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1. Introduction

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

Features 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 I/O support
■ Low-speed (311 Mbps) LVDS I/O support
■ 311-Mbps RSDS I/O 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 × 36 bits) 13 17 20 52 64

C51001-1.5
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Document Revision History

to the appropriate plane on the board. The Quartus II software reserves 
I/O pins as power pins as necessary for layout with the larger densities 
in the same package having more power pins.

Document 
Revision History

Table 1–4 shows the revision history for this document.

Table 1–3. Cyclone QFP and FineLine BGA Package Sizes

Dimension 100-Pin 
TQFP

144-Pin 
TQFP

240-Pin 
PQFP

256-Pin 
FineLine 

BGA

324-Pin 
FineLine 

BGA

400-Pin 
FineLine 

BGA

Pitch (mm) 0.5 0.5 0.5 1.0 1.0 1.0

Area (mm2) 256 484 1,024 289 361 441

Length × width 
(mm × mm)

16×16 22×22 34.6×34.6 17×17 19×19 21×21

Table 1–4. Document Revision History

Date and 
Document 

Version
Changes Made Summary of Changes

May 2008
v1.5

Minor textual and style changes. —

January 2007 
v1.4

Added document revision history. —

August 2005 
v1.3

Minor updates. —

October 2003 
v1.2

Added 64-bit PCI support information. —

September 
2003 v1.1

● Updated LVDS data rates to 640 Mbps from 311 Mbps.
● Updated RSDS feature information.

—

May 2003 v1.0 Added document to Cyclone Device Handbook. —
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Logic Array Blocks

Logic Array 
Blocks

Each LAB consists of 10 LEs, LE carry chains, LAB control signals, a local 
interconnect, look-up table (LUT) chain, and register chain connection 
lines. 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 a LAB. The Quartus® II Compiler places 
associated logic within a LAB or adjacent LABs, allowing the use of local, 
LUT chain, and register chain connections for performance and area 
efficiency. Figure 2–2 details the Cyclone LAB.

Figure 2–2. Cyclone LAB Structure

LAB Interconnects

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, PLLs, and M4K RAM 
blocks from the left and right can also drive a LAB's local interconnect 
through the direct link connection. The direct link connection feature 
minimizes the use of row and column interconnects, providing higher 
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Figure 2–5. Cyclone LE 

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 I/O pins, or any internal logic can drive the register's 
clock and clear control signals. Either general-purpose I/O pins or 
internal logic 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 combinatorial functions, the LUT output 
bypasses the register and drives directly to the LE outputs.
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resources. The LUT or register output can drive these three outputs 
independently. Two LE outputs drive column or row and direct link 
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Logic Elements

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.

LUT Chain and Register Chain

In addition to the three general routing outputs, the LEs within a LAB 
have LUT chain and register chain outputs. LUT chain connections allow 
LUTs within the same LAB to cascade together for wide input functions. 
Register chain outputs allow registers within the same LAB to cascade 
together. The register chain output allows a LAB to use LUTs for a single 
combinatorial function and the registers to be used for an unrelated shift 
register implementation. These resources speed up connections between 
LABs while saving local interconnect resources. “MultiTrack 
Interconnect” on page 2–12 for more information on LUT chain and 
register chain connections.

addnsub Signal

The LE's dynamic adder/subtractor feature saves logic resources by 
using one set of LEs to implement both an adder and a subtractor. This 
feature is controlled by the LAB-wide control signal addnsub. The 
addnsub signal sets the LAB to perform either A + B or A − B. The LUT 
computes addition; subtraction is computed by adding the two's 
complement of the intended subtractor. The LAB-wide signal converts to 
two's complement by inverting the B bits within the LAB and setting 
carry-in = 1 to add one to the least significant bit (LSB). The LSB of an 
adder/subtractor must be placed in the first LE of the LAB, where the 
LAB-wide addnsub signal automatically sets the carry-in to 1. The 
Quartus II Compiler automatically places and uses the adder/subtractor 
feature when using adder/subtractor parameterized functions.

LE Operating Modes

The Cyclone LE can operate in one of the following modes:

■ Normal mode
■ Dynamic arithmetic mode

Each mode uses LE resources differently. In each mode, eight available 
inputs to the LE⎯the four data inputs from the LAB local interconnect, 
carry-in0 and carry-in1 from the previous LE, the LAB carry-in 
from the previous carry-chain LAB, and the register chain connection⎯are 
directed to different destinations to implement the desired logic function. 
LAB-wide signals provide clock, asynchronous clear, asynchronous 
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Logic Elements

Figure 2–8 shows the carry-select circuitry in a 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. A LAB-wide carry-in bit selects which chain is used for the addition 
of given inputs. The carry-in signal for each chain, carry-in0 or 
carry-in1, 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 2–8. Carry Select Chain
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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.

MultiTrack 
Interconnect

In the Cyclone architecture, connections between LEs, M4K memory 
blocks, and device I/O pins are provided by the MultiTrack interconnect 
structure with DirectDriveTM 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 
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Figure 2–11. C4 Interconnect Connections Note (1)

Note to Figure 2–11:
(1) Each C4 interconnect can drive either up or down four rows.
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Embedded Memory

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

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.
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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)

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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Figure 2–24. I/O Clock Regions
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to automatically minimize setup time while providing a zero hold time. 
Programmable delays can increase the register-to-pin delays for output 
registers. Table 2–9 shows the programmable delays for Cyclone devices.

There are two paths in the IOE for a combinatorial input to reach the logic 
array. Each of the two paths can have a different delay. This allows you 
adjust delays from the pin to internal LE registers that reside in two 
different areas of the device. The designer sets the two combinatorial 
input delays by selecting different delays for two different paths under 
the Decrease input delay to internal cells logic option in the Quartus II 
software. When the input signal requires two different delays for the 
combinatorial input, the input register in the IOE is no longer available.

The IOE registers in Cyclone devices share the same source for clear or 
preset. The designer can program preset or clear for each individual IOE. 
The designer can also program the registers to power up high or low after 
configuration is complete. If programmed to power up low, an 
asynchronous clear can control the registers. If programmed to power up 
high, an asynchronous preset can control the registers. This feature 
prevents the inadvertent activation of another device's active-low input 
upon power up. If one register in an IOE uses a preset or clear signal then 
all registers in the IOE must use that same signal if they require preset or 
clear. Additionally a synchronous reset signal is available to the designer 
for the IOE registers.

External RAM Interfacing

Cyclone devices support DDR SDRAM and FCRAM interfaces at up to 
133 MHz through dedicated circuitry.

DDR SDRAM and FCRAM

Cyclone devices have dedicated circuitry for interfacing with DDR 
SDRAM. All I/O banks support DDR SDRAM and FCRAM I/O pins. 
However, the configuration input pins in bank 1 must operate at 2.5 V 
because the SSTL-2 VCCIO level is 2.5 V. Additionally, the configuration 

Table 2–9. Cyclone Programmable Delay Chain

Programmable Delays Quartus II Logic Option

Input pin to logic array delay Decrease input delay to internal cells

Input pin to input register delay Decrease input delay to input registers

Output pin delay Increase delay to output pin
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Each I/O bank can support multiple standards with the same VCCIO for 
input and output pins. For example, when VCCIO is 3.3-V, a bank can 
support LVTTL, LVCMOS, 3.3-V PCI, and SSTL-3 for inputs and outputs.

LVDS I/O Pins

A subset of pins in all four I/O banks supports LVDS interfacing. These 
dual-purpose LVDS pins require an external-resistor network at the 
transmitter channels in addition to 100-Ω termination resistors on 
receiver channels. These pins do not contain dedicated serialization or 
deserialization circuitry; therefore, internal logic performs serialization 
and deserialization functions.

Table 2–13 shows the total number of supported LVDS channels per 
device density.

MultiVolt I/O Interface

The Cyclone architecture supports the MultiVolt I/O interface feature, 
which allows Cyclone devices in all packages to interface with systems of 
different supply voltages. The devices have one set of VCC pins for 
internal operation and input buffers (VCCINT), and four sets for I/O 
output drivers (VCCIO).

Table 2–13. Cyclone Device LVDS Channels

Device Pin Count Number of LVDS Channels

EP1C3 100 (1)

144 34

EP1C4 324 103

400 129

EP1C6 144 29

240 72

256 72

EP1C12 240 66

256 72

324 103

EP1C20 324 95

400 129

Note to Table 2–13:
(1) EP1C3 devices in the 100-pin TQFP package do not support the LVDS I/O 

standard.
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Referenced 
Documents

This chapter references the following document:

■ Using PLLs in Cyclone Devices chapter in the Cyclone Device Handbook

Document 
Revision History

Table 2–15 shows the revision history for this chapter.

Table 2–15. Document Revision History

Date and 
Document 

Version
Changes Made Summary of Changes

May 2008
v1.6

Minor textual and style changes. Added “Referenced 
Documents” section.

—

January 2007 
v1.5

● Added document revision history.
● Updated Figures 2–17, 2–18, 2–19, 2–20, 2–21, and 2–32.

—

August 2005 
v1.4

Minor updates. —

February 2005 
v1.3

● Updated JTAG chain limits. Added test vector information.
● Corrected Figure 2-12.
● Added a note to Tables 2-17 through 2-21 regarding violating 

the setup or hold time.

—

October 2003 
v1.2

● Updated phase shift information.
● Added 64-bit PCI support information.

—

September 
2003 v1.1

Updated LVDS data rates to 640 Mbps from 311 Mbps. —

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

http://www.altera.com/literature/hb/cyc/cyc_c51006.pdf
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IEEE Std. 1149.1 (JTAG) Boundary Scan Support

The Cyclone device instruction register length is 10 bits and the 
USERCODE register length is 32 bits. Tables 3–2 and 3–3 show the 
boundary-scan register length and device IDCODE information for 
Cyclone devices.

Table 3–2. Cyclone Boundary-Scan Register Length

Device Boundary-Scan Register Length

EP1C3 339

EP1C4 930

EP1C6 582

EP1C12 774

EP1C20 930

Table 3–3. 32-Bit Cyclone Device IDCODE

Device

IDCODE (32 bits) (1)

Version (4 Bits) Part Number (16 Bits) Manufacturer Identity 
(11 Bits) LSB (1 Bit) (2)

EP1C3 0000 0010 0000 1000 0001 000 0110 1110 1

EP1C4 0000 0010 0000 1000 0101 000 0110 1110 1

EP1C6 0000 0010 0000 1000 0010 000 0110 1110 1

EP1C12 0000 0010 0000 1000 0011 000 0110 1110 1

EP1C20 0000 0010 0000 1000 0100 000 0110 1110 1

Notes to Table 3–3:
(1) The most significant bit (MSB) is on the left.
(2) The IDCODE’s least significant bit (LSB) is always 1.
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Internal timing parameters are specified on a speed grade basis 
independent of device density. Tables 4–25 through 4–28 show the 
internal timing microparameters for LEs, IOEs, TriMatrix memory 
structures, DSP blocks, and MultiTrack interconnects. 

Table 4–25. LE Internal Timing Microparameters

Symbol
-6 -7 -8

Unit
Min Max Min Max Min Max

tSU 29 — 33 — 37 — ps 

tH 12 — 13 — 15 — ps 

tCO — 173 — 198 — 224 ps 

tLUT — 454 — 522 — 590 ps 

tCLR 129 — 148 — 167 — ps 

tPRE 129 — 148 — 167 — ps 

tCLKHL 1,234 — 1,562 — 1,818 — ps 

Table 4–26. IOE Internal Timing Microparameters

Symbol
-6 -7 -8

Unit
Min Max Min Max Min Max

tSU 348 — 400 — 452 — ps

tH 0 — 0 — 0 — ps

tCO — 511 — 587 — 664 ps

tPIN2COMBOUT_R — 1,130 — 1,299 — 1,469 ps

tPIN2COMBOUT_C — 1,135 — 1,305 — 1,475 ps

tCOMBIN2PIN_R — 2,627 — 3,021 — 3,415 ps

tCOMBIN2PIN_C — 2,615 — 3,007 — 3,399 ps

tCLR 280 — 322 — 364 — ps

tPRE 280 — 322 — 364 — ps

tCLKHL 1,234 — 1,562 — 1,818 — ps
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Tables 4–46 through 4–47 show the adder delays for the IOE 
programmable delays. These delays are controlled with the Quartus II 
software options listed in the Parameter column.

SSTL-3 class I — 1,390 — 1,598 — 1,807 ps

SSTL-3 class II — 989 — 1,137 — 1,285 ps

SSTL-2 class I — 1,965 — 2,259 — 2,554 ps

SSTL-2 class II — 1,692 — 1,945 — 2,199 ps

LVDS — 802 — 922 — 1,042 ps

Note to Tables 4–40 through 4–45:
(1) EP1C3 devices do not support the PCI I/O standard.

Table 4–45. Cyclone I/O Standard Output Delay Adders for Slow Slew Rate on Row Pins  (Part 2 of 2)

I/O Standard
-6 Speed Grade -7 Speed Grade -8 Speed Grade

Unit
Min Max Min Max Min Max

Table 4–46. Cyclone IOE Programmable Delays on Column Pins

Parameter Setting
-6 Speed Grade -7 Speed Grade -8 Speed Grade

Unit
Min Max Min Max Min Max

Decrease input delay to 
internal cells

Off — 155 — 178 — 201 ps

Small — 2,122 — 2,543 — 2,875 ps

Medium — 2,639 — 3,034 — 3,430 ps

Large — 3,057 — 3,515 — 3,974 ps

On — 155 — 178 — 201 ps

Decrease input delay to 
input register

Off — 0 — 0 — 0 ps

On — 3,057 — 3,515 — 3,974 ps

Increase delay to output 
pin

Off — 0 — 0 — 0 ps

On — 552 — 634 — 717 ps
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Maximum Input and Output Clock Rates

Tables 4–48 and 4–49 show the maximum input clock rate for column and 
row pins in Cyclone devices.  

Table 4–47. Cyclone IOE Programmable Delays on Row Pins

Parameter Setting
-6 Speed Grade -7 Speed Grade -8 Speed Grade

Unit
Min Max Min Max Min Max

Decrease input delay to 
internal cells

Off — 154 — 177 — 200 ps

Small — 2,212 — 2,543 — 2,875 ps

Medium — 2,639 — 3,034 — 3,430 ps

Large — 3,057 — 3,515 — 3,974 ps

On — 154 — 177 — 200 ps

Decrease input delay to input 
register

Off — 0 — 0 — 0 ps

On — 3,057 — 3,515 — 3,974 ps

Increase delay to output pin Off — 0 — 0 — 0 ps

On — 556 — 639 — 722 ps

Note to Table 4–47:
(1) EPC1C3 devices do not support the PCI I/O standard.

Table 4–48. Cyclone Maximum Input Clock Rate for Column Pins

I/O Standard -6 Speed 
Grade

-7 Speed 
Grade

-8 Speed 
Grade Unit

LVTTL 464 428 387 MHz

2.5 V 392 302 207 MHz

1.8 V 387 311 252 MHz

1.5 V 387 320 243 MHz

LVCMOS 405 374 333 MHz

SSTL-3 class I 405 356 293 MHz

SSTL-3 class II 414 365 302 MHz

SSTL-2 class I 464 428 396 MHz

SSTL-2 class II 473 432 396 MHz

LVDS 567 549 531 MHz
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