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1. Introduction

Introduction

Features

The Cyclone® field programmable gate array family is based on a 1.5-V,

0.13-pm, all-layer copper SRAM process, with densities up to

20,060 logic elements (LEs) and up to 288 Kbits of RAM. With features like
phase-locked loops (PLLs) for clocking and a dedicated double data rate
(DDR) interface to meet DDR SDRAM and fast cycle RAM (FCRAM)
memory requirements, Cyclone devices are a cost-effective solution for
data-path applications. Cyclone devices support various I/O standards,
including LVDS at data rates up to 640 megabits per second (Mbps), and
66- and 33-MHz, 64- and 32-bit peripheral component interconnect (PCI),
for interfacing with and supporting ASSP and ASIC devices. Altera also
offers new low-cost serial configuration devices to configure Cyclone
devices.

The Cyclone device family offers the following features:

2,910 to 20,060 LEs, see Table 1-1

Up to 294,912 RAM bits (36,864 bytes)

Supports configuration through low-cost serial configuration device
Support for LVTTL, LVCMOS, SSTL-2, and SSTL-3 I/O standards
Support for 66- and 33-MHz, 64- and 32-bit PCI standard
High-speed (640 Mbps) LVDS 1/O support

Low-speed (311 Mbps) LVDS 1/0O support

311-Mbps RSDS 1/0O support

Up to two PLLs per device provide clock multiplication and phase
shifting

Up to eight global clock lines with six clock resources available per
logic array block (LAB) row

Support for external memory, including DDR SDRAM (133 MHz),
FCRAM, and single data rate (SDR) SDRAM

Support for multiple intellectual property (IP) cores, including
Altera® MegaCore® functions and Altera Megafunctions Partners
Program (AMPPsM) megafunctions.

Table 1-1. Cyclone Device Features (Part 1 of 2)

Feature EP1C3 EP1C4 EP1C6 EP1C12 EP1C20
LEs 2,910 4,000 5,980 12,060 20,060
M4K RAM blocks (128 x 36 bits) 13 17 20 52 64
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MultiTrack
Interconnect

2-12

The Quartus II Compiler 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 Compiler creates carry chains longer than 10 LEs by
linking LABs together automatically. For enhanced fitting, a long carry
chain runs vertically allowing fast horizontal connections to M4K
memory blocks. A carry chain can continue as far as a full column.

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. The direct asynchronous preset does not require a
NOT-gate push-back technique. Cyclone 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, Cyclone devices provide a
chip-wide reset pin (DEV_CLRn) 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.

In the Cyclone architecture, connections between LEs, M4K memory
blocks, and device I/O pins are provided by the MultiTrack interconnect
structure with DirectDrive™ technology. The MultiTrack interconnect
consists of continuous, performance-optimized routing lines of different
speeds used for inter- and intra-design block connectivity. The Quartus II
Compiler automatically places critical design paths on faster
interconnects to improve design performance.

DirectDrive technology is a deterministic routing technology that ensures
identical routing resource usage for any function regardless of placement
within the device. The MultiTrack interconnect and DirectDrive
technology simplify the integration stage of block-based designing by
eliminating the re-optimization cycles that typically follow design
changes and additions.

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 repeatable performance when

Altera Corporation
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Figure 2-18. Input/Output Clock Mode in True Dual-Port Mode
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Notes to Figure 2-18:
(1) All registers shown have asynchronous clear ports.
(2)  Violating the setup or hold time on the address registers could corrupt the memory contents. This applies to both
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Global Clock Network and Phase-Locked Loops

Dual-Purpose Clock Pins

Each Cyclone device except the EP1C3 device has eight dual-purpose
clock pins, DPCLK[7. . 0] (two on each I/O bank). EP1C3 devices have
five DPCLK pins in the 100-pin TQFP package. These dual-purpose pins
can connect to the global clock network (see Figure 2-22) for high-fanout
control signals such as clocks, asynchronous clears, presets, and clock
enables, or protocol control signals such as TRDY and IRDY for PCI, or
DQS signals for external memory interfaces.

Combined Resources

Each Cyclone device contains eight distinct dedicated clocking resources.
The device uses multiplexers with these clocks to form six-bit buses to
drive LAB row clocks, column IOE clocks, or row IOE clocks. See
Figure 2-23. Another multiplexer at the LAB level selects two of the six
LAB row clocks to feed the LE registers within the LAB.

Figure 2-23. Global Clock Network Multiplexers
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IOE clocks have row and column block regions. Six of the eight global
clock resources feed to these row and column regions. Figure 2-24 shows
the I/O clock regions.
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Figure 2-24. 1/0 Clock Regions
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Cyclone PLLs provide general-purpose clocking with clock
multiplication and phase shifting as well as outputs for differential I/O
support. Cyclone devices contain two PLLs, except for the EP1C3 device,
which contains one PLL.
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Figure 2-26 shows the PLL global clock connections.

Figure 2-26. Cyclone PLL Global Clock Connections

Gl G3 Gs  G7
A A A A
Go | G2 G4 | G6
A A A A
go g0
CLKO CLK2
CLK1 (1) PLL1 ot g1 PLL2 CLK3 (2)
e —1e
PLL1_OUT (3), (4) <=3 — PLL2_OUT (3), (4)
YYYY YVYYVY

Notes to Figure 2-26:

(1) PLL 1 supports one single-ended or LVDS input via pins CLKO and CLK1.

(2) PLL2 supports one single-ended or LVDS input via pins CLK2 and CLK3.

(3) PLL1_OUTand PLL2_OUT support single-ended or LVDS output. If external output is not required, these pins are
available as regular user I/O pins.

(4) The EP1C3 device in the 100-pin TQFP package does not support external clock output. The EP1C6 device in the
144-pin TQFP package does not support external clock output from PLL2.

Table 2-7 shows the global clock network sources available in Cyclone
devices.

Table 2-7. Global Clock Network Sources (Part 1 of 2)

Source GCLKO | GCLK1 | GCLK2 | GCLK3 | GCLK4 | GCLK5 | GCLK6 | GCLK7
PLL Counter |PLL1 GO — v v — — — — _
Output PLL1 G v _ _ IV _ _ _ _
PLL2 GO (7) — — — — — v N4 —
PLL2G1 ()| — _ _ _ v _ _ v
Dedicated CLKO v — v — — — — —
g;;’gk nPut K 12) _ v _ v _ _ _ _
CLK2 _ _ _ _ v _ v _
CLK3 (2) — — — - - N4 - N4
2-34 Altera Corporation
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Programmable Duty Cycle

The programmable duty cycle allows PLLs to generate clock outputs with
a variable duty cycle. This feature is supported on each PLL post-scale
counter (g0, g1, e). The duty cycle setting is achieved by a low- and
high-time count setting for the post-scale dividers. The Quartus II
software uses the frequency input and the required multiply or divide
rate to determine the duty cycle choices.

Control Signals

There are three control signals for clearing and enabling PLLs and their
outputs. You can use these signals to control PLL resynchronization and
the ability to gate PLL output clocks for low-power applications.

The pllenable signal enables and disables PLLs. When thepllenable
signal is low, the clock output ports are driven by ground and all the PLLs
go out of lock. When the pllenable signal goes high again, the PLLs
relock and resynchronize to the input clocks. An input pin or LE output
can drive the pllenable signal.

The areset signals are reset/resynchronization inputs for each PLL.
Cyclone devices can drive these input signals from input pins or from
LEs. When areset is driven high, the PLL counters will reset, clearing
the PLL output and placing the PLL out of lock. When driven low again,
the PLL will resynchronize to its input as it relocks.

The pfdena signals control the phase frequency detector (PFD) output
with a programmable gate. If you disable the PFD, the VCO will operate
at its last set value of control voltage and frequency with some drift, and
the system will continue running when the PLL goes out of lock or the
input clock disables. By maintaining the last locked frequency, the system
has time to store its current settings before shutting down. You can either
use their own control signal or gated locked status signals to trigger the
pfdena signal.

eo For more information about Cyclone PLLs, refer to Using PLLs in Cyclone
Devices chapter in the Cyclone Device Handbook.

2-38 Altera Corporation
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1/0 Structure

The pin's datain signals can drive the logic array. The logic array drives
the control and data signals, providing a flexible routing resource. The
row or column IOE clocks, 1o _clk[5..0], provide a dedicated routing
resource for low-skew, high-speed clocks. The global clock network
generates the IOE clocks that feed the row or column I/O regions (see
“Global Clock Network and Phase-Locked Loops” on page 2-29).
Figure 2-30 illustrates the signal paths through the I/O block.

Figure 2-30. Signal Path through the 1/0 Block
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Each IOE contains its own control signal selection for the following
control signals: oe, ce_in, ce _out, aclr/preset, sclr/preset,
clk in,and clk_out. Figure 2-31 illustrates the control signal
selection.
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1/0 Structure

Figure 2-32. Cyclone IOE in Bidirectional I/0 Configuration
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Bus Hold

The Cyclone device IOE includes programmable delays to ensure zero
hold times, minimize setup times, or increase clock to output times.

A path in which a pin directly drives a register may require a
programmable delay to ensure zero hold time, whereas a path in which a
pin drives a register through combinatorial logic may not require the
delay. Programmable delays decrease input-pin-to-logic-array and IOE
input register delays. The Quartus II Compiler can program these delays

Altera Corporation
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Slew-Rate Control

The output buffer for each Cyclone device I/O pin has a programmable
output slew-rate control that can be configured for low noise or
high-speed performance. A faster slew rate provides high-speed
transitions for high-performance systems. However, these fast transitions
may introduce noise transients into the system. A slow slew rate reduces
system noise, but adds a nominal delay to rising and falling edges. Each
I/0 pin has an individual slew-rate control, allowing the designer to
specify the slew rate on a pin-by-pin basis. The slew-rate control affects
both the rising and falling edges.

Bus Hold

Each Cyclone device I/O pin provides an optional bus-hold feature. The
bus-hold circuitry can hold the signal on an I/0 pin at its last-driven
state. Since the bus-hold feature holds the last-driven state of the pin until
the next input signal is present, an external pull-up or pull-down resistor
is not necessary to hold a signal level when the bus is tri-stated.

The bus-hold circuitry also pulls undriven pins away from the input
threshold voltage where noise can cause unintended high-frequency
switching. The designer can select this feature individually for each I/O
pin. The bus-hold output will drive no higher than V¢ to prevent
overdriving signals. If the bus-hold feature is enabled, the device cannot
use the programmable pull-up option. Disable the bus-hold feature when
the I/O pin is configured for differential signals.

The bus-hold circuitry uses a resistor with a nominal resistance (RBH) of
approximately 7 kQto pull the signal level to the last-driven state.

Table 4-15 on page 4-6 gives the specific sustaining current for each
Vcio voltage level driven through this resistor and overdrive current
used to identify the next-driven input level.

The bus-hold circuitry is only active after configuration. When going into
user mode, the bus-hold circuit captures the value on the pin present at
the end of configuration.

Programmable Pull-Up Resistor

Each Cyclone device I/O pin provides an optional programmable
pull-up resistor during user mode. If the designer enables this feature for
an I/0 pin, the pull-up resistor (typically 25 k<) holds the output to the
Vccio level of the output pin's bank. Dedicated clock pins do not have the
optional programmable pull-up resistor.
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1/0 Structure

and DM pins to support a DDR SDRAM or FCRAM interface. I/O bank 1
can also support a DDR SDRAM or FCRAM interface, however, the
configuration input pins in I/O bank 1 must operate at 2.5 V.I/O bank 3
can also support a DDR SDRAM or FCRAM interface, however, all the
JTAG pins in I/O bank 3 must operate at 2.5 V.

Figure 2-35. Cyclone I/0 Banks  Notes (1), (2)

1/0 Bank 2
1/0 Bank 1 /0 Bank 3
Also Supports Also Supports
the 3.3-V PCI the 3.3-V PCI
1/0 Standard All'l/0 Banks Support 1/0 Standard
W 3.3-VLVTTL/LVCMOS
W 2.5-VLVTTL/LVCMOS
| 1.8-VLVTTL/LVCMOS
W 1.5-VLVCMOS
1/0 Bank 1 W LVDS 1/0 Bank 3
W RSDS
W SSTL-2 Class | and Il
W SSTL-3 Class | and Il

Individual
Power Bus

1/0 Bank 4

Notes to Figure 2-35:
(1) Figure 2-35is a top view of the silicon die.
(2) Figure 2-35 is a graphic representation only. Refer to the pin list and the Quartus II software for exact pin locations.

Each I/Obank has its own VCCIO pins. 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 with different I/O voltages. Each bank also has
dual-purpose VREF pins to support any one of the voltage-referenced
standards (e.g., SSTL-3) independently. If an I/O bank does not use
voltage-referenced standards, the Vygg pins are available as user I/O pins.

Altera Corporation 2-53
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Power Sequencing and Hot Socketing

The Cyclone Vet pins must always be connected to a 1.5-V power
supply. If the Vcinr level is 1.5V, then input pins are 1.5-V, 1.8-V, 2.5-V,
and 3.3-V tolerant. The Vo pins can be connected 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 (i.e., when Vo pins are connected to a 1.5-V power
supply, the outputlevels are compatible with 1.5-V systems). When V¢io
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 2-14 summarizes
Cyclone MultiVolt I/O support.

Table 2-14. Cyclone MultiVolt I/0 Support  Note (1)

Input Signal Output Signal
Veeio (V)
15V | 1.8V | 25V | 3.3V | 5.0V | 1.5V | 1.8V | 25V | 3.3V | 5.0V
15 N v | volvel — v _ _ _ _
1.8 v v o v |lve|l — (YOI v — — —
2.5 — — v v — vV (5) | v (5) v — _
3.3 — — V@A v NVO| VOOV | VO

Notes to Table 2-14:

@
@

@)
4)

©)
(6)
@)
®

The PCI clamping diode must be disabled to drive an input with voltages higher than V¢cjo.

When Vcjp = 1.5-V or 1.8-V and a 2.5-V or 3.3-V input signal feeds an input pin, higher pin leakage current is
expected. Turn on Allow voltage overdrive for LVTTL / LVCMOS input pins in the Assignments > Device >
Device and Pin Options > Pin Placement tab when a device has this I/O combinations.

When Vo = 1.8-V, a Cyclone device can drive a 1.5-V device with 1.8-V tolerant inputs.

When Ve = 3.3-V and a 2.5-V input signal feeds an input pin, the Vo supply current will be slightly larger
than expected.

When Vo = 2.5-V, a Cyclone device can drive a 1.5-V or 1.8-V device with 2.5-V tolerant inputs.

Cyclone devices can be 5.0-V tolerant with the use of an external resistor and the internal PCI clamp diode.
When V¢jo = 3.3-V, a Cyclone device can drive a 1.5-V, 1.8-V, or 2.5-V device with 3.3-V tolerant inputs.

When Vo = 3.3-V, a Cyclone device can drive a device with 5.0-V LVTTL inputs but not 5.0-V LVCMOS inputs.

Power Because Cyclone devices can be used in a mixed-voltage environment,

they have been designed specifically to tolerate any possible power-up

Se q uencin g an d sequence. Therefore, the Vo and Vcnt power supplies may be
Hot SOCketing powered in any order.

Signals can be driven into Cyclone devices before and during power up
without damaging the device. In addition, Cyclone devices do not drive
out during power up. Once operating conditions are reached and the
device is configured, Cyclone devices operate as specified by the user.

Altera Corporation 2-55
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Operating Conditions

Table 4-16. Cyclone Device Capacitance  Note (14)

Symbol Parameter Typical Unit
Cio Input capacitance for user I/O pin 4.0 pF
Civps Input capacitance for dual-purpose LVDS/user 1/O pin 4.7 pF
CvRer Input capacitance for dual-purpose Vggg/user I/O pin. 12.0 pF
CopcLk Input capacitance for dual-purpose DPCLK/user I/O pin. 4.4 pF
Ceik Input capacitance for CLK pin. 4.7 pF

Notes to Tables 4-1 through 4-16:

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

(2) Conditions beyond those listed in Table 4-1 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)  Minimum DC input is -0.5 V. During transitions, the inputs may undershoot to —2.0 V or overshoot to 4.6 V for
input currents less than 100 mA and periods shorter than 20 ns.

(4) Maximum V¢ rise time is 100 ms, and V¢ must rise monotonically.

(5) All pins, including dedicated inputs, clock, I/O, and JTAG pins, may be driven before Vcnt and Vo are
powered.

(6) Typical values are for Ty =25° C, Veenr = 1.5V, and Vo =1.5V,1.8V,25V,and 3.3 V.

(7) V= ground, no load, no toggling inputs.

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

(9) Rcongr is the measured value of internal pull-up resistance when the I/O pin is tied directly to GND. Rcong value
will be lower if an external source drives the pin higher than Vccio.

(10) Pin pull-up resistance values will lower if an external source drives the pin higher than V¢cjo.

(11) Drive strength is programmable according to values in Cyclone Architecture chapter in the Cyclone Device Handbook.

(12) Overdrive is possible when a 1.5V or 1.8 V and a 2.5 V or 3.3 V input signal feeds an input pin. Turn on “Allow
voltage overdrive” for LVTTL/LVCMOS input pins in the Assignments > Device > Device and Pin Options > Pin
Placement tab when a device has this I/O combination. However, higher leakage current is expected.

(13) The Cyclone LVDS interface requires a resistor network outside of the transmitter channels.

(14) Capacitance is sample-tested only. Capacitance is measured using time-domain reflections (TDR). Measurement
accuracy is within 0.5 pF.

Altera Corporation 4-7
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Timing Model

Typically, the user-mode current during device operation is lower than
the power-up current in Table 4-17. Altera recommends using the
Cyclone Power Calculator, available on the Altera web site, to estimate
the user-mode Iyt consumption and then select power supplies or
regulators based on the higher value.

Timi ng M odel The DirectDrive technology and MultiTrack interconnect ensure
predictable performance, accurate simulation, and accurate timing
analysis across all Cyclone device densities and speed grades. This
section describes and specifies the performance, internal, external, and
PLL timing specifications.

All specifications are representative of worst-case supply voltage and
junction temperature conditions.

Preliminary and Final Timing

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 4-18 shows the
status of the Cyclone 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
worst-case voltage and junction temperature conditions.

Table 4-18. Cyclone Device Timing Model Status

Device Preliminary Final
EP1C3 —

EP1C4 —

EP1C6 —
EP1C12 —

EP1C20 —

ANENANANAN
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Figure 4-2. External Timing in Cyclone Devices
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All external I/O timing parameters shown are for 3.3-V LVTTL I/O
standard with the maximum current strength and fast slew rate. For
external I/O timing using standards other than LVTTL or for different
current strengths, use the I/O standard input and output delay adders in

Tables 4-40 through 4-44.

Table 4-29 shows the external I/O timing parameters when using global

clock networks.

Table 4-29. Cyclone Global Clock External I/0 Timing Parameters

Notes (1), (2) (Part10f2)

Symbol Parameter Conditions
tinsu Setup time for input or bidirectional pin using IOE input —
register with global clock fed by CLK pin
tinH Hold time for input or bidirectional pin using IOE input —
register with global clock fed by CLK pin
toutco Clock-to-output delay output or bidirectional pin using IOE | C oap = 10 pF
output register with global clock fed by CLK pin
tiNsuPLL Setup time for input or bidirectional pin using IOE input —
register with global clock fed by Enhanced PLL with default
phase setting
tINHPLL Hold time for input or bidirectional pin using IOE input —
register with global clock fed by enhanced PLL with default
phase setting
4-16 Altera Corporation
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Timing Model
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Tables 4-34 through 4-35 show the external timing parameters on column
and row pins for EP1C6 devices.

Table 4-34. EP1C6 Column Pin Global Clock External I/0 Timing Parameters

-6 Speed Grade | -7 Speed Grade | -8 Speed Grade
Symbol Unit
Min Max Min Max Min Max
tinsu 2.691 — 3.094 — 3.496 — ns
tinu 0.000 — 0.000 — 0.000 — ns
toutco 2.000 | 3917 | 2.000 | 4.503 | 2.000 | 5.093 ns
tinsupLL 1.513 — 1.739 — 1.964 — ns
tiNHPLL 0.000 — 0.000 — 0.000 — ns
toutcopLL | 0.500 | 2.038 | 0.500 | 2.343 | 0.500 | 2.651 ns

Table 4-35. EP1C6 Row Pin Global Clock External I/0 Timing Parameters

-6 Speed Grade | -7 Speed Grade | -8 Speed Grade
Symbol Unit
Min Max Min Max Min Max
tinsu 2.774 —  |3.190 — |3.605 — ns
tinu 0.000 — |0.000 — ]0.000 — ns
toutco 2.000 |[3.817 |2.000 [4.388 |[2.000 |4.963 ns
tinsupLL | 1.596 — |1.835 — |2.073 — ns
tiNHPLL 0.000 — |0.000 — ]0.000 — ns
toutcopLL |0.500 |1.938 |0.500 |[2.228 |0.500 |2.521 ns

Tables 4-36 through 4-37 show the external timing parameters on column
and row pins for EP1C12 devices.

Table 4-36. EP1G12 Column Pin Global Clock External I/0 Timing
Parameters (Part 1 of 2)

-6 Speed Grade | -7 Speed Grade | -8 Speed Grade
Symbol Unit
Min Max Min Max Min Max
tinsu 2.510 — 2.885 — 3.259 — ns
tinH 0.000 — 0.000 — 0.000 — ns
tOutco 2.000 | 3.798 | 2.000 | 4.367 | 2.000 | 4.940 ns
thSUPLL 1.588 —_— 1.824 — 2.061 — ns
4-19




Timing Model

Table 4-42. Cyclone I/0 Standard Output Delay Adders for Fast Slew Rate on Column Pins (Part 2 of 2)

-6 Speed Grade -7 Speed Grade -8 Speed Grade
Standard Unit

Min Max Min Max Min Max
25-VLVTTL |2mA — 329 — 378 — 427 ps
8 mA — —-661 — -761 — -860 ps
12 mA — —-655 — —754 — —-852 ps
16 mA — -795 — -915 — -1034 ps
1.8-VLVTTL |2mA — 4 — 4 — 5 ps
8 mA — -208 — -240 — -271 ps
12 mA — -208 — —-240 — -271 ps
15-VLVTTL |2mA — 2,288 — 2,631 — 2,974 ps
4 mA — 608 — 699 — 790 ps
8 mA — 292 — 335 — 379 ps
SSTL-3 class | — -410 — —472 — -533 ps
SSTL-3 class Il — -811 — -933 — -1,055 ps
SSTL-2 class | — —485 — -558 — —631 ps
SSTL-2 class Il — -758 — -872 — -986 ps
LVDS — -998 — -1,148 — -1,298 ps

Table 4-43. Cyclone I/0 Standard Output Delay Adders for Fast Slew Rate on Row Pins (Part 1 of 2)

-6 Speed Grade -7 Speed Grade -8 Speed Grade
Standard Unit
Min Max Min Max Min Max
LVCMOS 2mA — 0 — 0 — 0 ps
4 mA — -489 — -563 — -636 ps
8 mA — -855 — -984 — -1,112 ps
12 mA — -993 — -1,142 — -1,291 ps
3.3-VLVTTL [4mA — 0 — 0 — 0 ps
8 mA — -347 — -400 — —-452 ps
12 mA — -858 — -987 — -1,116 ps
16 mA — -819 — -942 — -1,065 ps
24 mA — -993 — -1,142 — -1,291 ps
25-VLVTTL [2mA — 329 — 378 — 427 ps
8 mA — —-661 — -761 — -860 ps
12 mA — —-655 — —754 — —-852 ps
16 mA — -795 — -915 — -1,034 ps
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Tahle 4-43. Cyclone I/0 Standard Output Delay Adders for Fast Slew Rate on Row Pins (Part 2 of 2)

-6 Speed Grade -7 Speed Grade -8 Speed Grade
Standard Unit

Min Max Min Max Min Max
1.8-VLVTTL |2mA — 1,290 — 1,483 — 1,677 ps
8 mA — 4 — 4 — 5 ps
12 mA — -208 — 240 — -271 ps
1.5-VLVTTL |2mA — 2,288 — 2,631 — 2,974 ps
4 mA — 608 — 699 — 790 ps
8 mA — 292 — 335 — 379 ps
3.3-VPCI (1) — -877 — -1,009 — -1,141 ps
SSTL-3 class | — -410 — —472 — -533 ps
SSTL-3 class Il — -811 — -933 — -1,055 ps
SSTL-2 class | — —485 — -558 — —631 ps
SSTL-2 class Il — -758 — -872 — -986 ps
LVDS — -998 — -1,148 — -1,298 ps

Tahle 4-44. Cyclone 1/0 Standard Output Delay Adders for Slow Slew Rate on Column Pins (Part 1 of 2)

-6 Speed Grade -7 Speed Grade -8 Speed Grade
1/0 Standard Unit
Min Max Min Max Min Max
LVCMOS 2mA — 1,800 — 2,070 — 2,340 ps
4mA — 1,311 — 1,507 — 1,704 ps
8 mA — 945 — 1,086 — 1,228 ps
12 mA — 807 — 928 — 1,049 ps
3.3-VLVTTL |4mA — 1,831 — 2,105 — 2,380 ps
8 mA — 1,484 — 1,705 — 1,928 ps
12 mA — 973 — 1,118 — 1,264 ps
16 mA — 1,012 — 1,163 — 1,315 ps
24 mA — 838 — 963 — 1,089 ps
25-VLVTTL [2mA — 2,747 — 3,158 — 3,570 ps
8 mA — 1,757 — 2,019 — 2,283 ps
12 mA — 1,763 — 2,026 — 2,291 ps
16 mA — 1,623 — 1,865 — 2,109 ps
1.8-VLVTTL [2mA — 5,506 — 6,331 — 7,157 ps
8 mA — 4,220 — 4,852 — 5,485 ps
12 mA — 4,008 — 4,608 — 5,209 ps
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