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In the landscape of high-fidelity digital audio, the transition from analog waveforms to digital bitstreams represents 

a critical junction where signal integrity, dynamic range, and harmonic accuracy are either preserved or lost. The 

AD1871, a stereo audio Analog-to-Digital Converter (ADC) developed by Analog Devices, stands as a cornerstone

component for engineers seeking professional-grade performance. This 24-bit, 96 kHz multibit Sigma-Delta

(&Sigma;-&Delta;) converter is engineered to bridge the gap between high-end analog transducers and modern

Digital Signal Processing (DSP) environments.

The Evolution of Audio Quantization and Sampling Rates

To understand the significance of the AD1871, one must first appreciate the theoretical framework of 24-bit 

acquisition. While the standard Red Book CD format utilizes 16-bit quantization, providing a theoretical dynamic

range of 96 dB, the move to 24-bit increases this ceiling to approximately 144 dB. This expanded headroom is vital

in professional recording and high-end playback systems, as it lowers the noise floor far below the level of audible

perception, allowing for cleaner captures of low-level signals and transient peaks without clipping.

Simultaneously, the 96 kHz sampling rateaddresses the Nyquist-Shannon sampling theorem by providing a

bandwidth that extends well beyond the 20 kHz limit of human hearing. By sampling at 96 kHz, the AD1871 allows

for a much more relaxed slope in the anti-aliasing filters, reducing phase distortion and group delay in the audible

spectrum&mdash;phenomena often associated with the 'digital' sound of lower-sample-rate systems.

Architectural Overview of the AD1871

The AD1871 is not merely a simple converter; it is a highly integrated system-on-chip designed for stereo audio 

applications. Its architecture is built around three primary functional blocks: the Programmable Gain Amplifier 

(PGA), the Multibit Sigma-Delta Modulator, and the Digital Decimation Filter.

1. The Front-End: Programmable Gain Amplifier (PGA)

The input stage of the AD1871 features an integrated PGA for each channel. This allows the device to

accommodate a variety of input signal levels, ensuring that the full dynamic range of the ADC is utilized regardless

of whether the source is a line-level component or a lower-voltage transducer. The ability to program gain digitally

minimizes the need for external analog buffer stages, which can introduce thermal noise and non-linearities.

2. Multibit Sigma-Delta Modulator

Unlike traditional single-bit modulators that can suffer from idle tones and stability issues at high frequencies, the 

multibit &Sigma;-&Delta; architecture employed by the AD1871 provides several distinct advantages:

•  Increased Stability: Multibit loops are inherently more stable than single-bit loops, allowing for higher-order 

noise shaping.

•  Reduced Quantization Noise: By using multiple internal levels for quantization, the noise floor is distributed 

more efficiently across the spectrum.

•  Lower Jitter Sensitivity: Multibit converters are generally less susceptible to clock jitter, which is a primary 



source of distortion in high-speed digital audio.

3. Digital Decimation and Filtering

Once the modulator has oversampled the analog signal (typically at many megahertz), the decimation filter

performs the heavy lifting of downsampling the data to the desired output rate (e.g., 96 kHz) while simultaneously

removing out-of-band quantization noise. The AD1871 incorporates high-order FIR (Finite Impulse Response)

filters that ensure a flat passband response and high stopband attenuation, preventing aliasing and maintaining the

purity of the audio signal.

Technical Specifications and Performance Metrics

The technical efficacy of the AD1871 is best understood through its performance parameters. For an engineer,

these metrics define the boundaries of what is possible in a circuit design.



Parameter Specification Impact on Audio Quality

Resolution 24-Bit Provides a massive dynamic range 
and low quantization error.

Sampling Rate (fs) 32 kHz to 96 kHz Covers everything from standard 
broadcast to high-resolution audio.

Signal-to-Noise Ratio (SNR) Typically 105 dB Ensures a near-silent background 
during quiet passages.

THD + Noise -95 dB (0.0018%) Minimal harmonic distortion, 
preserving the natural timbre of the 
source.

Digital Interface 3.3 V Tolerant Allows easy interfacing with modern 
low-voltage FPGAs and DSPs.

Supply Voltage 5.0 V Analog Provides sufficient headroom for high-
swing analog signals.

The Mathematical Foundation of AD1871 Performance

The performance of the AD1871 is rooted in the mathematical relationship between Oversampling Ratio (OSR) 

and Signal-to-Quantization-Noise Ratio (SQNR). In a &Sigma;-&Delta; converter, the noise is shifted to higher 

frequencies through noise shaping. The SQNR for a &Sigma;-&Delta; modulator of order L can be expressed as:

SQNR = 6.02N + 1.76 + 10log10[(2L + 1)/&pi;^(2L) * OSR^(2L+1)]

By utilizing a multibit quantizer (increasing N) and a high-order modulator (increasing L), the AD1871 achieves

performance levels that would be physically impossible with a traditional Nyquist-rate flash or SAR ADC. This

mathematical efficiency is what allows the device to fit within a compact 28-pin SSOP package while delivering

professional-grade audio.

Practical Implementation and Field Guide

Integrating the AD1871 into a production environment requires careful attention to the analog and digital signal

paths. Because the device handles both 5V analog and 3.3V digital logic, the layout of the Printed Circuit Board

(PCB) is paramount.

Power Supply and Grounding Strategy

To prevent digital switching noise from contaminating the sensitive analog front end, engineers must implement a

rigorous grounding strategy. It is recommended to use a single solid ground plane, but with components partitioned

into 'analog' and 'digital' sections. Key considerations include:

•  Decoupling: Place 0.1 &micro;F ceramic capacitors as close as possible to the AD1871 power pins (AVDD 

and DVDD). A larger 10 &micro;F tantalum capacitor should be placed in parallel to handle lower-frequency 

transients.

•  Separation: Keep the high-speed I2S/Serial lines away from the analog input traces to prevent crosstalk.

•  Voltage Regulation: Use low-dropout (LDO) regulators with high power supply rejection ratios (PSRR) for the 

analog 5V rail to ensure the ADC is not measuring power supply ripple.



Interfacing with DSPs and Microcontrollers

The AD1871 supports various serial data formats, including I2S, Left Justified, and Right Justified. This flexibility

makes it compatible with a wide array of digital processors, from simple microcontrollers to advanced Analog

Devices SHARC processors. The 3.3V tolerant digital interface is a crucial feature here, as it eliminates the need

for level shifters when connecting to modern 3.3V logic devices.

Comparison Analysis: AD1871 vs. Competitor Architectures

When selecting an ADC for a high-performance audio project, engineers often compare the AD1871 with

alternative architectures. Below is a comparative evaluation of common ADC types used in audio.



Feature AD1871 (&Sigma;-
&Delta;)

SAR ADC Flash ADC

Resolution Up to 24-bit Typically 12-18 bit Usually &lt; 10 bit

Linearity Excellent (Inherent) Requires trimming Poor

Power Consumption Moderate Low Very High

Anti-Aliasing Needs Simple RC Filter Complex Active Filter Complex Active Filter

Audio Application Primary choice for Hi-Fi Industrial/Control Ultra-high-speed Video

Case Study: High-Resolution Digital Mixer Integration

Consider a scenario where an engineering team is designing a 16-channel digital mixing console. The requirement

is to maintain a 96 kHz internal processing rate to minimize latency and maximize audio quality. By selecting the

AD1871 for the input stage, the team can leverage its integrated PGA to handle various input levels from different

instruments without adding significant cost to the BOM (Bill of Materials).

Potential Failure Modes and Solutions

1.  Clock Jitter: If the Master Clock (MCLK) provided to the AD1871 is unstable, the resulting audio will suffer 

from high-frequency distortion. Solution: Use a high-precision crystal oscillator with &lt;100ps jitter performance.

2.  Aliasing of RF Interference: While the decimation filter handles audio frequencies, high-frequency RF noise 

can still fold back into the audible range. Solution: Implement a simple passive RC low-pass filter at the analog 

inputs to act as an EMI/RFI shield.

3.  Ground Loops: In stereo systems, improper grounding can lead to 50/60 Hz hum. Solution: Ensure the 

analog input grounds are tied to a central star-ground point and use differential signaling if the source is located far 

from the ADC.

Advanced Features: Digital Attenuation and Control

The AD1871 also offers a serial control port that allows for fine-tuning of the device's parameters. Through this

port, users can access digital volume control, mute functions, and de-emphasis filtering. De-emphasis is

particularly useful when playing back older digital recordings that were encoded with a high-frequency boost,

ensuring that the ADC output remains faithful to the original intent of the recording engineer.

The Strategic Role of AD1871 in Modern Audio Engineering

In the current era of ubiquitous digital audio, the demand for high-quality conversion has expanded beyond

professional recording studios into consumer electronics, automotive infotainment, and high-end teleconferencing.

The AD1871 provides a balanced solution that offers high bit-depth and sampling rates without the prohibitive costs

of boutique audiophile components. Its 24-bit resolution ensures that the full nuance of an analog performance is

captured, while the 96 kHz sampling rate provides the technical headroom necessary for modern post-production

and effects processing.

For the technical writer and system architect, the AD1871 represents a mature, well-documented, and reliable

platform. Its ability to provide 105 dB of dynamic range within a standardized, easy-to-manufacture package makes



it an ideal choice for scaling high-fidelity audio solutions across various markets. As we move further into the world

of spatial audio and ultra-low-latency processing, the fundamental principles of high-quality A/D conversion

embodied by the AD1871 will continue to be the benchmark for excellence.

Ultimately, the success of any digital audio system rests on the quality of its initial conversion. By utilizing the

AD1871's multibit &Sigma;-&Delta; technology, engineers can ensure that their designs are not limited by the

hardware, but rather empowered to deliver the clearest, most accurate sound possible to the end-user. Whether

implemented in a high-end DAC/ADC combo, a digital mixer, or a precision measuring instrument, the AD1871

remains a testament to the power of precision engineering in the digital age.
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