
Cyclone IV Architecture - Logic Element (LE)
I Smallest units of logic in the IC
I Four-input LUT (LE)
I Programmable Register
I Carry Chain and Register Chain Connection
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Figure 2–1 shows the LEs for Cyclone IV devices.

LE Features
You can configure the programmable register of each LE for D, T, JK, or SR flipflop 
operation. Each register has data, clock, clock enable, and clear inputs. Signals that 
use the global clock network, general-purpose I/O pins, or any internal logic can 
drive the clock and clear control signals of the register. Either general-purpose I/O 
pins or the internal logic can drive the clock enable. 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 independently drives these three outputs. Two LE outputs 
drive the column or row and direct link routing connections, while one LE drives the 
local interconnect resources. This allows the LUT to drive one output while the 
register drives another output. This feature, called register packing, improves device 
utilization because the device can use the register and the LUT for unrelated 
functions. The LAB-wide synchronous load control signal is not available when using 
register packing. For more information about the synchronous load control signal, 
refer to “LAB Control Signals” on page 2–6.

The register feedback mode allows the register output to feed back into the LUT of the 
same LE to ensure that the register is packed with its own fan-out LUT, providing 
another mechanism for improved fitting. The LE can also drive out registered and 
unregistered versions of the LUT output.

Figure 2–1. Cyclone IV Device LEs 
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Cyclone IV Architecture - Logic Element (LE)

I Normal Mode
I Retains 4-input LUT
I For General Logic Applications
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In addition to the three general routing outputs, LEs in an LAB have register chain 
outputs, which allows registers in the same LAB to cascade together. The register 
chain output allows the LUTs to be used for combinational functions and the registers 
to be used for an unrelated shift register implementation. These resources speed up 
connections between LABs while saving local interconnect resources.

LE Operating Modes
Cyclone IV LEs operate in the following modes:

■ Normal mode

■ Arithmetic mode

The Quartus® II software automatically chooses the appropriate mode for common 
functions, such as counters, adders, subtractors, and arithmetic functions, in 
conjunction with parameterized functions such as the library of parameterized 
modules (LPM) functions. You can also create special-purpose functions that specify 
which LE operating mode to use for optimal performance, if required.

Normal Mode
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 (Figure 2–2). The Quartus II Compiler automatically selects the 
carry-in (cin) or the data3 signal as one of the inputs to the LUT. LEs in normal mode 
support packed registers and register feedback.

Figure 2–2 shows LEs in normal mode.

Figure 2–2. Cyclone IV Device LEs in Normal Mode
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Cyclone IV Architecture - Logic Element (LE)

I Arithmetic Mode
I Two 3-input LUTs
I For Adders, Counters, Accumulators, Comparators
I LE implements two-bit full adder, and carry chain
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Arithmetic Mode
Arithmetic mode is ideal for implementing adders, counters, accumulators, and 
comparators. An LE in arithmetic mode implements a 2-bit full adder and basic carry 
chain (Figure 2–3). LEs in arithmetic mode can drive out registered and unregistered 
versions of the LUT output. Register feedback and register packing are supported 
when LEs are used in arithmetic mode.

Figure 2–3 shows LEs in arithmetic mode.

The Quartus II Compiler automatically creates carry chain logic during design 
processing. You can also manually create the carry chain logic 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 16 LEs by automatically 
linking LABs in the same column. For enhanced fitting, a long carry chain runs 
vertically, which allows fast horizontal connections to M9K memory blocks or 
embedded multipliers through direct link interconnects. For example, if a design has a 
long carry chain in an LAB column next to a column of M9K memory blocks, any LE 
output can feed an adjacent M9K memory block through the direct link interconnect. 
If the carry chains run horizontally, any LAB which is not next to the column of M9K 
memory blocks uses other row or column interconnects to drive a M9K memory 
block. A carry chain continues as far as a full column.

Figure 2–3. Cyclone IV Device LEs in Arithmetic Mode
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Cyclone IV Architecture - Logic Array Blocks
I Logic Array Blocks contain 16 LEs
I Hierarchical routing resources, inter-LAB, extra-LAB
I Allows choosing of optimum wiring resource
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Logic Array Blocks
Logic array blocks (LABs) contain groups of LEs.

Topology
Each LAB consists of the following features:

■ 16 LEs

■ LAB control signals

■ LE carry chains

■ Register chains

■ Local interconnect

The local interconnect transfers signals between LEs in the same LAB. Register chain 
connections transfer the output of one LE register to the adjacent LE register in an 
LAB. The Quartus II Compiler places associated logic in an LAB or adjacent LABs, 
allowing the use of local and register chain connections for performance and area 
efficiency.

Figure 2–4 shows the LAB structure for Cyclone IV devices.

Figure 2–4. Cyclone IV Device LAB Structure
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Cyclone IV Architecture - Embedded Memory

I 66 blocks of 8K (1024) bit SRAM in columns
I RAM, ROM, FIFO, shift register
I One parity bit for each byte
I Fully synchronous SRAM (registered data and address)
I Memory can be preloaded during initialization
I Multiple configurations possible
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I Memory Configurations
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1 Violating the setup or hold time on the M9K memory block input registers may 
corrupt memory contents. This applies to both read and write operations.

Single-Port Mode
Single-port mode supports non-simultaneous read and write operations from a single 
address. Figure 3–6 shows the single-port memory configuration for Cyclone IV 
devices M9K memory blocks.

During a write operation, the behavior of the RAM outputs is configurable. If you 
activate rden during a write operation, the RAM outputs show either the new data 
being written or the old data at that address. If you perform a write operation with 
rden deactivated, the RAM outputs retain the values they held during the most recent 
active rden signal.

To choose the desired behavior, set the Read-During-Write option to either New Data 
or Old Data in the RAM MegaWizard Plug-In Manager in the Quartus II software. For 
more information about read-during-write mode, refer to “Read-During-Write 
Operations” on page 3–15. 

The port width configurations for M9K blocks in single-port mode are as follow:

■ 8192 × 1

■ 4096 × 2

■ 2048 × 4

■ 1024 × 8

■ 1024 × 9

■ 512 × 16

■ 512 × 18

■ 256 × 32

■ 256 × 36

Figure 3–6. Single-Port Memory (1),  (2)

Notes to Figure 3–6:

(1) You can implement two single-port memory blocks in a single M9K block.
(2) For more information, refer to “Packed Mode Support” on page 3–4.
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Figure 3–7 shows a timing waveform for read and write operations in single-port 
mode with unregistered outputs. Registering the outputs of the RAM simply delays 
the q output by one clock cycle.

Simple Dual-Port Mode
Simple dual-port mode supports simultaneous read and write operations to different 
locations. Figure 3–8 shows the simple dual-port memory configuration.

Cyclone IV devices M9K memory blocks support mixed-width configurations, 
allowing different read and write port widths. Table 3–3 lists mixed-width 
configurations.

Figure 3–7. Cyclone IV Devices Single-Port Mode Timing Waveform
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Figure 3–8. Cyclone IV Devices Simple Dual-Port Memory    (1)

Note to Figure 3–8:

(1) Simple dual-port RAM supports input or output clock mode in addition to the read or write clock mode shown. 
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Table 3–3.  Cyclone IV Devices M9K Block Mixed-Width Configurations (Simple Dual-Port Mode)   (Part 1 of 2)

Read Port
Write Port

8192 × 1 4096 × 2 2048 × 4 1024 × 8 512 × 16 256 × 32 1024 × 9 512 × 18 256 × 36

8192 × 1 v v v v v v — — —

4096 × 2 v v v v v v — — —

2048 × 4 v v v v v v — — —

1024 × 8 v v v v v v — — —

Simple, Two-Port Memory
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True Dual-Port Mode
True dual-port mode supports any combination of two-port operations: two reads, 
two writes, or one read and one write, at two different clock frequencies. Figure 3–10 
shows Cyclone IV devices true dual-port memory configuration.

1 The widest bit configuration of the M9K blocks in true dual-port mode is 512 × 16-bit 
(18-bit with parity).

Table 3–4 lists the possible M9K block mixed-port width configurations.

In true dual-port mode, M9K memory blocks support separate wren and rden signals. 
You can save power by keeping the rden signal low (inactive) when not reading. 
Read-during-write operations to the same address can either output “New Data” at 
that location or “Old Data”. To choose the desired behavior, set the Read-During-
Write option to either New Data or Old Data in the RAM MegaWizard Plug-In 
Manager in the Quartus II software. For more information about this behavior, refer to 
“Read-During-Write Operations” on page 3–15. 

Figure 3–10. Cyclone IV Devices True Dual-Port Memory    (1)

Note to Figure 3–10:

(1) True dual-port memory supports input or output clock mode in addition to the independent clock mode shown.
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Table 3–4.  Cyclone IV Devices M9K Block Mixed-Width Configurations (True Dual-Port Mode) 

Read Port
Write Port

8192 × 1 4096 × 2 2048 × 4 1024 × 8 512 × 16 1024 × 9 512 × 18

8192 × 1 v v v v v — —

4096 × 2 v v v v v — —

2048 × 4 v v v v v — —

1024 × 8 v v v v v — —

512 × 16 v v v v v — —

1024 × 9 — — — — — v v
512 × 18 — — — — — v v

True Dual Port Memory

Figure 1: SCFIFO and DCFIFO IP Cores Input and Output Signals
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For the SCFIFO block, the read and write signals are synchronized to the same clock; for the DCFIFO
block, the read and write signals are synchronized to the rdclk and wrclk clocks respectively. The
prefixes wr and rd represent the signals that are synchronized by the wrclk and rdclk clocks respectively.

Table 2: Input and Output Ports Description

This table lists the signals of the IP cores. The term “series” refers to all the device families of a particular device.
For example, “Stratix series” refers to the Stratix IV and Stratix V, unless specified otherwise.

Port Type Required Description

clock (1) Input Yes Positive-edge-triggered clock.
wrclk(2) Input Yes Positive-edge-triggered clock.

Use to synchronize the following ports:

• data

• wrreq

• wrfull

• wrempty

• wrusedw

rdclk(2) Input Yes Positive-edge-triggered clock.

Use to synchronize the following ports:

• q

• rdreq

• rdfull

• rdempty

• rdusedw

(1) Only applicable for the SCFIFO IP core.
(2) Applicable for both of the DCFIFO IP cores.

UG-MFNALT_FIFO
2015.11.02 SCFIFO and DCFIFO Signals 3
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Cyclone IV Architecture - Embedded Memory
I Memory Configurations - Shift Register Mode

I Used to implement shift registers for DSP applications
I Shift register sized by: width × tap length × number taps
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Figure 3–12 shows the Cyclone IV devices M9K memory block in shift register mode.

ROM Mode
Cyclone IV devices M9K memory blocks support ROM mode. A .mif initializes the 
ROM contents of these blocks. The address lines of the ROM are registered. The 
outputs can be registered or unregistered. The ROM read operation is identical to the 
read operation in the single-port RAM configuration.

FIFO Buffer Mode
Cyclone IV devices M9K memory blocks support single-clock or dual-clock FIFO 
buffers. Dual clock FIFO buffers are useful when transferring data from one clock 
domain to another clock domain. Cyclone IV devices M9K memory blocks do not 
support simultaneous read and write from an empty FIFO buffer.

f For more information about FIFO buffers, refer to the Single- and Dual-Clock FIFO 
Megafunction User Guide.

Figure 3–12. Cyclone IV Devices Shift Register Mode Configuration

W

w × m × n Shift Register

m-Bit Shift Register

m-Bit Shift Register

m-Bit Shift Register

m-Bit Shift Register

W

W

W

W

W

W

W

n Number of Taps



Cyclone IV Architecture - Embedded Multipliers

I Cyclone IV (CE22) : 132, 9x9 or 66, 18x18 multipliers
I Cascadable for wider operations
I Handles signed or unsigned data
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4. Embedded Multipliers in 
Cyclone IV Devices

Cyclone® IV devices include a combination of on-chip resources and external 
interfaces that help increase performance, reduce system cost, and lower the power 
consumption of digital signal processing (DSP) systems. Cyclone IV devices, either 
alone or as DSP device co-processors, are used to improve price-to-performance ratios 
of DSP systems. Particular focus is placed on optimizing Cyclone IV devices for 
applications that benefit from an abundance of parallel processing resources, which 
include video and image processing, intermediate frequency (IF) modems used in 
wireless communications systems, and multi-channel communications and video 
systems.

This chapter contains the following sections:

■ “Embedded Multiplier Block Overview” on page 4–1

■ “Architecture” on page 4–2

■ “Operational Modes” on page 4–4

Embedded Multiplier Block Overview
Figure 4–1 shows one of the embedded multiplier columns with the surrounding logic 
array blocks (LABs). The embedded multiplier is configured as either one 18 × 18 
multiplier or two 9 × 9 multipliers. For multiplications greater than 18 × 18, the 
Quartus® II software cascades multiple embedded multiplier blocks together. There 
are no restrictions on the data width of the multiplier, but the greater the data width, 
the slower the multiplication process.

Figure 4–1. Embedded Multipliers Arranged in Columns with Adjacent LABs
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Figure 4–2 shows the multiplier block architecture.

Input Registers
You can send each multiplier input signal into an input register or directly into the 
multiplier in 9- or 18-bit sections, depending on the operational mode of the 
multiplier. You can send each multiplier input signal through a register independently 
of other input signals. For example, you can send the multiplier Data A signal through 
a register and send the Data B signal directly to the multiplier.

The following control signals are available for each input register in the embedded 
multiplier:

■ clock

■ clock enable

■ asynchronous clear

All input and output registers in a single embedded multiplier are fed by the same 
clock, clock enable, and asynchronous clear signals.

Multiplier Stage
The multiplier stage of an embedded multiplier block supports 9 × 9 or 18 × 18 
multipliers, as well as other multipliers between these configurations. Depending on 
the data width or operational mode of the multiplier, a single embedded multiplier 
can perform one or two multiplications in parallel. For multiplier information, refer to 
“Operational Modes” on page 4–4.

Each multiplier operand is a unique signed or unsigned number. The signa and signb 
signals control an input of a multiplier and determine if the value is signed or 
unsigned. If the signa signal is high, the Data A operand is a signed number. If the 
signa signal is low, the Data A operand is an unsigned number. 

Figure 4–2. Multiplier Block Architecture
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Cyclone IV Architecture - I/O
I Comprehensive support: 3.3v, 2.5v, 1.8V, 1.5V, 1.2V, LVDS, LVPECL
I Bidirectional I/O Buffer + Five Registers
I Single-ended or Differential Drive, On Chip Termination, Slew Rate
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Figure 6–1 shows the Cyclone IV devices IOE structure for single data rate (SDR) 
operation. 

I/O Element Features
The Cyclone IV IOE offers a range of programmable features for an I/O pin. These 
features increase the flexibility of I/O utilization and provide a way to reduce the 
usage of external discrete components, such as pull-up resistors and diodes.

Programmable Current Strength
The output buffer for each Cyclone IV I/O pin has a programmable current strength 
control for certain I/O standards. 

The LVTTL, LVCMOS, SSTL-2 Class I and II, SSTL-18 Class I and II, HSTL-18 Class I 
and II, HSTL-15 Class I and II, and HSTL-12 Class I and II I/O standards have several 
levels of current strength that you can control.

Figure 6–1. Cyclone IV IOEs in a Bidirectional I/O Configuration for SDR Mode

Note to Figure 6–1:

(1) Tri-state control is not available for outputs configured with true differential I/O standards.
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