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5. DSP Blocks in Stratix III Devices

Introduction
The Stratix® III family of devices have dedicated high-performance digital signal 
processing (DSP) blocks optimized for DSP applications. These DSP blocks of the 
Altera® Stratix device family are the third generation of hardwired, fixed function 
silicon blocks dedicated to maximizing signal processing capability, ease of use, and 
lowest silicon cost. 

Many complex systems such as WiMAX, 3GPP WCDMA, high-performance 
computing (HPC), voice over Internet protocol (VoIP), H.264 video compression, 
medical imaging, and HDTV use sophisticated digital signal processing techniques, 
and this typically requires a large number of mathematical computations. Stratix III 
devices are ideally suited as the DSP blocks consist of a combination of dedicated 
elements that perform multiplication, addition, subtraction, accumulation, 
summation, and dynamic shift operations. Along with the high-performance 
Stratix III soft logic fabric and TriMatrix™ memory structures, you can configure 
these blocks to build sophisticated fixed-point and floating-point arithmetic functions. 
These can be manipulated easily to implement common larger computationally 
intensive subsystems such as finite impulse response (FIR) filters, complex FIR filters, 
infinite impulse response (IIR) filters, fast Fourier transform (FFT) functions, and 
discrete cosine transform (DCT) functions.

DSP Block Overview
Each Stratix III device has two to seven columns of DSP blocks that implement 
multiplication, multiply-add, multiply-accumulate (MAC), and dynamic shift 
functions efficiently. The logical functionality of the Stratix III DSP block is a superset 
of the previous generation of the DSP block found in Stratix and Stratix II devices. 

Architectural highlights of the Stratix III DSP block include:

■ High-performance, power-optimized, fully registered and pipelined
multiplication operations

■ Natively supported 9-bit, 12-bit, 18-bit, and 36-bit wordlengths

■ Natively supported 18-bit complex multiplications

■ Efficiently supported floating-point arithmetic formats (24-bit for single precision
and 53-bit for double precision)

■ Signed and unsigned input support

■ Built-in addition, subtraction, and accumulation units to combine multiplication
results efficiently

■ Cascading 18-bit input bus to form tap-delay line for filtering applications

■ Cascading 44-bit output bus to propagate output results from one block to the next 
block without external logic support

■ Rich and flexible arithmetic rounding and saturation units
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The second-stage and output registers are triggered by the positive edge of the clock 
signal and are cleared on power up. The following DSP block signals control the 
output registers within the DSP block:

■ clock[3..0]

■ ena[3..0]

■ aclr[3..0]

Operational Mode Descriptions
The various modes of operation are discussed below.

Independent Multiplier Modes
In independent input and output multiplier mode, the DSP block performs individual 
multiplication operations for general-purpose multipliers.

9-, 12-, and 18-Bit Multiplier
You can configure each DSP block multiplier for 9-, 12-, or 18-bit multiplication. A 
single DSP block can support up to eight individual 9 × 9 multipliers, six 12 × 12 
multipliers, or up to four individual 18 × 18 multipliers. For operand widths up to 
9 bits, a 9 × 9 multiplier is implemented. For operand widths from 10 to 12 bits, a 
12 × 12 multiplier is implemented, and for operand widths from 13 to 18 bits, an 
18 × 18 multiplier is implemented. This is done by the Quartus II software by 
zero-padding the LSBs. Figure 5–8, Figure 5–9, and Figure 5–10 show the DSP block in 
the independent multiplier operation mode. 

Figure 5–8. 18-Bit Independent Multiplier Mode for Half-DSP Block 
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FFT Example
The Fast Fourier Transform (FFT) is a very common DSP function used to convert 
samples in the time domain to and from the frequency domain. A fundamental 
building block of the FFT is the FFT butterfly. FFTs are most efficient when operating 
on complex samples. You can use the Stratix III DSP block to form the core of a 
complex FFT butterfly very efficiently. 

Figure 5–24. Semi-Parallel FIR Structure Using Chained Cascaded Summation
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