is also
supported for MAX II devices. These software programming protocols provide a
compact embedded solution for programming MAX II devices.

<o For more information, refer to the Using Jam STAPL for ISP via an Embedded Processor
chapter in the MAX II Device Handbook.

Programming Sequence

During in-system programming, 1532 instructions, addresses, and data are shifted
into the MAXII device through the TDI input pin. Data is shifted out through the TDO
output pin and compared against the expected data. Programming a pattern into the
device requires the following six ISP steps. A stand-alone verification of a
programmed pattern involves only stages 1, 2, 5, and 6. These steps are automatically
executed by third-party programmers, the Quartus II software, or the Jam STAPL and
Jam Byte-Code Players.

1. Enter ISP—The enter ISP stage ensures that the 1/O pins transition smoothly from
user mode to ISP mode.

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

3. Sector Erase—Erasing the device in-system involves shifting in the instruction to
erase the device and applying an erase pulse(s). The erase pulse is automatically
generated internally by waiting in the run/test/idle state for the specified erase
pulse time of 500 ms for the CFM block and 500 ms for each sector of the UFM
block.

4. Program—Programming the device in-system involves shifting in the address,
data, and program instruction and generating the program pulse to program the
flash cells. The program pulse is automatically generated internally by waiting in
the run/test/idle state for the specified program pulse time of 75 us. This process
is repeated for each address in the CFM and UFM blocks.

5. Verify—Verifying a MAX II device in-system involves shifting in addresses,
applying the verify instruction to generate the read pulse, and shifting out the data
for comparison. This process is repeated for each CFM and UFM address.

6. Exit ISP—An exit ISP stage ensures that the I/O pins transition smoothly from ISP
mode to user mode.
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Chapter 3: JTAG and In-System Programmability
In System Programmability

Table 3-4 shows the programming times for MAXII devices using in-circuit testers to
execute the algorithm vectors in hardware. Software-based programming tools used
with download cables are slightly slower because of data processing and transfer
limitations.

Table 3-4. MAX |1 Device Family Programming Times

EPM240 EPM570
EPM240G | EPM570G | EPM1270 | EPM2210

Description EPM240Z | EPM570Z | EPM1270G | EPM2210G Unit
Erase + Program (1 MHz) 1.72 2.16 2.90 3.92 sec
Erase + Program (10 MHz) 1.65 1.99 2.58 3.40 sec
Verify (1 MHz) 0.09 0.17 0.30 0.49 sec
Verify (10 MHz) 0.01 0.02 0.03 0.05 Sec
Complete Program Cycle (1 MHz) 1.81 2.33 3.20 4.41 sec
Complete Program Cycle (10 MHz) 1.66 2.01 2.61 3.45 sec
UFM Programming
The Quartus II software, with the use of POF, Jam, or JBC files, supports
programming of the user flash memory (UFM) block independent of the logic array
design pattern stored in the CFM block. This allows updating or reading UFM
contents through ISP without altering the current logic array design, or vice versa. By
default, these programming files and methods will program the entire flash memory
contents, which includes the CFM block and UEM contents. The stand-alone
embedded Jam STAPL player and Jam Byte-Code Player provides action commands
for programming or reading the entire flash memory (UFM and CEM together) or
each independently.
“ . For more information, refer to the Using Jam STAPL for ISP via an Embedded Processor

chapter in the MAX II Device Handbook.

In-System Programming Glamp

MAX Il Device Handbook

By default, the IEEE 1532 instruction used for entering ISP automatically tri-states all
1/ O pins with weak pull-up resistors for the duration of the ISP sequence. However,
some systems may require certain pins on MAX II devices to maintain a specific DC
logic level during an in-field update. For these systems, an optional in-system
programming clamp instruction exists in MAX II circuitry to control 1/O behavior
during the ISP sequence. The in-system programming clamp instruction enables the
device to sample and sustain the value on an output pin (an input pin would remain
tri-stated if sampled) or to explicitly set a logic high, logic low, or tri-state value on
any pin. Setting these options is controlled on an individual pin basis using the
Quartus II software.

For more information, refer to the Real-Time ISP and ISP Clamp for MAX II Devices
chapter in the MAX II Device Handbook.
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Hot Socketing Feature Implementation in MAX Il Devices

Figure 4-2. Transistor-Level Diagram of MAX II Device 1/0 Buffers
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n -well
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The CMOS output drivers in the I/ O pins intrinsically provide electrostatic discharge
(ESD) protection. There are two cases to consider for ESD voltage strikes: positive
voltage zap and negative voltage zap.

A positive ESD voltage zap occurs when a positive voltage is present on an I/O pin
due to an ESD charge event. This can cause the N+ (Drain)/ P-Substrate junction of
the N-channel drain to break down and the N+ (Drain)/P-Substrate/ N+ (Source)
intrinsic bipolar transistor turn on to discharge ESD current from I/O pin to GND.
The dashed line (see Figure 4-3) shows the ESD current discharge path during a
positive ESD zap.

Figure 4-3. ESD Protection During Positive Voltage Zap
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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

Chapter 5: DC and Switching Characteristics

5-11

Timing Model and Specifications

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
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Timing Model and Specifications

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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