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What is a die?

• Integrated electronic circuits and sensors are produced in large batches on a
wafer of silicon.

• The wafer is diced (sawn) into many identical pieces, each containing one copy of
the circuit or sensor. Each of these pieces is called a die or a silicon chip.

• So a die is a small block of semiconducting material, on which a given functional
circuit or sensor is fabricated. Plural: dice

• Die are available in bare form or with minimal packaging such as with solder
bumps for soldering on the contact pads.
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What are die used for? 

• Circuitry such as computer processors

• Light Emitting Diodes (LEDs)

• Radio Frequency Identification (RFID)

• Proximity touch sensors

• Temperature sensors

• Accelerometers

• Humidity sensors

• Pressure sensors

• Force sensors

• Flow sensors

• Conductivity sensors

• Image sensors

• Magnetic field sensors
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RFID: 1.5x1x0.5 
mm



Example LED: CREE
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• Blue, Ultra Violet, green, white
• 1x1x0.3 mm



Example: 9 axis: 3 axis accelerometer/3 axis gyro/3 axis 
magnetometer
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• 3-axis gyroscope
• 3-axis accelerometer (±2 to ±16g)
• 3-axis compass 
• 3x3x1 mm

• 3-axis gyroscope
• 3-axis accelerometer
• 3x3x0.75 mm



LED/Thermistor Filament 
demonstrator
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Brief description of filaments
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• LED filament:

• Contains resistors and LEDs of sizes less 
than 300 microns

• Applications include LED garments for 
fashion etc.

• Thermistor Filament

• Contains thermistor (for temperature 
sensing) and LEDs (for indicating 
temperature ranges) and microcontroller

• Applications include heat detector suits for 
fire fighters etc.



Components
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Smallest Microcontroller
Size: 1.56 mm x 1.4 mm x 0.54 mm

LED size: 0.24 mm x 0.32 mm x o.14 mm



Filament fabrication and component Assembly

• Filament fabrication:

– Patterning of circuit on a plain copper-coated plastic substrate using etching 
and photolithography

• Component Assembly by flip chip bonding:
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Devices
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LED Strip

Microcontroller controlling LED lighting on Strip



Thin and Flexible Proximity/Touch Sensor Circuit 
Demonstrator
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Proximity and Touch Detection Switch - Capacitive

13

• Circuit Dimensions: 0.4cm (W) x 10cm 
(L)

• Touch: Yes

• Proximity: Yes

• Proximity Range: 0.1 – 2cm

• How it works: When the electrode is 
touched by a trigger object or senses 
a trigger object above it, this caused 
the LED light on the circuit to 
illuminate as visual feedback. Video demonstration of flexible  LED circuit in cylindrical 

encapsulation interacting with water



Proximity and Touch Sensor Detection Indicator -
Infrared

• Circuit Dimensions: 0.3cm (W) x 2.5cm (L)

• Touch: Yes

• Proximity: Yes

• Proximity Range: 0.1 – 6cm 

• How it works: When a trigger object varies 
in distance away from the infrared emitter 
and receiver, the LED illumination 
brightness varies simultaneously as visual 
feedback. 14Video demonstration of functioning infrared touch and proximity 

sensing indicator circuit



Novel Cylindrical Encapsulation within Water

• Cylindrical encapsulation is 
hydrophobic, bendable, 
twistable, flexible, and contains 
flexible circuit at its core

• Anticipated to also encapsulate 
sensory circuits 15

Video demonstration of flexible LED circuit in cylindrical 
encapsulation interacting with water



Encapsulation Unit 

Nour Nashed
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Aim of the encapsulation

• Washable Electronics

• Strengthen against stresses

Tensile test: 2.30 N Tensile test: 9.70 N

ATRG



Encapsulation Mould

ATRG



Encapsulation Mechanism

ATRG



Inserting the encapsulated into cylindrical 
sheath

ATRG
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Accelerometer Demonstrators
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Why an Accelerometer?

• Accelerometer is a sensor producing electrical signals proportional to movement in a 
specific direction.

• Used widely in mobile phones and hand held devices for things like screen orientation, 
health monitoring (pedometer, sleep patterns), games and gesture control.

• If integrated into clothing, these same control and health monitoring programs could be 
used directly or sending data out to mobile/wireless devices.
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Accelerometer Circuit

• FETT uses 3 axis accelerometer – can get data from X, Y and Z directions.

• Current demonstrator uses smallest commercially available accelerometer, 2 x 2 
x 1 mm dimensions.
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• Dimensions of 2 x 2 x 1 mm 
• I2C digital output – uses less wires.
• Supply voltage: 1.72 to 3.6 V – smaller battery
• Current consumption: 180 µA – less power
• Price £1: 1 off



Accelerometer demonstrator
• Latest circuit design is 2.4 mm wide and has been integrated within a garment with two 

accelerometers connected together.

• Demonstrators for today show the strip circuits containing accelerometers and some working 
demonstrations you can move to see an output on the laptop screen.



Example of demonstrator testing



Vibration sensing yarn for the monitoring of 
Hand Transmitted Vibrations (HTVs)
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Identifying the problem

• Hand Transmitted Vibration (HTVs) are most commonly encountered 

in the construction industry due to the vibrating nature of most 

power tools.
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Vibration sensing yarns and glove
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• ISO 5349-1:2001 can be used to 

predict the adverse effects of hand-

transmitted vibration over the 

frequency range 8 – 1000 Hz.



Vibration sensor data-processing

• Vibration-based injury is more likely at certain frequencies, so a 

device needs to be able to extract both frequency and amplitude. 
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• Ongoing research is exploring how encapsulation affects different 

sensor types when investigating vibration.
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