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Cyclone® devices contain a two-dimensional row- and column-based
architecture to implement custom logic. Column and row interconnects
of varying speeds provide signal interconnects between LABs and
embedded memory blocks.

The logic array consists of LABs, with 10 LEs in each LAB. An LE is a
small unit of logic providing efficient implementation of user logic
functions. LABs are grouped into rows and columns across the device.
Cyclone devices range between 2,910 to 20,060 LEs.

M4K RAM blocks are true dual-port memory blocks with 4K bits of
memory plus parity (4,608 bits). These blocks provide dedicated true
dual-port, simple dual-port, or single-port memory up to 36-bits wide at
up to 250 MHz. These blocks are grouped into columns across the device
in between certain LABs. Cyclone devices offer between 60 to 288 Kbits of
embedded RAM.

Each Cyclone device /O pinis fed by an1/O element (IOE) located at the
ends of LAB rows and columns around the periphery of the device. I/O
pins support various single-ended and differential /O standards, such as
the 66- and 33-MHz, 64- and 32-bit PCI standard and the LVDS I/0
standard at up to 640 Mbps. Each IOE contains a bidirectional I/O buffer
and three registers for registering input, output, and output-enable
signals. Dual-purpose DQS, DQ, and DM pins along with delay chains
(used to phase-align DDR signals) provide interface support with
external memory devices such as DDR SDRAM, and FCRAM devices at
up to 133 MHz (266 Mbps).

Cyclone devices provide a global clock network and up to two PLLs. The
global clock network consists of eight global clock lines that drive
throughout the entire device. The global clock network can provide
clocks for all resources within the device, such as IOEs, LEs, and memory
blocks. The global clock lines can also be used for control signals. Cyclone
PLLs provide general-purpose clocking with clock multiplication and
phase shifting as well as external outputs for high-speed differential I/O
support.

Figure 2-1 shows a diagram of the Cyclone EP1C12 device.
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MultiTrack
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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 2-9. R4 Interconnect Connections

Notes to Figure 2-9:
C4 interconnects can drive R4 interconnects.
This pattern is repeated for every LAB in the LAB row.
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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, M4K memory blocks, and row
and column IOEs. These column resources include:

B LUT chain interconnects within a LAB

B Register chain interconnects within a LAB

B C4interconnects traversing a distance of four blocks in an up and
down direction

Cyclone 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 combinatorial 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 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 2-10 shows the LUT chain and register chain
interconnects.

Altera Corporation
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In addition to true dual-port memory, the M4K memory blocks support
simple dual-port and single-port RAM. Simple dual-port memory
supports a simultaneous read and write. Single-port memory supports
non-simultaneous reads and writes. Figure 2-13 shows these different
M4K RAM memory port configurations.

Figure 2-13. Simple Dual-Port and Single-Port Memory Configurations
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Note to Figure 2-13:

(1) Two single-port memory blocks can be implemented in a single M4K block as long
as each of the two independent block sizes is equal to or less than half of the M4K
block size.

The memory blocks also enable mixed-width data ports for reading and
writing to the RAM ports in dual-port RAM configuration. For example,
the memory block can be written in x1 mode at port A and read out in x16
mode from port B.

The Cyclone memory architecture can implement fully synchronous
RAM by registering both the input and output signals to the M4K RAM
block. All M4K memory block inputs are registered, providing
synchronous write cycles. In synchronous operation, the memory block
generates its own self-timed strobe write enable (wren) signal derived
from a global clock. In contrast, a circuit using asynchronous RAM must
generate the RAM wren signal while ensuring its data and address
signals meet setup and hold time specifications relative to the wren

2-19
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Figure 2-19. Input/Output Clock Mode in Simple Dual-Port Mode  Notes (1), (2)
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Notes to Figure 2-19:

(1)  All registers shown except the rden register have asynchronous clear ports.

(2) Violating the setup or hold time on the address registers could corrupt the memory contents. This applies to both
read and write operations.

Altera Corporation 2-27
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Read/Write Clock Mode

The M4K memory blocks implement read /write clock mode for simple
dual-port memory. You can use up to two clocks in this mode. The write
clock controls the block's data inputs, wraddress, and wren. The read
clock controls the data output, rdaddress, and rden. The memory
blocks support independent clock enables for each clock and
asynchronous clear signals for the read- and write-side registers.

Figure 2-20 shows a memory block in read /write clock mode.

Figure 2-20. Read/Write Clock Mode in Simple Dual-Port Mode

Notes (1), (2)
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Notes to Figure 2-20:

(1) All registers shown except the rden register have asynchronous clear ports.
(2) Violating the setup or hold time on the address registers could corrupt the memory contents. This applies to both

read and write operations.
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1/0 Structure

Figure 2-28. Row I/0 Block Connection to the Interconnect
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Notes to Figure 2-28:

(1) The 21 data and control signals consist of three data out lines, io_dataout[2..0], three output enables,
io coe[2..0], threeinputclock enables, io _cce in[2..0], three output clock enables, io_cce out[2..0],
three clocks, io_cclk([2..0], three asynchronous clear signals, io_caclr[2..0], and three synchronous clear
signals, io_csclr[2..0].

(2) Each of the three IOEs in the row I/O block can have one io_datain input (combinatorial or registered) and one
comb_io datain (combinatorial) input.

Altera Corporation 2-41
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Figure 2-31. Control Signal Selection per I0E
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In normal bidirectional operation, you can use the input register for input
data requiring fast setup times. The input register can have its own clock
input and clock enable separate from the OE and output registers. The
output register can be used for data requiring fast clock-to-output
performance. The OE register is available for fast clock-to-output enable
timing. The OE and output register share the same clock source and the
same clock enable source from the local interconnect in the associated
LAB, dedicated I/O clocks, or the column and row interconnects.
Figure 2-32 shows the IOE in bidirectional configuration.
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output pins (nSTATUS and CONF_DONE) and all the JTAG pins inI/O
bank 3 must operate at 2.5 V because the Vo level of SSTL-2is 2.5 V.
I/Obanks 1, 2, 3, and 4 support DQS signals with DQ bus modes of x 8.

For x 8 mode, there are up to eight groups of programmable DQS and DQ
pins, I/O banks 1, 2, 3, and 4 each have two groups in the 324-pin and
400-pin FineLine BGA packages. Each group consists of one DQS pin, a
set of eight DQ pins, and one DM pin (see Figure 2-33). Each DQS pin
drives the set of eight DQ pins within that group.

Figure 2-33. Cyclone Device DQ and DQS Groups in x8 Mode Note (1)

Top, Bottom, Left, or Right I/0 Bank

ESleee TH 000 5

K oeeoe 5 000 [T

T

DQ Pins

Note to Figure 2-33:

DS Pin

L EEEEL

(1)  Each DQ group consists of one DQS pin, eight DQ pins, and one DM pin.

DM Pin

Table 2-10 shows the number of DQ pin groups per device.

Table 2-10. DQ Pin Groups (Part 1 of 2)

. Numberof x8D Total DQ Pin
Device Package Pin Groups ‘ 00u2t
EP1C3 100-pin TQFP (1) 3 24
144-pin TQFP 4 32
EP1C4 324-pin FineLine BGA 8 64
400-pin FineLine BGA 8 64
Altera Corporation 2-47
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Table 2-10. DQ Pin Groups (Part 2 of 2)
. Numberof x8DQ | Total DQ Pin
Device Package Pin Groups Count
EP1C6 144-pin TQFP 4 32
240-pin PQFP 4 32
256-pin FineLine BGA 4 32
EP1C12 240-pin PQFP 4 32
256-pin FineLine BGA 4 32
324-pin FineLine BGA 8 64
EP1C20 324-pin FineLine BGA 8 64
400-pin FineLine BGA 8 64

Note to Table 2-10:
(1) EP1C3 devices in the 100-pin TQFP package do not have any DQ pin groups in
I/Obank 1.

A programmable delay chain on each DQS pin allows for either a 90°
phase shift (for DDR SDRAM), or a 72° phase shift (for FCRAM) which
automatically center-aligns input DQS synchronization signals within the
data window of their corresponding DQ data signals. The phase-shifted
DQS signals drive the global clock network. This global DQS signal clocks
DQ signals on internal LE registers.

These DQS delay elements combine with the PLL’s clocking and phase
shift ability to provide a complete hardware solution for interfacing to
high-speed memory.

The clock phase shift allows the PLL to clock the DQ output enable and
output paths. The designer should use the following guidelines to meet
133 MHz performance for DDR SDRAM and FCRAM interfaces:

B The DQS signal must be in the middle of the DQ group it clocks

B Resynchronize the incoming data to the logic array clock using
successive LE registers or FIFO buffers

B LE registers must be placed in the LAB adjacent to the DQI/0O pin
column it is fed by

Figure 2-34 illustrates DDR SDRAM and FCRAM interfacing from the
I/0 through the dedicated circuitry to the logic array.

2-48 Altera Corporation
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Referenced This chapter references the following document:
Documents B Using PLLs in Cyclone Devices chapter in the Cyclone Device Handbook
Document Table 2-15 shows the revision history for this chapter.

Revision History

Table 2-15. Document Revision History

Date and
Document Changes Made Summary of Changes
Version
May 2008 Minor textual and style changes. Added “Referenced —
v1.6 Documents” section.
January 2007 e Added document revision history. —
v1.5 e Updated Figures 2—-17, 2-18, 2—-19, 2-20, 2-21, and 2-32.
August 2005 Minor updates. —
vi4

February 2005 |e Updated JTAG chain limits. Added test vector information. —

v1.3 Corrected Figure 2-12.

e Added a note to Tables 2-17 through 2-21 regarding violating
the setup or hold time.

October 2003 e Updated phase shift information. —

v1.2 o Added 64-bit PCI support information.
September Updated LVDS data rates to 640 Mbps from 311 Mbps. —
2003 v1.1

May 2003 v1.0 | Added document to Cyclone Device Handbook. —
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Operating Modes

The Cyclone architecture uses SRAM configuration elements that require
configuration data to be loaded each time the circuit powers up. The
process of physically loading the SRAM data into the device is called
configuration. During initialization, which occurs immediately after
configuration, the device resets registers, enables I/O pins, and begins to
operate as a logic device. Together, the configuration and initialization
processes are called command mode. Normal device operation is called
user mode.

SRAM configuration elements allow Cyclone devices to be reconfigured
in-circuit by loading new configuration data into the device. With real-
time reconfiguration, the device is forced into command mode with a
device pin. The configuration process loads different configuration data,
reinitializes the device, and resumes user-mode operation. Designers can
perform in-field upgrades by distributing new configuration files either
within the system or remotely.

A built-in weak pull-up resistor pulls all user I/O pins to Vo before
and during device configuration.

The configuration pins support 1.5-V/1.8-V or 2.5-V/3.3-V1/O
standards. The voltage level of the configuration output pins is
determined by the V¢ of the bank where the pins reside. The bank
Vcio selects whether the configuration inputs are 1.5-V, 1.8-V, 2.5-V, or
3.3-V compatible.

Configuration Schemes

Designers can load the configuration data for a Cyclone device with one
of three configuration schemes (see Table 3-5), chosen on the basis of the
target application. Designers can use a configuration device, intelligent
controller, or the JTAG port to configure a Cyclone device. A low-cost
configuration device can automatically configure a Cyclone device at
system power-up.

3-6 Altera Corporation
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= ® Characteristics
€51004-1.7
0 p erating Cyclone® devices are offered in both commercial, industrial, and
Conditi extended temperature grades. However, industrial-grade and extended-
onditons temperature-grade devices may have limited speed-grade availability.
Tables 4-1 through 4-16 provide information on absolute maximum
ratings, recommended operating conditions, DC operating conditions,
and capacitance for Cyclone devices.

Table 4-1. Cyclone Device Absolute Maximum Ratings  Notes (1), (2)

Symbol Parameter Conditions Minimum | Maximum Unit
Veont Supply voltage With respect to ground (3) -0.5 2.4 Vv
Veeio -0.5 4.6 \"
Veea Supply voltage With respect to ground (3) -0.5 24 \
V, DC input voltage -0.5 4.6 \
lout DC output current, per pin -25 25 mA
Tsta Storage temperature No bias —65 150 °C
Tams Ambient temperature Under bias —65 135 °C
T, Junction temperature BGA packages under bias — 135 °C

Table 4-2. Cyclone Device Recommended Operating Conditions (Part 1 of 2)

Symbol Parameter Conditions Minimum Maximum Unit

Veoint Supply voltage for internal logic (4) 1.425 1.575 Vv
and input buffers

Vecio Supply voltage for output buffers, (4) 3.00 3.60 Vv
3.3-V operation
Supply voltage for output buffers, (4) 2.375 2.625 \Y
2.5-V operation
Supply voltage for output buffers, (4) 1.71 1.89 \Y
1.8-V operation
Supply voltage for output buffers, (4) 1.4 1.6 \Y
1.5-V operation

V, Input voltage (3), (5) -0.5 41 Vv

Altera Corporation 4-1
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Table 4-8. 1.5-V I/0 Specifications

Symbol Parameter Conditions Minimum | Maximum Unit
Veeio Output supply voltage 1.4 1.6 \Y
Viy High-level input voltage 0.65 x Veeio +0.3 \Y

Vecio (12)
Vi Low-level input voltage -0.3 0.35 x \Y
Vecio
Vor High-level output voltage lon=—-2mA (11) 0.75 x — \
Vecio
VoL Low-level output voltage loo=2mA (11) — 0.25 x \Y
Vecio
Table 4-9. 2.5-V LVDS 1/0 Specifications  Note (13)
Symbol Parameter Conditions Minimum | Typical | Maximum | Unit
Vecio 1/0 supply voltage — 2.375 25 2.625 \
Vop Differential output voltage | R, =100 Q 250 — 550 mV
AVop Change in Vgp between R =100 Q — — 50 mV
high and low

Vos Output offset voltage R =100 Q 1.125 1.25 1.375 \

AVos Change in Vg between R. =100 Q — — 50 mV
high and low

\m Differential input threshold | Vgy=1.2V -100 — 100 mV

Vin Receiver input voltage — 0.0 — 2.4 \
range

R, Receiver differential input — 90 100 110 Q
resistor

Table 4-10. 3.3-V PCI Specifications (Part 1 of 2)

Symbol Parameter Conditions Minimum | Typical | Maximum | Unit
Veeio Output supply voltage — 3.0 3.3 3.6 \Y
Viy High-level input voltage — 0.5 x — Veeio + \

Vecio 0.5
Vi Low-level input voltage — -0.5 — 0.3 x \
Vecio
4-4 Altera Corporation
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Table 4-20. Cyclone Device Performance

Resources Used Performance
Resource | Design Sizeand | . . M4K M4K | -6Speed | -7 Speed | -8 Speed
Used Function LEs | Memory | Memory | Grade | Grade | Grade
Bits | Blocks | (MHz) | (MHz) | (MHz)
M4K RAM 128 x 36 bit | Single port | — 4,608 1 256.00 | 222.67 | 197.01
g:er';ory RAM 128 x 36 bit | Simple — 4,608 1 255.95 | 22267 | 196.97
oc dual-port
mode
RAM 256 x 18 bit | True dual- — 4,608 1 255.95 | 22267 | 196.97
port mode
FIFO 128 x 36 bit — 40 4,608 1 256.02 | 222.67 | 197.01
Shift register Shift 11 4,536 1 255.95 | 22267 | 196.97
9x4x128 register

Note to Table 4-20:
(1) The performance numbers for this function are from an EP1C6 device in a 240-pin PQFP package.

Internal Timing Parameters

Internal timing parameters are specified on a speed grade basis
independent of device density. Tables 4-21 through 4-24 describe the
Cyclone device internal timing microparameters for LEs, IOEs, M4K
memory structures, and MultiTrack interconnects.

Table 4-21. LE Internal Timing Microparameter Descriptions

Symbol

Parameter

tsu

LE register setup time before clock

ty

LE register hold time after clock

tco

LE register clock-to-output delay

tLur

LE combinatorial LUT delay for data-in to data-out

teLr

Minimum clear pulse width

trre

Minimum preset pulse width

toLkHL

Minimum clock high or low time

Altera Corporation

May 2008
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Table 4-24. Routing Delay Internal Timing Microparameter Descriptions

Parameter

Delay for an R4 line with average loading; covers a distance
of four LAB columns

Delay for an C4 line with average loading; covers a distance
of four LAB rows

Symbol
tra
tca
tLocaL

Local interconnect delay

Figure 4-1 shows the memory waveforms for the M4K timing parameters
shown in Table 4-23.

Figure 4-1. Dual-Port RAM Timing Microparameter Waveform
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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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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
Altera Corporation 4-23
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This chapter references the following documents:

B Cyclone Architecture chapter in the Cyclone Device Handbook
B Operating Requirements for Altera Devices Data Sheet

Table 4-53 shows the revision history for this chapter.
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