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Abstract— Around the world, performance and cost 
efficiency have always been the challenges facing home 
appliance manufacturers.  Advances in semiconductor 
technology have enabled the appliance industry to meet 
these challenges by increasing machine performance, 
efficiency and user-friendliness, while lowering overall 
control costs.  This paper presents 3 technological 
advancements addressing key trends in Smart Appliance 
control, in the context of semiconductors.


I. INTRODUCTION

Home appliances, regardless of end function, can be 

reduced to three interrelated operational blocks: user interface 
and environmental sensing, intelligence, and power 
management.  Our first area of discussion will address a very 
specific function within the user interface, audio.  
Manufacturers have at their disposal the ability to offer high-
quality audio to consumers.  The audio may be speech, music, 
or simply better-sounding chimes and dings.  In any case, the 
designer is presented with a number of digital audio formats 
which provide a working range of sub-telephone quality to 
CD-quality audio, at the expense of a relatively small or very 
large amount of memory.   Each format must be handled and 
processed, and in the end, converted into an analog signal and 
amplified to drive one or more speakers.  A complete digital 
audio system will be presented, including an overview of the 
various storage and transmission formats available today.


The user interface is one of the major selling features of a 
home appliance.  While many consumers prefer the look and 
feel of traditional appliances, others are looking for state-of-
the-art features that both look and give the feel of the best their 
money can buy.  Touch sensors are an innovation that allow 
manufacturers to provide the ultimate in new technology, 
while at the same time increasing margin and reliability from 
their products.  To address this need, ST has developed its 
STouch family of capacitive touch sensors.  These sensors 
provide up to 12 touch points in a single package as well as 12 
general I/Os and a buzzer output.  Due to its unique state 
machine technology, the STouch family offers unrivaled 
performance requiring no external resistors or capacitors and 
only one input pin per sense line.  The STouch family also 
allows users to configure the types of key presses that will be 
considered valid, as well as the number of concurrent touches 
that will be allowed. 


Smart appliance control includes more sophisticated power 
management to the various loads found throughout the 
machine.  Advances in semiconductor technology and industry 
innovations have brought new solutions to appliance 
manufacturers for intelligent load control.  Traditional 
thyristors are being replaced by more intelligent successors 
offering built-in crowbar protection and line surge 
suppression.  Internal protection structures help to keep the 
devices from failing in critical applications, such as heating 
element drive, motor control, and valve control.  The noise 
immunity and internal protection make the ACSTM devices 
from ST ideally suited for noisy environments and controlling 
highly inductive loads, and offer a dramatic size and reliability 
improvement over electromechanical relays. 


This paper will be technical in nature, written for design 
engineers and application professionals.  Examples will be 
provided, using references to ST components for each topic.


Incorporating Digital Audio as a User Interface Enabler

An essential component to any human-machine interface 
(HMI) is audible feedback to the user.  The wide range of 
electronic-controlled audio options available to appliance 

control designers is bound on one end by piezoelectric 
buzzers, which are inexpensive and very simple to incorporate.  

At the other end of the spectrum lies high-fidelity digital 
audio, exhibiting excellent sound quality at the expense of 

increased complexity and cost.  We will introduce and 
examine the various formats for digital audio that can be used 

in appliance controls.


Playback vs. Synthesis


Piezoelectric buzzers are perhaps the easiest and most 
inexpensive way to provide audible alerts to the user.  On the 

other hand, buzzers are quite limited in terms of sonic 
performance and audio reproduction.  A buzzer, for example, 

would not be used to reproduce speech or music.  High-quality 
sounds, such as those produced by musical instruments or 

human speech, require a suitable electroacoustic transducer to 
handle the complex audio signal.  In practice, this is an 

amplifier and speaker, which – in appliance controls - will be 
driven by some sort of digital audio circuit.


In general, digital audio systems for appliances can be grouped 
into two classes.  So-called “playback” based systems (such as 

MP3) are responsible only for decoding the stored or 
transmitted digital audio signal.  Synthesis-based systems 



(such as text-to-speech and MIDI) must first generate the 
audio data stream using a set of performance and synthesis 
parameters, and then convert the data to an analog form, or 

“directly” into its acoustical form.

While playback systems require potentially large memory 
devices to store the coded audio data, synthesizers require 
significant processor resources to generate a high-quality 

signal.  Also, depending on the quality of synthesis system, a 
larger memory device may be required to store wavetable 

information.

Playback systems are quite advantageous when the content 
that is to be delivered is pre-determined and finite.  Speech 

passages as user commands, for example, are best pre-
recorded and stored as audio files, if the manufacturer knows 
exactly which commands need to be announced through the 
course of human-machine interaction.  Synthesis is generally 
only advantageous when the audio content is not fixed or pre-
determined.  For example, a voice output system that reads e-
mails to the user would be a natural application for synthesis. 

For the most part, playback systems are more favorable for 

appliances due to the types of audio information that need to 
be conveyed: chimes and other instrumental sounds can be 
generated by MIDI synthesizers, but if a manufacturer is 

interested in supplying voice prompts, a synthesis approach 
becomes impractical.  However, the designer may choose to 

mix the technologies and use MIDI for notification sounds and 
even music, and reserve only a small storage space for a 
limited number of voice prompts.  The penalty for this is 
increased system complexity.  Playback systems will be 

addressed in this portion of the essay.


Playback Systems


In contrast to synthesis-based systems, playback systems are 
able to decode and reconstruct any audio file that is supplied, 
provided that the appropriate decoder technology is present in 
the system.  Within this class, there are three main categories 

of audio data which are separated by their data and processing 
overhead: Linear PCM, Compressed, and Perceptually Coded 

audio. 

A generic digital audio module is shown in Figure 1, which 

applies to all three categories of playback systems.  A memory 
device is required to store the audio information, and the audio 

stream must be decoded and transferred to a conversion/
amplification stage. 


 





Figure 1.  Block diagram of a generic digital audio module.


The audio format will depend upon the application and its 
associated requirements for audio quality.  Uncompressed 

linear PCM audio offers highest fidelity at the expense of large 
throughput and storage capacity requirements.  The data rate is 

fixed, and is expressed as:


r D= fs * L	 	 (1)	 


where r D is the data rate, fs is sampling frequency, and L is 
sample word length (in bits).  As a benchmark, CD-quality 
audio is sampled at 44.1 kHz, and word length is 16 bits.  

Therefore the single-channel audio data rate in a CD-quality 
recording is 705.6 kbps.  To achieve lower data rates, sample 
lengths can be truncated, or the sampling frequency reduced.  

The result in either case is significant reduction in quality.  
Every bit-reduction in sample length penalizes the system 6.5 

dB of dynamic range due to increased quantization error, 
which generates very obvious and problematic audible noise.  
Reducing the sampling frequency effectively band-limits the 

audio signal.  Indeed, much research has shown that a 
significant contributor to the intelligibility of speech is 

information residing in the 8kHz – 12kHz band.  (Frequencies 
in this band help us to distinguish between consonants, such as 

“f” vs. “s”, and “d” vs. “t” sounds.)  Audio must be sampled 
above 24kHz to preserve useful fidelity for speech 

applications, and above 40kHz for music.

Audio compression can be utilized to achieve more 

manageable data rates.  Two formats that can be realized easily 
in appliance controls are ADPCM and MP3.  ADPCM is a 

non-perceptual coding system, and so it is inherently lossy; it 
is easy for casual observers to hear the noise and decreased 

bandwidth introduced by the coding process.  In fact, ADPCM 
offers at best 60dB dynamic range (compared with 100+ dB 
dynamic range for uncompressed 16-bit PCM audio), and 

supports maximum 38kHz sample rate.  Alternatively, MP3 
provides full-bandwidth, high quality audio at a fraction of the 

size of linear PCM files.  The success of MP3 as a lossless 
coding scheme is due to perceptual coding.  The mission of a 

perceptual audio coder is to deliver the highest quality 
representation of an acoustical event using no more bits than 

required.  A discussion of perceptual coding is beyond the 
scope of this article, but it is important to understand that 

perceptual coders utilize sophisticated models of the human 
auditory system to determine which components of an audio 

signal will be perceived by the listener, and which components 
will be ignored.  The coder spends data only on the portions of 

the signal that are deemed necessary.




Implementing a UI with high-quality digital audio is much 
simpler now than ever.  More importantly, it is much more 

practical now than ever.  STMicroelectronics has developed a 
broad portfolio of complete digital audio solutions for total 
design flexibility.  For example, ST’s veteran digital audio 

decoder, STA015, is a hardware MP3 decoder, offering 
digitally-controlled 3-band EQ and on-chip ADPCM CODEC.  

Data are transferred into the device from an external source 
via microcontroller, and the decoded output data are sent to a 
DAC or digital amplifier.  An intelligent front-end supports 

transparent sample rate and data rate adjustment, based on the 
properties of the input data stream.  


To complement the portfolio of standard analog Class-AB and 
Class-D amplifier ICs, STMicroelectronics offers fully digital 
amplifiers as well, as part of the Sound TerminalTM family of 

products.  The clear advantages in this approach are greatly 
reduced component count, simplified design, tremendous 

power efficiency, and superior audio quality.  Digital 
amplifiers, such as STA33x, accept standard I2S digital audio 

at the input, and can handle data transfer directly from the 
source.  What’s more, an ARM7TDMI core is integrated to 

handle on-chip signal processing.  This eliminates the need for 
DAC, as shown in Figure 2.  The power stage is a high-

efficiency damped ternary switch-mode stage, which offers 
better power efficiency and lower EMI than standard binary 

switchers. 





Figure 2.  Output stage integration trend in digital audio.   
Digital amplifiers greatly improve the overall audio system 
compared to conventional systems relying on separate D/A, 

processing, and amplification stages.


Concluding Remarks


When all is carefully considered, high-quality perceptually 
coded audio is indeed a viable feature for tomorrow’s 

appliance controls as a premium user interface enabler.  
Regardless of the technology selected, STMicroelectronics has 

the full range of solutions for audio: storage, power 
management, signal processing, and power amplification. 


Optimized Touch Sensor Solutions


Most of today’s user inputs on appliance controls are designed 
to provide some type of tactile feedback to consumers.  
Manufacturers in all industries are developing elegant 
electronic controls, that still have the look and feel of 
mechanical switches and linkages.  This is the case in 

appliance controls as well.  Electronic controls provide 
manufacturers with faster time-to-market and the ability to 

differentiate without having to redesign plastic or metal 
housings and the tools required to make them.  Electronic 

controls also enable manufacturers to upgrade the appearance 
and usability of their appliances with little cost.  One example 

of such a trend is that of touch controls.  

Touch controls take the place of present day pushbuttons, 

rotator switches, and switches covered by membranes.  ST has 
developed a series of capacitive and resistive touch controls 

that work from a single device, eliminating the need for silicon 
at each sense point.  This new series is called STouch.


Touch sensors can be arranged in various configurations as 
shown in Figure 3.  Both the Key- and Pseudo-position 

sensors take discrete key points and register them as single 
position points.  Ratiometric, ratiometric-matrix and key-

matrix sensing topologies employ software interpolation to 
give more detail as to where the touch is registered.





Figure 3.  Sensor configurations.


The STouch series is a highly-optimized hardware-based 
capacitive touch sensor solution that stands out in its unique 
features when compared to today’s existing touch solutions.  
The STouch series requires a single input pin and no external 
resistors or capacitors, per key.  STouch senses the difference 

in capacitance at each touch point when compared to a 
reference capacitance.  Internal circuitry monitors gradual 

environmental changes, such as temperature and humidity, and 
automatically re-calibrates the sensor for stable operation.  A 

real-time programmable touch strength threshold allows touch 
activity to be registered properly, even in the presence of water 

and viscous liquids.  Sensor resolution is extremely fine, 
detecting impedance changes caused by the presence of a 60fF 

capacitance.  To achieve high performance in noisy 
environments, a built-in time-integrating mechanism has been 

incorporated, allowing the user to set the time and strength 
necessary before a change in capacitance is determined to be a 

valid touch.










Figure 4.  Programmable time-averaging of the sensor outputs 
helps to achieve robust performance in extremely noisy 

environments.


As shown above in Figure 4, the data points are averaged and 
compared to a reference.  If the signal is long enough to be 

deemed outside of the programmable noise threshold, and the 
strength is above the programmable strength threshold, the 

touch is considered valid.

Another unique feature is that due to differences in sensor line 

lengths and positions, the capacitance can be adjusted 
internally up to 6 pF without the need for external capacitors 

being placed on the board as shown in Figure 5.











Figure 5.  Compensating for dynamic range by introducing 
external channel capacitances and utilizing internal 

compensation. (a) The intrinsic capacitance on each channel in 
a 4-key system.  (b)  Establishing a reference capacitance and 

adding capacitance on channels 2 & 4.  (c)  Net channel 
capacitance seen by the STouch sensor.


Additional noise and errant-touch immunity is achievable 
through the I2C-programmable operating modes.  The devices 

may be programmed in real time to accept all valid touch 
conditions, or to accept only the two strongest touch 

conditions and ignore the rest, or to accept only the single 
strongest valid touch.  


These, along with many other user configurable features, 
allow appliance designers to add reliability and product 

innovation to their designs with the full support of ST in-house 
application engineers – thus eliminating the need to use third 

parties for design support.


II. ACS™ DEVICES FOR ADVANCED SWITCHING 
APPLICATIONS


Triac-based control of inductive loads requires design care 
to meet application performance and safety requirements.  The 
state of the art snubberless triac can address specifically the 
dv/dt immunity and turn off commutation. Triac technology is 
robust within the limits of its rated blocking voltage (VDRM / 
VRRM). Beyond this limit, an over-voltage may create 
irreversible degradations of the switch; an uncontrolled 
triggering by over voltage provokes hot points in the junction 
area. The triac must be protected with an external voltage 
suppressor.


The most critical constraint is the voltage surge as described 
in the IEC61000-4-5 standard. A 2 kV 1.2/50 µs voltage level 
is usually required. Two main protection methods are possible 
to resist this 40 Joules surge:


• Clamping -  an external voltage suppressor such as 
a varistor absorbs the energy of the surge


• Crowbar - the triac is turned on safely, and the 
surge energy is dissipated into the load impedance


Developed around a bi-face full planar technology, new 
internally-protected triacs feature outstanding built-in over-
voltage robustness thereby enhancing system reliability.


When the terminal voltage exceeds its avalanche voltage, 
the switch is safely self-triggered in crowbar mode. The 
voltage quickly drops down to a few Volts, and the over-
voltage stress is turned into a current flowing through the 
switch. The planar AC switch then recovers its blocking 
capability at the end of the line cycle. This behavior is 
consistent with the IEC60730 and UL60335 standards.


Along with integration targets for reliability and design 
simplification, a further evolution has been realized with the 
ACS™ Switch. This new switch integrates a gate level shifter, 
enabling a MCU logic level drive with higher electrical 
transient immunity. 


For instance, a 0.8A switch guarantees 500V/µs immunity - 
10 times more than an equivalent 1A triac with identical gate 
sensitivity (IGT = 10mA).


Figure 6 shows the comparison between the traditional triac 
and ACS™.


(b)(a)

(c)






	     (a)	 	 	 	 (b)


Figure 6.  Internally-protected ACSTM Switch eliminates all external 
protection components. (a) State of the Art.  (b)  New internally-protected 

over-voltage proof ACS devices.


This simplifies design by removing the need for noise 
suppression circuitry, and the entire control can meet 
IEC61000-4-4 standards.


In the case of a washing machine water valve on/off 
control, a 0.8A AC switch safely withstands turn-off operation, 
and the back-electromotive-force produced by the inductance 
of the load is clamped and absorbed by the switch. Guaranteed 
by design, such a switch has the energy capability confirmed 
by severe tests on 28H inductive loads. See Figure 7.





Figure 7. AC Switch turn-off clamping on inductive load.


The unique gate structure of the ACSTM switch allows its 
back side to be the stable common polarity:  this device can 
share the same cooling tab with the other appliance AC 
switches.


This specific feature facilitates creating arrays of AC 
switches, grouping several switching cells into a single frame 
package dedicated to centralized control of actuators in an 
appliance, such as a dishwasher. This not only reduces the 
over all system cost, but also increases the reliability of the 
system, and simplifies the FMEA process. See Figure 8. 





Figure 8. From triac to enhanced planar AC switch


Since the ACSTM switch structure shows a stable voltage on 
its die back side, its association with a controller allows a new 
control and a failure detection to be designed; a voltage 
monitoring and a thermal protection become feasible. 


In home appliances, the processing micro-controller could 
monitor the operating state of the AC switches and could 
consequently achieve the diagnostic of their failure modes: a 
short circuit or a diode mode failure can be detected. Close to 
the switch, a detection block is required to sense the electrical 
parameters of the load and the switches such as the AC 
voltage, the temperature and even the current. Those new 
devices will enhance the ability of self-diagnose and self-
protection for the power management of home appliances, 
which makes appliance smarter. The innovative concept of 
smart AC switches is implemented in NeoS device, as shown 
in Figure 9.





Figure 9.  Smart AC switch: NeoS device.


Smart AC switch technology integrates the control, switch-
mode failure detection and overload monitoring features in a 
cost effective way, paving the way for the development of 
remote maintenance services for home automation application. 
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Concluding Remarks


The development of robust and full planar AC power 
switches and AC power management circuits has been 
required to improve the appliance performances, bring power 
savings and user safety functions. These devices contribute to 
increase to the electromagnetic compatibility of the power 
drive: their voltage over-voltage robustness and their fast 
transient immunity allow international EMC standards to be 
exceeded. Remote maintenance services emerge with home 
automation appliances and require new features such as the 
load monitoring and the switch failure detection. A new 

generation of power devices will break the “discrete” barrier 
and will be able to integrate the circuit which senses the 
thermal and electrical parameters of the switch and detects 
state and failures before transmitting back to the processing 
microcontroller.


REFERENCES


[1]    T. Castagnet, “Intelligent Power Management Improves Appliance 
Safety and Efficiency” in Appliance Design, October 2006.



	Introduction
	ACS™ Devices for Advanced Switching Applications

