The Current Conveyor Revolution:
Toward a Universal Audio Analog Front
End with the Triad TS5510

1. Introduction: The Imperative for a New AFE
Architecture

The Core Goal: Signal Capture and Preservation

The fundamental objective of any professional or prosumer audio recording system is to
capture and preserve the analog waveform accurately. The transition from the analog to the
digital audio domain must happen as quickly and cleanly as possible to minimize
degradation. Once the signal is "locked in" and sampled, any further degradation is
predictable and manageable in the digital space. The Analog Front End (AFE) is the last and
most critical piece of analog circuitry before the Analog-to-Digital Converter (ADC), making
its performance paramount to the entire signal chain's fidelity.

The Limitations of Traditional Architectures

A modern, high-quality audio ADC typically requires a full-scale signal of 2Vrms (or
sometimes 3Vrms) to achieve 0dBFS (full-scale digital conversion). For small analog input
levels — such as those generated by a low-output dynamic or ribbon microphone — the AFE
must apply significant gain to boost the signal to this reference level.

Traditional AFE solutions for this task typically employ variations on the Instrumentation
Amplifier (INA) architecture. While effective for low-level differential signal amplification, INA-
derived architectures suffer from two significant, intertwined shortfalls:

1. Inadequate Large Signal Handling: Instrumentation Amplifiers are fundamentally
designed for gain. When faced with large input signals (like a line-level output from an
external mixer or an analog synthesizer), these designs struggle to attenuate the signal
gracefully. Designers often attempt to mitigate this by adding an external resistive
divider (or pad) before the INA. This passive solution, however, introduces noise figure
(NF) compromises and complexity, often forcing manufacturers to use two entirely
separate input sockets — one for mic and one for line — as no single "universal"
solution existed to handle the full dynamic range seamlessly.

2. Common-Mode (CM) Handling and Rejection: The classic three op-amp INA relies
heavily on its second (or subsequent) stage to perform Common-Mode Rejection
(CMR), exposing all input devices in the signal path to a significant portion of the CM
signal. Any slight mismatch or non-linearity across the path can cause leakage or
degradation, converting a portion of the CM noise into a differential signal that gets
amplified along with the desired audio. This conversion is a significant source of noise
and distortion in real-world scenarios involving long cable runs or noisy electrical
environments.



The market has long demanded an AFE that provides seamless gain and attenuation,
exhibits class-leading Common-Mode Rejection Ratio (CMRR) across the entire frequency
band, and achieves the industry’s highest Total Input Capture Range within a compact,
integrated form factor.

2. The Universal AFE: Defining Next-Generation
Performance

The TS5510 addresses the core architectural compromises of legacy designs by achieving
an entirely new benchmark for a "universal" AFE. A true universal analog front end should
be judged on three metrics: Total Input Capture Range, Common-Mode suppression, and
System Integration/PCB footprint.

2.1 Total Input Capture Range

The standard metric of ADC dynamic range only measures the converter's capability at a
single fixed gain. The more relevant system-level metric is the AFE's ability to seamlessly
translate the full spectrum of analog inputs — from the smallest resolvable whisper to the
loudest possible transient — into the digital domain.

The TS5510 defines the Total Input Capture Range (TICR) as the difference between the
largest input signal accepted without clipping and the Equivalent Input Noise (EIN) — the
effective lower limit of signal resolution over the full gain range of the IC.

The TS5510 achieves an unprecedented 156dB TICR in a single IC. This performance is
achieved through an architectural innovation that permits native, continuous gain control
from maximum attenuation up to maximum gain, all while optimizing the signal path noise
floor characteristics.
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The extended input capture headroom of the TS5510 enables an unprecedented range of
audio input amplitudes to be accommodated. The largest input signal that it can support
without clipping is more than +28dBU. In higher gain modes, the Equivalent Input Noise (EIN)
- the effective lower limit of resolution - is around -128dBU unweighted, Rs=1500hms.

Hence, over the full gain range of the device, a staggering 156dB of input signal range can be
resolved in one IC.

So, TICR = the biggest input signal that can be handled vs. the smallest input signal that can
be resolved.

2.2 Common-Mode Immunity and Robustness

In professional audio, long XLR cable runs (which often exceed 50 feet) can act as imperfect
antennae, picking up electromagnetic interference (EMI) and radio frequency (RF) noise,
which can create significant common-mode voltage signals at the AFE input.

A next-generation AFE must offer:

e High Common Mode Voltage Tolerance: The input stage must safely tolerate large
CM signals without internal damage or excessive distortion.
e Exceptional CMRR: The ability to aggressively reject CM signals, ensuring they do not



leak into the differential signal path. The TS5510 offers >90dB CMRR (at a 0dB gain
setting) robustly maintained across its entire operating frequency range. This metric
only increases at higher gain settings.

This robustness translates directly to fewer field returns and a superior, reliable end-user
experience, eliminating the noise and hum often associated with complex setups.

Audio Front CMRR at -8dB, CMRR at +34dB,
End IC f=1KHz f=1KHz

TS5510 >90 >120
COMP A 65 104
COMP B o) 0]

Table above shows the CMRR performance of the TS5510 in comparison to two
competitor’s solutions (COMP A and B).

2.3 System Integration and Footprint

Legacy AFE designs require numerous external active and passive components (resistors,
capacitors, analog switches, discrete transistors, etc.) to set gain, ensure stability, and
manage the interface. The TS5510 integrates these functions, leading to:

e Minimal PCB Footprint: A compact 7mm x 7mm package with drastically reduced
external component count.

e Direct ADC Coupling: Optimized for a direct, DC-coupled interface to modern
differential audio ADCs, eliminating the need for AC-coupling capacitors, which
introduce component variation and potential low-frequency phase shifts.

2.4 Conclusion

The successful implementation of these three pillars required a fundamental break from the
INA paradigm and the adoption of the two-stage Current Conveyor (CC) based architecture.

3. The Architectural Shift: Current Conveyor vs.
Instrumentation Amplifier

The architectural limitation of the traditional Instrumentation Amplifier topology is its reliance
on a differential voltage amplifier input stage, which pushes the common-mode rejection task
to happen at a later stage. The TS5510 leverages a fundamentally different operational
principle based around the Current Conveyor principle.

3.1 Understanding the Instrumentation Amplifier

The traditional INA typically consists of three coupled amplifier blocks:



1. The Input Stage (Amplifiers A1 and A2): These are two differential-input amplifiers
designed to provide high input impedance and provide the initial, differential gain. This
stage has a gain of 1 + ((2*Rr)/Rc). The differential signal is amplified, but any
common-mode voltage passes through to the next stage.

2. The Subtraction Stage (not shown): This is typically a differential amplifier that
subtracts the common-mode voltage and provides a final single-ended (or differential)
output.

The INA Weakness: The CMRR of the entire INA is highly dependent on the precision
matching of the resistors in the subtraction stage. Any minor mismatch leads to common-
mode leakage. Furthermore, the input buffers must tolerate the full common-mode voltage,
which places limits on the power supplies and headroom. Most critically, the architecture is
intrinsically optimized for gain, making attenuation difficult without external, switched
resistive attenuators.
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Traditional INA first stage, consisting of two amplifier blocks (A1 and Az) and gain setting
resistors. Any CM on the input is passed through to subsequent circuitry.

3.2 The Current Conveyor Architecture

The Current Conveyor is a two-port, three-terminal network that fundamentally relates
currents and voltages in a manner different from that of a standard voltage operational
amplifier. The Second-Generation Current Conveyor (CCIll), a concept introduced by Sedra
and Smith in the late 1960s, forms the core mechanism behind the TS5510's superiority.

A Current Conveyor has three terminals: X, Y, and Z.

e Y Terminal: High impedance input (voltage following).
e X Terminal: Low impedance input (current input/output).
e Z Terminal: High impedance output (current mirror/output).
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The Current Conveyor block is shown on the left, with the signal transfer function. The block
diagram on the right shows how the CC blocks are used in conjunction with a differential

current-to-voltage 2nd stage within the TS5510 IC.

The core relationships are:

1. Voltage Tracking: The voltage at the X terminal (Vx) tracks the voltage at the Y

terminal (Vy) by sourcing or sinking current as needed: Vx = Vy

2. Current Conveying: The current entering or leaving the Z terminal (Iz) mirrors the X

terminal (lx).

The advantage of the TS5510 lies in employing Current Conveyor principles stage to create
a differential input stage unrestricted by voltage feedback headroom limitations.

Current Conveyors in the TS5510 AFE: Current-Mode Common Mode Rejection

In the TS5510's current conveyor-based architecture:

1. The differential input voltage VIN+, VIN- is immediately converted into a differential

current at the AFE’s input stage.

2. The common-mode voltage component is present only as a voltage on the input
terminals. No CM signals — current or voltage — are presented to the second stage.

3. Unlike the INA, which needs matched resistors to effectively subtract the CM voltage,
the Current Conveyor architecture intrinsically ignores the common-mode voltage
component. The differential gain is defined by the (differential) input current from the
1st stage amplifiers and their shared Rg resistor and the internal (2nd stage) feedback

network.

The Differential Current is the dominant factor, and the common-mode voltage is effectively
blocked by the current-mode operation, pushing the CMRR performance to an

unprecedented level that is independent of passive component matching.
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The graph shows the amount of VCM signal (ref. to GND) that these ICs can accommodate
while supporting a 2Vrms differential output. The TS5510 exhibits more than 10X more CM
compliance than the nearest competitor. This extends the “small signal” CMRR capability to
apply to “large signal” events & interference that previously only transformer-coupled
designs could tolerate.

3.3 The Zero Cross Detect (ZCD) Feature

A critical requirement in professional audio signal processing is the ability to change gain
levels without introducing audible artifacts, such as clicks or pops. The TS5510 addresses
this by integrating a high-precision, low-latency ZCD circuit.

This feature actively monitors the analog input signal and temporarily delays any digital gain
or attenuation changes until the signal voltage precisely crosses the 0V reference point. By
ensuring that gain transitions only occur when the signal amplitude is negligible, the ZCD
circuit virtually eliminates the transient voltage spikes that can cause audible noise. This
capability is managed entirely on-chip and requires no complex software intervention, further
simplifying the digital control interface and ensuring a consistently pristine audio path,
regardless of dynamic gain requirements.

3.4 ADC Agnostic Design Flexibility

The TS5510’s Current Conveyor architecture is engineered to be ADC agnostic, meaning its
performance is independent of the specific Analog-to-Digital Converter (ADC) utilized in the
system. Unlike proprietary Analog Front Ends (AFEs) that are often optimized or bundled
with specific ADC vendors or require complicated dual-mode ADC architectures to manage
SNR, the TS5510 provides a universally compatible, high-performance interface.

This approach delivers significant value to the system designer by eliminating vendor lock-in
and simplifying the entire component selection process. Engineers can freely select the
optimal ADC for their application based on criteria like power consumption, channel count, or
specific noise floor requirements, knowing that the TS5510 will reliably provide the
necessary high-fidelity conditioning and gain staging. This freedom reduces development



time, eliminates the need for expensive DSP software compensation, and future-proofs the
design against component obsolescence.

4. TS5510 Core Architecture Deep Dive: Seamless
Gain and Attenuation

The TS5510 implements two separate channels of a fully differential, two-channel AFE
where all gain settings are digitally programmed via a Serial Peripheral Interface (SPI) bus.
The architecture is a major step forward in system integration, removing the need for
external passives and multiple active components required by competing designs.

4.1 The Input Stage: Low Noise PMOS and Bias

The input stage utilizes physically large PMOS devices. The use of PMOS has several key
advantages:

e Low Noise Floor: The physical size and design yield very low wideband input noise.
Crucially, it pushes the 1/f noise "corner" — the frequency below which flicker noise
dominates — to a very low frequency, resulting in a cleaner signal path in the critical
low-frequency range.

e Zero Base Current: Unlike bipolar transistor input pairs, which require base current
contribution, PMOS devices require no base current, allowing input bias resistors to be
high in value, which allows smaller input coupling capacitor values to be chosen.

e RF Immunity: PMOS devices are considerably more immune to RF demodulation from
conducted RF interference signals compared to their bipolar counterparts, adding
another layer of electrical robustness.

The input signal is immediately current-converted and passed to an internal, highly linear,
digitally controlled resistor network.

4.2 Digitally Controlled Continuous Gain Scaling

The core of the TS5510 is its digitally programmed gain structure, which enables continuous
and seamless scaling from maximum amplification to significant attenuation.

The gain structure offers a wide range of settings, in 1dB increments, allowing system
designers to precisely match the source signal to the ADC’s full-scale input voltage.

The ability to provide native attenuation is what makes the AFE truly "universal."

e Traditional Solution (INA): Requires an external pad (resistive divider) for high input
signals (e.g., +28dBU). This pad introduces thermal noise, compromising the overall
noise figure and adding to BOM costs in the form of relays or analog switches.

e TS5510 Solution: The current-mode input stage enables the internal resistor network
to be dynamically configured via SPI, introducing attenuation before the main signal
path, but without the noise penalty of an external passive network. The IC’s topology
allows it to accept +28dBU balanced inputs without clipping or the need for an external
resistive pad. Designers often cite this feature alone as resolving their number one
issue (relays) with field returns and simplified component sourcing.



The seamless gain/attenuation of the TS5510 ensures optimized system SNR (Signal-to-
Noise Ratio) across all gain settings.

4.3 Output Stage and ADC Interface

The output stage of the TS5510 is meticulously engineered for direct connection to modern
differential-input audio ADCs.

e Direct DC Coupling: The output common-mode voltage is designed to match the
typical CM requirements of ADC inputs (e.g., VDD/2 DC bias), enabling direct DC-
coupling. This eliminates external AC-coupling capacitors, which are a source of non-
linearity, size, cost, and potential reliability issues. Eliminating these components is a
crucial step towards the compact, high-performance digital audio capture block that the
TS5510 represents.

e Low Output Impedance: The output buffers are designed for robust driving of the high
capacitive load typically mandated as part of the ADC input requirements, ensuring
stability and high linearity.

e No ADC overload/supply driving issues: As the 2nd stage of the TS5510 is intended
to operate from the same supply voltage as the ADC (typically 3.3V or 5V to AGND),
there is no possibility of the TS5510 overdriving or damaging the inputs of the ADC,
even when the input is clipped. This makes for a very robust system design.

The entire circuit is optimized to deliver the highest possible quality differential signal to the
ADC with minimal noise contribution from the AFE itself, maximizing the total headroom
available to the converter.

5. Unprecedented Dynamic Range: The 156dB Total
Input Capture Range

The Total Input Capture Range is the signature performance metric of the TS5510, directly
demonstrating its capability as a truly universal AFE. The TICR is calculated by analyzing
the two extremes of the input voltage range that the device can successfully process.

5.1 Maximum Input Headroom: Handling the Loudest Signals

The upper limit of the TICR is the maximum input voltage the AFE can accept without
clipping or introducing excessive distortion.

e Maximum Input Signal: The TS5510 can support +28dBU balanced inputs.

e The Problem Solved: This figure is crucial for professional audio applications where
signal levels from mixing consoles or high-output instruments can be extremely hot. In
traditional INA designs, this level would necessitate a physical pad, introducing
components that degrade the noise floor for the small signal path. The TS5510's
internal, noise-optimized attenuation network ensures this large signal handling is
achieved without external compromise.

5.2 Minimum Input Resolution: Equivalent Input Noise
The AFE’s noise floor determines the lower limit of the TICR. EIN is the industry-standard



metric for assessing the minimum signal the amplifier can resolve above its inherent noise.

e Equivalent Input Noise: The TS5510 achieves an EIN of approximately -128dBU
unweighted (Rs=1500hms) in its higher gain modes.

e Significance: This value represents a very low noise floor, enabling the AFE to resolve
the output of low-impedance microphones (such as ribbon or dynamic mics) without
introducing perceptible self-noise. This performance is a direct result of the use of large
PMOS input devices and the Current Conveyor architecture, which minimize internal
noise sources.

5.3 Calculating the Total Input Capture Range

The TICR is the difference between these two extremes.

This staggering 156dB figure is not merely a theoretical specification; it is a practical reality.
It represents the full range of audio input amplitudes the TS5510 can accommodate and
seamlessly transition to the ADC. This 156dB span is a measure of the IC's capability to
capture the loudest possible signal and resolve the quietest possible signal within a single
component.

To put this enormous ratio in perspective, 156dB represents the difference between the
distance from the Earth to the Moon vs. the length of a 1975 Cadillac Fleetwood — a truly
vast gulf between the largest and smallest signals that can be resolved and a scale that
underscores the unprecedented flexibility and performance delivered by the TS5510
architecture. This single figure encapsulates the promise of a universal AFE: the ability to
seamlessly manage any input, from the faintest whisper to the loudest transient, within one
integrated circuit. This level of effective dynamic range is critical for future-proofing digital
audio capture systems, ensuring they can handle both current and forthcoming high-
resolution ADC technology.

Total Input Capture Range vs. Signal-to-Noise Ratio

For decades, the standard benchmark for any audio component has been the Signal-to-
Noise Ratio (SNR). While useful, the SNR only tells half the story — it is a metric of the
output stage and only describes the dynamic range at a single, often optimal, gain setting.

The revolutionary performance of the TS5510 necessitates a new, more comprehensive
metric to fully encapsulate its system-level capability: the TICR.

What is the Difference?

Metric Definition Components Used Real-World
for Calculation Application



Signal-to- The ratio of the maximum Only accounts for Helpful in comparing
Noise output signal level to the the circuit's two components in a
Ratio system's output noise floor. performance at a perfect lab
single, specific gain  environment.
setting.
Total Input The ratio of the maximum input Accounts for the The definitive figure for
Capture signal level the device can performance across real-world system
Range handle without clipping the entire design, dictating
(TICR) (Maximum Input) to the operational gain microphone
absolute quietest signal it can  range of the device. = compatibility and signal
resolve (Equivalent Input headroom.
Noise, or EIN).
The Power of the 156dB TICR
The TS5510 achieves an unprecedented 156dB TICR by extending both ends of the
dynamic spectrum:

1.

Massive Headroom (The High End): The device can accept input levels up to
+28dBU without clipping. This is critical for supporting high-output condenser
microphones and handling severe acoustic transients (like a sudden drum hit or a
shouted vocal) without distortion.

Ultra-Low Noise Floor (The Low End): With an unweighted EIN of -128dBU (Rs =
150 ohms), the TS5510 can resolve the faintest, lowest-level signals, ensuring that
even quiet ribbon microphones or distant sound sources are captured with absolute
clarity above the noise floor.

The Advantage: True Universal Compatibility

For the

system designer, the 156dB TICR delivers two monumental advantages:

Universal Input Compatibility: The TICR guarantees that a single TS5510 circuit
can seamlessly integrate with the broadest possible range of input devices — from
low-sensitivity, low-output dynamic mics to high-sensitivity, line-level signals —
without requiring designers to change hardware, add external gain stages, or switch
to dual-gain ADCs. This means it is an ideal solution for rack-mounted or remotely
controlled equipment where monitoring of what is physically connected to the system
is not possible.

Reduced Design Complexity and Cost: By capturing the entire required dynamic
range in a single component, the TS5510 eliminates the need for complex, dual-path
signal processing, expensive DSP software required to stitch together signals from
dual-mode architectures, and many discrete parts sourced from multiple suppliers for
multi-stage discrete component solutions. This simplifies the BOM and accelerates



time-to-market.

6. Superior Common-Mode Rejection and
Interference Immunity

In the real world, professional sound system performance is less often limited by the
datasheet figures for THD+N (Total Harmonic Distortion Plus Noise) and more often by the
ability of the AFE to reject noise picked up by cabling and external sources. The TS5510’s
performance in Common-Mode Rejection Ratio and RF immunity is a direct function of its
Current Conveyor architecture.

6.1 CM Rejection in the Current Domain

As detailed previously, the key to the TS5510’s superior CMRR is that the differential signal
is processed in the current domain immediately upon entering the AFE.

e High CMRR: The TS5510 maintains a CMRR of greater than 90dB throughout its
operating frequency range.

e Independence from Passive Matching: Because the CMRR is less reliant on the
precision matching of external, off-chip resistors (as is the case with INA designs), the
performance is inherently more stable and reliable across temperature, component
variation, and time. This high, intrinsic CMRR is a primary factor in the AFE's ability to
resist common-mode interference picked up by long cable runs.

7. System Integration and Digital Control

The TS5510 is more than just an advanced amplifier—it’s a highly integrated, digitally-
controlled subsystem designed to simplify the entire audio signal path design.

7.1 The SPI Control Interface

The entire operational state of the TS5510 is managed via a dedicated, simple Serial
Peripheral Interface (SPI) bus. This digital control is key to its flexibility and integration into
modern digital systems.

The SPI interface controls:

e Gain Setting. Precise, stepless control of the internal gain/attenuation network.
e Channel Enable/Disable. Independent control over the two AFE channels.
e Mode Selection. Selection of various operating modes and features.

The SPI architecture is designed to prevent data corruption and ensure responsive control:

e Fast Data Rate. Allows the host processor to rapidly change gain settings, supporting
dynamic applications such as automatic gain control (AGC).

e Multiple devices controlled from a single interface: Multiple TS5510s are designed
to be daisy-chained or serially connected, simplifying PCB layout and driver SW for
multi-channel designs. Gain changes can be made to individual channels or time-



aligned across multiple devices.

7.2 Integrated GPIO Functionality

The TS5510 integrates four General Purpose Input/Output (GPIO) pins accessible directly
through the SPI command set. These pins can be configured as logic-level inputs or outputs,
allowing the host interface firmware to integrate ancillary system control functions, thereby
further simplifying the overall PCB design.

GPIO Integration Examples:

e 48V Phantom Power Control: The GPIO can be used to control external switches or
FETs that turn 48V phantom power on or off for condenser microphones.

e Front Panel Indicators: Driving LED front panel indicators (e.g., clipping, signal
present, or phantom power status).

e Mute/Standby Control: Activating external relays or solid-state switches for muting
functions, high-pass filter enables, etc.

This integration reduces the burden on the host microcontroller's GPIO count and
streamlines the system's control logic, consolidating functions into a single SPI stream.

7.3 Compact Footprint and Bill of Materials Reduction

The TS5510 is provided in a compact 7mm x 7mm package, which is a physically small
footprint, critical for multi-channel audio equipment where channel density is high.

Component Elimination: The architectural innovation and high integration allow the
TS5510 to eliminate or integrate numerous external passives:

e Gain Resistors: Integrated and digitally controlled (removing the need for external,
high-tolerance, matched resistors).

e Output AC Coupling Capacitors: Eliminated due to direct DC-coupled ADC output
interface design.

e External Pad Components: Eliminated due to native, high-quality attenuation
capability.

e Smaller value input Coupling Capacitors: The high input impedance of the TS5510
allows for smaller value input capacitors, with reduced physical size and cost.

This significant reduction in the external BOM not only saves PCB area but also reduces
component sourcing complexity, cost, and the probability of component-induced
performance variance. The result is a high-performance audio AFE in the smallest PCB
footprint in the industry.

8. Application and Value Proposition: The Universal
AFE in Action

The TS5510’s feature set offers compelling value to designers across multiple high-
performance sectors, fundamentally changing the approach to audio input stage design.

8.1 Professional Audio and Prosumer Equipment



The Pro-Audio sector — including mixing consoles, audio interfaces, and digital snake
systems — is the primary beneficiary of the TS5510's universal input and noise immunity.

e Elimination of Dual-Input Architectures: Designers can now use a single physical
input jack (e.g., an XLR combo jack) that seamlessly handles both microphone-level
inputs (requiring high gain and low noise) and line-level inputs (requiring attenuation
and high headroom). This simplification reduces manufacturing complexity and
improves the user experience.

e Maximized Headroom for Digital Capture: The high TICR and +28dBU clipping point
ensure that even high-output condenser mics or loud instrument pre-amps will not clip
the input stage, maximizing the signal-to-noise ratio delivered to the ADC.

e Reduced Development Complexity: The integrated approach saves engineering
development time and architecture complexity compared to discrete solutions or dual-
mode ADC designs. It eliminates the need for expensive DSP software to optimize the
noise floor in complicated dual-mode ADC configurations.

9. Conclusion: Securing the Analog Edge

The TS5510 from Triad Semiconductor is a comprehensive rethinking of the traditional audio
AFE topology. By moving beyond the limitations of the Instrumentation Amplifier and
adopting a robust Current Conveyor-based architecture, it delivers a new benchmark for
performance and integration.

The key highlights of the TS5510 include:

e Industry-Leading Dynamic Range: A 156dB Total Input Capture Range, spanning
from -128dBU EIN to +28dBU max input, achieved in a single integrated circuit.

e True Universal Input: Seamless, digitally controlled gain and attenuation across the
entire range, eliminating the need for external pads or dual mic/line input sockets.

e Unmatched Noise Immunity: Class-leading CMRR (greater than 90dB) and high CM
voltage tolerance, providing transformer-like common-mode rejection without the
transformer's bulk, cost, or frequency limitations.

e Extreme Integration: Compact 7mm x 7mm PCB footprint, DC-coupled output for
direct ADC interfacing, and integrated SPI control with GPIO functionality.

e Zero Cross Detect: Integrated digital control that eliminates audible clicks and pops
during gain switching by synchronizing changes to the signal’s OV crossing.

e ADC Agnostic System Design: Provides universal compatibility with any Analog-to-
Digital Converter, eliminating vendor lock-in and allowing designers to select ADCs
based purely on system-level performance goals.

The TS5510 is more than an incremental improvement; it is a critical component that
streamlines the design process, lowers the system BOM, and provides cutting-edge analog
audio performance and features in a compact, highly reliable package. It secures the analog
edge, enabling designers to capture any input signal — no matter how faint or loud —
cleanly and robustly to the digital.
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