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APPLICATIONS

* EV Charging

* |ndustrial Power

* Serverand Datacenter
* Telecom

* Solar Energy

* White Goods

INTRODUCTION

When it comes to electronics, power comes in many differ-
ent forms and factors. Power rails can be AC or DC, as well
as different voltage levels, current levels, and power limits.
This results in a need for the conversion of power from one
form or level to another. Recent technological developments
such as fast DC charging for electric vehicles or high-power
processors in data centers drive the need for higher power
in smaller spaces. Whenever power is converted from one
form to another, there is some form of power loss associated
with the conversion that is dissipated as heat. Consumers, as
well as certification bodies such as Energy Star™, demand a
certain level of efficiency in their products or appliances to
minimize wasted power. This leads power supply designers
to wonder how to maximize power density as well as adhere
to performance and efficiency requirements.

Active power factor correction AC/DC converters, switching
DC/DC converters, and DC/AC inverters are all power con-
version systems that face the above challenges and require
current feedback to regulate properly and efficiently. This
makes understanding current sensing and how it plays into
overall system design and performance essential for power
designers. This article will discuss the advantages of various
current sensing methods in power delivery.

CURRENT SENSING METHODS IN POWER
CONVERSION

Some power conversion controllers have integrated current
sensing, usually using an on-board amplifier connected to an
external shunt. While this reduces design complexity, many
integrated solutions are specialized for a specific application

and do not allow for adaptation. Therefore, many topolo-
gies use a more generic microcontroller and external current
sensing solution to send information back to the controller.
Current sensing solutions typically seen in power conversion
systems include:

* Traditional current sense amplifier and shunt
* |solated amplifier and shunt
* Hall-effect current sensors

Shunt Solutions

Traditional shunt solutions can be cost-effective, but as accuracy
requirements increase, so does the cost of the shunt which
drives up total solution costs. Shunt solutions also offer superior
accuracy at very low currents (<2 A) compared to magnetic
sensing approaches. Current sense amplifiers are often limited
by their common-mode voltage range. Common-mode volt-
age is the average voltage between the inputs of the current
sense amplifier and usually ranges from negative several volts
up to 100 V. Because the negative range is typical 2 to 10V,
traditional ampilifiers cannot handle the negative voltage of an
AC source. The 100 V positive maximum also limits traditional
amplifiers in high-voltage DC applications unless the sensoris
placed close to ground, which eliminates the ability to detect
a short and creates a voltage drop from system ground and
actual ground. Isolated ampilifiers remove the limitation of
sensing negative and high positive voltages but have reduced
bandwidth and require an isolated supply that consumes lay-
out space and budget. One drawback to any shunt solution
is the dependence on shunt parameters such as tolerance,
temperature drift, and parasitic inductance that affect overall
system accuracy and performance. At high switching speeds
common in power conversion, shuntinductance increases the
overall shuntimpedance. As frequency increases, so does the
shuntimpedance which will reduce the overall system accuracy
and speed as well as cause output spikes.

Hall Solutions

Hall-effect current sensing is done by measuring the voltage
(Viyary) across a biased Hall plate created by the magnetic field
(B) of a current-carrying (I) wire (see Figure 1).
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Figure 1: Hall-effect principle

Hall-based solutions have the benefit of inherent galvanicisola-
tion and working voltages up to >1000 'V, so they can be used
in AC and DC high-voltage applications without the need fora
secondary isolated supply. Internal conductor Hall sensors are
highly integrated and require no external shunt, which allows
them to fit in tight layout designs. Additionally, because the
sensing is done magnetically, the conductor inductance has
no effect on the sensor output, which is especially helpful to
mitigate output spikes when the current switches on and off.
Another benefitis the low resistance of the internal conductor.
This gives the Hall-based solutions lower power losses than
the shunt-based ones and give the solution the advantage at
higher current levels.

Table 1: Comparison of Current Sensing Solutions

Current Sense Hall-Effect
Amplifier Current Sensor
Sensing Method Shunt Hall Effect
Positive Working <100V Up to >1000 V
Voltage
Accuracy Medium-High Medium

Negative Working

Typically -5 t0 10 V

Down to <1000 V

Voltage
Level of Integration Low High
PCB Footprint Medium Small
Immunity to | meLow High
switching noise
Power Loss Medium-High Low
Cost Low-Medium Medium
POWER FACTOR CORRECTION

Power factor correction (PFC) is a form of AC to DC conversion
that aims to reduce reactive power and improve overall efficiency.
In AC loads, power is equal to the instantaneous voltage times
the instantaneous current. Inductive loads such as motors, coils,
or transformers can cause the current to become out of phase
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with the voltage. This creates reactive power that is generated
but does no actual work. Reducing reactive power increases
overall system efficiency.

There are many PFC topologies including:

* Passive filtering techniques
* Boost PFC

e Dual boost bridgeless PFC
* Totem-pole bridgeless PFC

As efficiency requirements increase, so too does complexity
and cost. Totem-pole topologies (see Figure 2) are becoming
very popular due to their high efficiency, in some cases reach-
ing above 99%.
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Figure 2: Totem-pole PFC circuit. Red circles show current sensing locations.

All active PFC topologies require input current and voltage
sensing to regulate output and reduce phase separation. The
high voltage requires an isolated solution such as the Hall-
based or isolated amplifier. Switching speeds of PFC circuits
are very high to reduce power loss. Speeds can range from 50
to 100 kHz and current sensor bandwidth is typically desired
to be two to ten times faster than the switching speed to allow
for adequate feedback. This corresponds to 100 kHz to T MHz
current sensor bandwidth requirements. Isolated current sense
amplifier solutions are typically limited to 300 kHz while Hall
solutions can reach up to 1 Mhz.

SWITCHING DC/DC CONVERTERS

Electronic circuits run on a wide range of DC voltages, hence
the need for DC-to-DC conversion either on the AC/DC output
or for systems with multiple DC rails. DC/DC topologies include
but are not limited to:

* Buck

* Boost

* Buck-boost
e Flyback

* Resonant

Aresonanttopology (see Figure 3) has the advantage of compact
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size, power density, and galvanicisolation, making it popularin
EV charging and energy storage. Hall-based current sensing is
particularly advantageous in high-voltage DC topologies with
high-isolation requirements (>100 V). Switching frequencies
and bandwidth requirements are similar for DC/DC when
compared to PFC topologies, 100 kHz to T Mhz.
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Figure 3: Resonant DC-DC converter circuit. Red circles show current sensing
locations. Sensor on the left is for the input current and requires isolation.
Current sensors on the right are for output current located either on the low or
high side depending on selected approach.

INVERTERS

Inverters (see Figure 4) take a DC voltage and transform it to
an AC voltage. This is used when DC sources such as solar or
batteries are being used to feed into the grid or for powerful
AC motors. Inverters typically have lower switching speeds and
require less bandwidth. Non-isolated current sensing solutions,

APPLICATION INFORMATION

such as traditional current sense amplifiers with shunts, can
also be used in inverters, but the sensor must be place next to
ground instead of in-phase with the AC output. This limits the
ability to detect output shorts and creates a voltage drop from
system ground and actual ground. This low-side sensor place-
ment can only sense current when the low-side switch is on.
In-phase isolated amplifiers or Hall-based solutions eliminate
the ground difference, enable short detection, and can sense
current regardless of switching state. This same concept can be
applied to current sensor placement in motor control.
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Figure 4: Single-phase invertor circuit. Red circles show current sensing loca-
tions. One circle represents in phase sensing, before the load, while the other
represents low side sensing where the sensor is placed between the load and
ground.

Recommended Allegro Current Sensors for Power Delivery Applications

Sensor Family

Features and Benefits

ACS37002
High performance internal conductor
current sensor

High accuracy (1.75%) over temperature improves efficiency and performance.
Adjustable gain and fault levels allows for customization.
0.27 to 1 mQ impedance provides low loss at high currents.

Reinforced isolation options for working voltages up to 1144 Vgys.

High speed, small footprint internal
conductor current sensor

ACS732/3 1 MHz for highest switching speed applications.

High speed internal conductor current

sensor Reinforced isolation options for working voltages up to 1097 Vrys.
ACS730 1 MHz for highest switching speed applications.

Fully integrated 4.9 mm x 6 mm package requires minimal board space in power dense applications

ACS772/3
High power internal conductor current
sensor

200 kHz, +1.5% maximum accuracy, 100 pQ internal resistance. Alternative to modules.

High isolation: 4800 Vgyg dielectric strength.

Typical of 2.5 us output response time for quick protection against overcurrent damage.
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