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Transistor as switch

Goal:
In this assignment we will introduce the NPN BJT transistor. The transistor is a three terminal active device – possibly the greatest technological invention of the 20th century. For this assignment our aim is to study the DC operation of the transistor. The three terminals of the transistor are called Collector (C) Base (B) Emitter (E). Fig 1 indicates how to identify the three terminals on your transistor.Fig 1: Terminal identification of a transistor
1: Emitter
2: Base
3: Collector
Note the tab on the can













Note on limitations of transistors:
[bookmark: _GoBack]Transistors are very sensitive to the quantity of current at terminals – 
Typical maximum values of IB are ~ 100 μA and IC values are ~ 10 mA. 
 Choose your component values accordingly!

Fig 2: Circuit Setup to test DC characteristics of transistor
RB
RC
VCC
VBB
(adjustable)
LED

























Part A: Determine circuit component values
Fig 1 shows the circuit setup for today’s experiment. The constraints are:
1. VCC is set at 5V
2. VBB  is to be varied between 0 and 5V
3. IC – the current flowing into the collector has an upper limit of 10 mA
4. The maximum current that the LED can conduct is also 10 mA
5. IB – the current flowing into the base has an upper limit of 100 μA
Given these constraints, calculate the appropriate values of RB , RC such that these limits are not exceeded over the full range of adjustability of VBB.

Wire up the circuit on your breadboard, ensuring that the ‘magic smoke’ inside the transistor does not escape!

Part B) Circuit Test: transistor as switch (DC mode)
1. Start with VBE at a very small value < 0.5V
Measure and note the following values:
Voltage across RC = ______________________________________
Current through RC (based on Ohm’s law) = __________________
Voltage across RB = ______________________________________
Current through RB (based on Ohm’s law) = ___________________
Voltage across the Collector and Emitter of the transistor VCE = _______
Relative brightness/dimness of LED = _______________________

2. Gradually increase VBE until the LED lights up to full brightness.  Re-measure the above values and fill up the following matrix of measurements:
	Condition→
	LED off
	LED dim (approx.)
	LED fully bright

	Measurement↓
	
	
	

	                   IB
	
	
	

	                   IC
	
	
	

	                   VCE
	
	
	



Part C) Transistor switching as a function of frequency
From the measurements of Part B, it should be apparent that IB controls IC:  For small IB the transistor is OFF.  For large values of IB the transistor is ON. Now replace the DC supply VBB by a connection from the TTL output of the function generator. (The TTL output produces a square wave of fixed amplitude 5V with respect to 0V). 
Measure the voltages VCE and VBB as a function of time. Convince yourself (and the TA) that your measurements make sense in relation to the few measurements of the table in Part B above.
Perform the measurement with VBB set to frequencies of 1 kHz, 10 kHz and 100 kHz. 




time
time
time


1 kHz					  10 kHz			      100 kHz
State a hypothesis why the switching behavior changes drastically as a function of the frequency.
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