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Introduction

In the world of power electronics, the ability to accurately measure and control current is a cornerstone of reliable
system performance. Whether you're designing a battery management system, a motor controller, or a power

supply, the choice of a current sense circuit can make the difference between a robust, efficient design and a costly,
unreliable one. This article dives deep into the an105 current sense circuit collection making sense ofthe
intricacies of current sensing, with a particular focus on the AN105 reference from Analog Devices. We'll walk
through the fundamentals, explore design strategies, and provide practical guidance for implementing high precision
current sense circuits that meet the demands of modern applications.

Understanding Current Sense Circuits

What Is Current Sensing?

Current sensing involves detecting the magnitude of electrical current flowing through a circuit and converting that
information into a voltage or digital signal that can be processed by a microcontroller, analog front end, or other
monitoring equipment. The accuracy, bandwidth, and noise performance of a current sense circuit directly influence
the overall system'’s safety, efficiency, and responsiveness.

Common Current Sense Architectures

There are several proven architectures for current sensing, each with its own trade offs:

¢ Shunt Resistor Sensing — A low value resistor placed in series with the load; the voltage drop across it is
proportional to current.

e Hall Effect Sensors — Non invasive sensors that detect magnetic fields generated by current flow.

e Current Transformers — Suitable for AC applications, offering isolation and high bandwidth.

* Integrated Current Sense ICs — Devices that combine a shunt resistor, amplifier, and sometimes ADC
conversion in a single package.

Each method has its own suitability depending on factors such as voltage range, isolation requirements, cost, and
PCB space constraints.

Why Current Sense Is Critical in Modern Electronics

Safety and Protection

Overcurrent conditions can damage components, cause thermal runaway, or even lead to safety hazards. Accurate
current sensing allows for real time monitoring and protective shutdowns, ensuring both device longevity and user
safety.

Efficiency and Power Management

In power converters, precise current measurement enables dynamic control strategies that minimize losses and
improve efficiency. For example, pulse width modulation (PWM) loops often rely on accurate sense signals to
maintain desired output voltage or current levels.



Regulatory Compliance

Many industries, including automotive, aerospace, and medical, have stringent standards that mandate accurate
current monitoring. A well designed sense circuit helps manufacturers meet these regulatory requirements.

Diagnostic and Telemetry

Modern systems increasingly rely on diagnostics to predict failures and optimize performance. Current sense data
is a key input for predictive maintenance algorithms and telemetry systems.

The Role of AN105 in Current Sensing

What Is AN105?

AN105 is a reference manual published by Analog Devices that focuses on current sense circuit design. It
provides comprehensive guidance on selecting components, configuring circuits, and optimizing performance for a
wide range of applications. The manual is particularly valuable for engineers working with the ADG series of current
sense ICs and related analog front ends.

Key Takeaways from AN105

1. Component Selection — Detailed criteria for choosing shunt resistors, amplifiers, and op amps based on
accuracy, temperature drift, and noise.

2. Signal Conditioning — Techniques for filtering, amplification, and isolation to preserve signal integrity.

3. Calibration Strategies — Methods to calibrate sense circuits in situ, ensuring long term accuracy.

4. Layout Guidelines — PCB design rules that minimize parasitic inductance and noise pickup.

By following the guidelines in AN105, designers can create current sense circuits that meet rigorous performance
targets while staying cost effective.

Designing a Current Sense Circuit Collection

Defining Your Requirements

Before diving into schematic design, it's essential to establish the key parameters:

e Maximum current range and resolution

¢ Voltage headroom and supply constraints
Bandwidth and response time

* Noise tolerance and temperature stability
« Isolation and safety requirements

Choosing the Right Shunt Resistor

Shunt resistors are the heart of many current sense circuits. Selecting an appropriate value involves balancing
several factors:

1. Voltage Drop — A lower resistance reduces voltage drop and power loss but yields a smaller signal.
2. Temperature Coefficient — Low TC resistors maintain accuracy across temperature swings.

3. Power Rating — Must handle the maximum power dissipation without excessive heating.

4. Physical Size — Smaller resistors save board space but may have higher parasitic inductance.

Amplification and Signal Conditioning

Once the shunt voltage is generated, an amplifier is typically used to boost the signal to a usable level. Key
considerations include:



e Input common mode range — Ensure the amplifier can handle the voltage at the shunt node.

e Gain accuracy — Use precision resistors or a gain set IC to maintain consistent amplification.

« Noise performance — Low noise op amps preserve the integrity of small signals.

e Offset cancellation — Techniques such as auto zero or chopper stabilization reduce offset errors.

Filtering and Isolation

In noisy environments, filtering is essential to suppress high frequency interference. Common filtering approaches:

1. Passive RC filters — Simple, low cost, but may introduce phase shift.
2. Active filters — Provide higher attenuation and better control over bandwidth.
3. Isolation amplifiers — Offer galvanic isolation, protecting sensitive analog circuitry from high voltage transients.

Integrating with Digital Systems

For microcontroller based designs, the conditioned analog signal must be digitized. ADC selection and configuration
are critical:

* Resolution — Higher resolution yields finer current measurement granularity.

¢ Sampling rate — Must be high enough to capture the dynamic behavior of the load.
e Input range — Should match the amplified signal to avoid clipping.

 Calibration — Periodic calibration routines help maintain accuracy over time.

Making Sense of the AN105 Reference Manual

Key Sections to Focus On

While AN105 is comprehensive, certain sections are particularly relevant for practical circuit design:

1. Section 2 — Shunt Resistor Selection — Provides formulas and example tables for choosing resistor values
based on desired voltage drop and power rating.

2. Section 4 — Amplifier Configuration — Discusses gain stages, common mode considerations, and offset
compensation.

3. Section 6 — Noise Analysis — Offers guidelines for minimizing thermal and flicker noise.

4. Section 8 — PCB Layout Guidelines — Covers trace routing, ground planes, and shielding techniques.

Applying the Guidelines to Your Design

When integrating the AN105 recommendations, follow a systematic approach:

1. Start with the desired current range and calculate the required shunt voltage.

2. Use Section 2’s tables to pick a shunt resistor that meets power and temperature criteria.

3. Design the amplifier stage based on Section 4, selecting op amps with the appropriate common mode range
and noise characteristics.

4. Implement the filter network suggested in Section 6 to achieve the target bandwidth.

5. Adhere to the PCB layout rules in Section 8 to minimize parasitic effects.

Practical Implementation Steps

Step 1 — Define the Current Range

Suppose you need to monitor a motor that draws up to 10 A at a supply voltage of 48 V. If you want a shunt voltage
of no more than 200 mV to keep power loss low, you would select a shunt resistor of 20 m:’a This value keeps the
power dissipation at 4 /W, which is manageable with a properly rated resistor.

Step 2 — Choose the Amplifier



With a 200 mV peak shunt voltage, you need an amplifier that can handle a 48 V common mode input while
providing a gain of, say, 10 to produce a 2 V signal. An instrumentation amplifier such as the AD8421, with a

common mode range of +5 V and low offset, can be used if you isolate the sense node. Alternatively, a differential
amplifier with a high common mode rejection ratio (CMRR) can be employed.

Step 3 — Design the Filter
Assuming the motor’'s current ripple is up to 1 kHz, a second order low pass filter with a cutoff at 3 kHz would

effectively suppress higher frequency noise while preserving the ripple characteristics. A simple RC network with
1/uF and 1.5 /k:’ 66x 6eeV¢G2 6 & 6T—Pve this.

Step 4 — ADC Integration

Using a 12 bit ADC with a 0-3.3 V input range, a 2 V signal from the amplifier yields a resolution of 3.3 mV per LSB.
This corresponds to a current resolution of roughly 16 /mA, which is acceptable for many motor control applications.

Step 5 — Calibration and Testing

After assembling the board, perform a calibration routine:
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