Experiment BT-5: Semiconductors

Equipment Required

PC or Mac Computer

IX-TA-ROAM recorder, USB cable, power supply
A-BMET-B BMET Trainer Board

C-DIN-BB DIN to Breadboard Cable

C-BNC-BB BNC to Breadboard Cable
A-BMET-EC Electronic Components Set

Jumper Wires

Setup

1. Connect the C-DIN-BB Cable to port A5 on the TA-ROAM. Use extender cables for the yellow
and brown leads.

2. Connect the C-BNC-BB Cable to the S1 (LV Stimulator) portion the TA-ROAM.

iWorx TA-ROAM

SNG ga.

Figure BT-5-S1: IX-TA-ROAM, C-DIN-BB cable (port A5), C-BNC-BB cable (S1).
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Experiment BT-5: Semiconductors
Background

Semiconductors are the foundation of modern electronic devices and are found in nearly every piece of
biomedical equipment. Unlike conductors, which allow electrical current to flow easily, er insulators,
which block current, semiconductors can control the movement of electrical current. This ability allows
electronic circuits to perform functions such as signal processing, power conversion, sensing, and
circuit protection.

One of the simplest and most commonly used semiconductor devices is the diode. Piodes are used in
patient monitors, infusion pumps, defibrillators, ECG amplifiers, imaging equipment, and power
supplies. Depending on the application, a diode may be used to convert alternating current (AC) to
direct current (DC), protect sensitive circuits from incorrect power connectionsy regulate voltage, or
produce light in the form of a light-emitting diode (LED).

In this experiment, students will investigate the behavior of two €ommon semiconductor devices: a
standard silicon diode and an LED. Students will measure thein forward voltage, compare their
behavior when forward and reverse biased, and observe how diodes can be used to protect electronic
circuits.

Theory
1. Semiconductor Materials

Semiconductors are materials whose electrical conductivity lies between that of conductors and
insulators. Their electrical properties can'be controlled by adding small amounts of impurities through
a process called doping. The two most common/semiconductor materials are silicon and germanium,
with silicon being used in the majority of electronic devices.

Semiconductors form the basis‘ofimany.electronic components, including diodes, transistors, integrated
circuits, sensors, and microprocessots. Their ability to control the flow of current makes them essential
in both consumer electroni€s,and biomedical instrumentation.

2. PN Junctions

A diode is created,by joining P-type and N-type semiconductor materials together, forming a PN
junction, This junetion gives the diode its unique electrical characteristics.

A diode has'two terminals:
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* Anode — connected to the P-type material
* Cathode — connected to the N-type material

The cathode is typically identified by a stripe on the body of the diode. On an LED, the ¢athode 1s,often
indicated by a flat edge or by the shorter lead.

The PN junction allows current to flow primarily in one direction, making the diode useful for
controlling the direction of current in a circuit.

3. Forward Bias

A diode is forward biased when the anode is connected to a higher electrical potential than the cathode.
In this configuration, the diode allows current to flow after the applied veltage exceeds its forward
voltage.

The forward voltage depends on the diode type. Typical values are shown below.

Diode Type Typical Forward Voltage
Silicon diode 0.6-0.7V
LED (red) 1.8-22V

LED (green) 2.0-3.0V
LED (blue/white) 2.8-3.6 V

4. Reverse Bias

A diode is reverse biased when the cathode is connected to a higher electrical potential than the anode.
Under normal operating conditions, the diode bloeks current flow, allowing only a very small leakage
current that is typically too small to measure:

The ability to conduct in one direction while blocking current in the other is one of the defining
characteristics of a diode. If a power supply is accidentally connected with reversed polarity, a
protection diode can prevent custent from flowing through sensitive components or safely redirect the
current away from the circuit

Diodes are also widely usediin power supplies to convert AC voltage into DC voltage, in voltage
regulation circuits, and as. I EDs that provide visual indicators of system status.

Pre-Lab Questions
1. What is a PNjunction, and what is its purpose in a diode?

2. Explain the difference between forward bias and reverse bias.
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3. What are the anode and cathode of a diode? How can you identify the cathode on a standard
diode and on an LED?

4. Asilicon diode is connected in forward bias to a DC power supply. Approximately,w tage
drop would you expect to measure across the diode?

5. Would you expect current to flow through a diode that is reverse biased? Explai answer.

N
{Q‘Q
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Experiment BT-5: Semiconductors: Forward and Reverse Bias

Exercise 1: Silicon Diodes

Aim: Investigate the behavior of a silicon diode when connected in forward and reversg'bias by
measuring the voltage across the diode and across the resistor.

Approximate Time: 30 minutes

Procedure

1. Locate Circuit F.

2. Place one silicon diode (labeled ON4148) for DF1. Ensure the diode‘1s connected in forward
bias.

3. Place a lk resistor for RF1.

4. Provide an input of 5V using the C-BNC-BB cable.
a) Connect the red lead to INF.
b) Connect the black lead to one of the GND pins in the Inputs section.

5. Measure the output using the C-DIN-BB cable.
a) Connect the + (red lead) tothe VCC pmiin the Inputs section on the right.
b) Connect the - (black lead) to the VEE pin.
¢) Connect the ground (gréen) to a GND pin.
d) Measure the voltage‘outputiacross the diode by connecting the yellow lead at TPF1 and the

brown lead at TPE2.

6. Press the red REC button to start the recording in LabScribe. LabScribe will now supply power
to the circuit.

7. Type “Forward, silicon” into the Mark box and press ENTER on the computer keyboard to
mark the recording.

8. Record for~5seconds.

9. Press,the STOP button to stop the recording.
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10. Repeat the procedure above to measure the voltage output across the resistor by connecting the

yellow lead at TPF2 and the brown lead at GNDF.

11. Now connect the diode in reverse bias. Repeat the procedure to measure across the diodeand

across the resistor.

12. Save the data file by clicking File — Save As. Be sure to name the data file appropriately.

Table BT-5-L.1: Data Table for Exercise 1 — Silicon Diodes

Forward and Reverse Bias — Silicon Diodes

Condition Voltage Across Diode Voltage Across Resistor

Forward Bias

Reverse Bias

Data Analysis

1. Scroll to the section of data recorded when the,“Forward, silicon” mark was made in the
recording.

2. Switch into single cursor mode; byselicking on the 1 Cursor icon on the top toolbar. The 1
Cursor icon is located directly to the left of the Preview button. Drag the red cursor so it is on
the mark.

3. Record the value displayed in the Meter dialog window in the Voltage Across Diode, Forward
Bias box of Data Table BT-5-L1:This value is also displayed at the right side of the screen, on
the channel title.

4. Repeat analysis steps 1-3 for the remaining marks.

Questions
1. Was the silicon diode conducting current during forward bias? How can you tell from your

measurements?
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2. What happened to the voltage across the resistor when the diode was reverse biased? Explain

why.

Exercise 2: Light-Emitting Diodes (LEDs)

Aim: Investigate the behavior of light-emitting diodes under forward and reverse bias uring the

voltage across the diodes.

Approximate Time: 30 minutes

Procedure

1. Replace the ON4140 diode with an LED. \@

2. Repeat the procedure from Exercise 1.

Table BT-5-L2: Data Table for Exercise 2 — LEDs A

Forward and Reverse Bias — Light-Emitting Diodes
Condition Voltage Across Diode Voltage Across Resistor
Forward Bias ﬁ
Reverse Bias
Data Analysis

1. Repeat the data anal rocedure from Exercise 1, and complete Data Table BT-5-L2.

Questions
1. What ha o the LED when it was forward biased?
2. ha d when the LED was reverse biased?
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Post-Lab Questions
1. Compare the forward voltage of the silicon diode and the LED. How were they different?
2. Describe one biomedical application for a silicon diode and one for an LED.

3. Summarize what you learned during this experiment in 2—-3 sentences.

N
{Q‘Q
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