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Using LED

LIGHT EMITTING DIODES or 'LEDs’ are now very
widely used in almost every area of electronics, mainly as
indicator and display devices.

They're very well suited for this kind of use, because they
are physically quite rugged and hence much more reliable
than filament-type incandescent lamps. They also run much
cooler and are much more efficient, requiring far less
electrical power input for the same amount of light output.

Other common uses for LEDs are as a source of either
visible or infra-red light, transmitted as a carrier for data
and other information over short ‘line of sight’ distances.

A LED is basically just a specialised type of P-N junction
diode, made from a thin chip of fairly heavily doped
semiconductor material. When it is forward biased to
reduce the potential barrier provided by the junction’s
narrow depletion layer, electrons from the semiconductor’s
conduction band can combine with holes from the valence
band, releasing sufficient energy to produce photons of
light. Because the chip is thin a reasonable number of these
photons can leave it and radiate away as its light output.

Unlike diodes made for detection and rectification, which
are generally made from either germanium or silicon, LEDs
are made from compound semiconductor materials such as
gallium arsenide (GaAs), gallium phosphide (GaP), gallium
arsenide-phosphide (GaAsP), silicon carbide (SiC) and
gallium indium nitride (GalnN). The exact choice of
semiconductor determines the wavelength of peak emission
of photons — and hence the colour of the light emitted, in
the case of visible light LEDs. It can also determine the
electro-optical conversion efficiency. and hence the light
output for a given amount of forward conduction current.

Another parameter determined by the compound
semiconductor used in a LED is the forward voltage drop
for a given forward conduction current.

Table | shows the peak emission wavelength for the
most common types of LED, with the nominal colour
indicated and also the typical forward voltage drop for a
current level of 20mA.
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Fig.1: The construction used for
most common ‘leaded’ LEDs.

How they're used

In most cases LEDs are operated from a low voltage DC
supply. with a series resistor (Fig.2) to limit the forward
current to a suitable value — from say 5-6mA for a simple
pilot lamp or status indicator application to 20mA or more
where more light output is needed. As you can see the
series resistor value is easily worked out knowing the
required operating current IF, the supply voltage and the
LED’s forward voltage drop at this current fevel.

The LED's voltage drop Viep can usually be estimated
from the figures given in Table | for a current of 20mA,
although the actual voltage drop will be a bit lower for
much lower current levels. Note that the resistor value is
not especially critical, so once you calculate the theoretical
resistor value you can pick the nearest preferred value.

Table I: Typical LED characteristics

Nominal Semiconductor Peak Emission - VFORWARD @ 20mA

Colour material wavelength Typical "Range
Infra-red GoAs 870-940nm 1.2V 17-1.6V
Red GaAsP/GaP 650-700nm 20V 15-2.6V
Orange GoAsP/GaP 620-650nm | 20V | 17-28V
Yellow InGuAlP 580-620nm 24V 17-3.0v
Green GaP 510-560nm 2.8V 1.7-40V
Blue Gal/SiC 420-470nm 3.6V 32-43V
White Gal/SiC 460-570nm 3.6V 32-43V

The construction of a typical LED is shown in Fig. | above.
LEDs with leads like that shown are made in a variety of
package shapes and sizes, of which the 3mm, 5mm and
[0mm diameter ‘bullet’ type with a spherical front lens
are the most common. Other much smaller packages are
used for surface-mount LEDs.

RESISTOR
VResISTOR Fig.2: In most
+ —MWN— — + cases LEDs are
A e S operated from
! Y Al LED T DC, and a simple
Vi series resistor is
VSuPPLY CURRENT ! -r"?“ Vie used to set the
‘ [r R o ‘ forward current
cmm K level. The value
_ e e of the required

resistor is easily
calculated
knowing the
LED’s forward
voltage drop, the
supply voltage
and the current
you want, as you
can see.

Viep + Veesistor = Vsuppry

So Vresistor = VsuppLy — ViED
And Vresistor = IF x Rresistor

So Rresistor = Ysuppty — ViED

IF
Where Vieo is found from LED data

and Ir is chosen to give desired
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How Ultrasound Works

Ultrasound or ultrasonography is a medical imaging technique that uses high frequency
sound waves and their echoes. The technique is similar to the echolocation used by bats,
whales and dolphins, as well as sonar used by submarines.

What is Ultrasound?

In ultrasound, the following events happen:

The ultrasound machine transmits high-frequency (1 to 5 megahertz) sound pulses inte your
body using a probe.

The sound waves travel into your body and hit a boundary between tissues (e.g. between
fluid and soft tissue, soft tissue and bone).

Some of the sound waves get reflected back to the probe, while some travel on further until
they reach another boundary and get reflected.

The reflected waves are picked up by the probe and relayed to the machine.

The machine calculates the distance from the probe to the tissue or organ boundaries using
the speed of sound in tissue (5,005 ft/s or 1,540 m/s) and the time of the each echo's return
(usually on the order of millionths of a second).

The machine displays the distances and intensities of the echoes on the screen, forming a
two dimensional image.

In a typical ultrasound, millions of pulses and echoes are sent and received each second. The
probe can be moved along the surface of the body and angled to obtain various views.

The Ultrasound Machine

A basic ultrasound machine has the following parts:
Transducer probe - probe that sends and receives the sound waves

Central processing unit (CPU) - computer that does all of the calculations and contains the
electrical power supplies for itself and the transducer probe

Transducer pulse controls - changes the amplitude, frequency and duration of the pulses
emitted from the transducer probe

Display - displays the image from the ultrasound data processed by the CPU
Keyboard/cursor - inputs data and takes measurements from the display
Disk storage device (hard, floppy, CD) - stores the acquired images

Printer - prints the image from the displayed data
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The transducer probe is the main part of the ultrasound machine. The transducer probe
makes the sound waves and receives the echoes. It is, so to speak, the mouth and ears of
the ultrasound machine. The transducer probe generates and receives sound waves using a
principle called the piezoelectric (pressure electricity) effect.

In the probe, there are one or more quartz crystals called piezoelectric crystals.

When an electric current is applied to these crystals, they change shape rapidly.

The rapid shape changes, or vibrations, of the crystals produce sound waves that travel
outward. Conversely, when sound or pressure waves hit the crystals, they emit electrical
currents. Therefore, the same crystals can be used to send and receive sound waves.
The probe also has a sound absorbing substance to eliminate back reflections from the
probe itself, and an acoustic lens to help focus the emitted sound waves.

In addition to probes that can be moved across the surface of the body, some probes are
designed to be inserted through various openings of the body (vagina, rectum, esophagus)
so that they can get closer to the organ being examined (uterus, prostate gland, stomach);
getting closer to the organ can allow for more detailed views.

The CPU is the brain of the ultrasound machine. The CPU is basically a computer that
contains the microprocessor, memory, amplifiers and power supplies for the microprocessor
and transducer probe. The CPU sends electrical currents to the transducer probe to emit
sound waves, and also receives the electrical pulses from the probes that were created from
the returning echoes. The CPU does all of the calculations involved in processing the data.
Once the raw data are processed, the CPU forms the image on the monitor. The CPU can
also store the processed data and/or image on disk.
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