
 

Mobile-device technology: First on-chip
CMOS power detector with temperature
compensation
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Conventional power detector.

Fujitsu Laboratories today announced that it has developed a CMOS
power detector with built-in temperature compensation, featuring a
compact design and low power consumption suitable for use in
smartphones and other mobile terminals.

Reducing the mounted area required for components and circuits in
mobile terminals is an important factor in reducing their size and cost,
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but they occupy a relatively large mounted area, because the power
detectors used in the transmitters for wireless communications terminals
are typically comprised of several radio-frequency (RF) amplifiers.
Diodes are known to be an alternative for making power detectors
smaller, but their characteristics change with temperature, and the
temperature compensation they require has been problematic.

Fujitsu Laboratories has developed a diode-based power detector with a
technology that simultaneously enables temperature compensation,
resulting in a power detector with a mounted area of only 0.04 mm2 and 
power consumption of 0.3 mW. Compared to conventional detectors,
this requires less than 1/25th the mounted area and consumes 1/10th the
power, contributing to smaller, less expensive mobile terminals.

Details of this technology are being presented at ESSCIRC 2012, the
European Solid-State Circuits Conference 2012, which opened on
September 17th in France.

In recent years, the popularity of mobile terminals such as smartphones
and tablets has soared. These mobile terminals are comprised of a large
number of internal components; therefore, reducing the mounted area
required for these components and circuits is an important factor in
reducing overall size and cost.
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https://phys.org/tags/transmitters/
https://phys.org/tags/wireless+communications/
https://phys.org/tags/power+consumption/


 

  

Influence of temperature when power detector is integrated with power
amplifier.

The transmitters in these mobile terminals require a power amplifier that
amplifies and transmits the signal from the mobile terminal to a base
station. They also require a power detector that detects the magnitude of
that power. Recent mobile terminals have included support for multiple 
frequency bands, and because a separate power detector is required for
the output of each power amplifier for each band, reducing the mounted
area for power detectors has become especially important.

A typical power detector takes a small signal it receives from a power
amplifier via a coupler and amplifies it with an RF amplifier, and
detection is performed by conversion processing, including rectification.
But amplifying the signal from a power amplifier with wide power-
output range requires multi-stage RF amplifiers, which is an obstacle to
reducing mounted size.
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https://phys.org/tags/power+amplifier/
https://phys.org/tags/frequency+bands/


 

  

Block diagram of newly developed power detector.

One method for making smaller power detectors uses diodes for
rectification, but integration without temperature compensation will
result in power detectors with variable characteristics, because the
characteristics of diodes change depending on the temperature.
Integrating a diode-based power detector with a power amplifier on one
chip will be especially susceptible to the chip's own temperature as the
power amplifier heats up. In other words, the temperature that the power
detector is exposed to will change. This self-heating varies in response to
the output of the power amplifier, meaning the accuracy of power
detection will be degraded by the temperature fluctuations.

Fujitsu Laboratories has developed a technology that obviates the need
for the RF amplifier and applies temperature compensation to diode-
based power detection. Power detection is conducted by generating a
current in proportion to the power using a diode.
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Operation of the newly developed power detector.

To handle temperature fluctuations, a current that varies with the
temperature is generated separately using the same diode, and
compensation is achieved by subtracting that from the detected current.
Even if the temperature fluctuates, and currents flowing through diodes
change, only the current proportionate to the power is detected with no
dependency on temperature, because the current equivalent to the
temperature fluctuation is being subtracted.

A power detector based on this technology was fabricated using 90-nm
CMOS technology, which resulted in a detector with a mounted area of
0.04 mm2 (compared to roughly 1 mm2 for existing designs) and that
operates at 0.3 mW (compared to 5 mW). Accordingly, compared to
conventional detectors, the new power detector requires less than 1/25th
the mounted area and consumes 1/10th the power.
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Photograph of the newly developed power detector.

Over a range from -30°C to 125°C, this technology achieved detection
accuracy on par with conventional detectors (input dynamic range(1) for
a detection error within ±0.5 dB is 20 dB or more). This detector
supported three frequencies used by WCDMA(2), Band I (2.1 GHz),
Band V (850 MHz) and Band IX (1.7 GHz), this circuit technology may
be applied to the LTE(3) wireless standard. Owing to its compactness,
low-power operation, and temperature compensation, it is amenable to
being integrated with power amplifiers.

When combined with commercially available power amplifiers for
multiple frequencies, this technology makes possible a dramatic
reduction in mounted size for power-amplifier peripherals, contributing
to smaller, less expensive mobile terminals. To apply this technology in
practical terms, and make it compatible with future wireless standards,
Fujitsu Laboratories plans to continue improving its detection accuracy
and expanding its range of power detection.
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