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Spring 2007
Lab #4:  Bipolar Junction Transistor (BJT) Tester
Introduction

The bipolar junction transistor (BJT), sometimes simply called transistor, is one of the most widely used electronic devices.  BJTs are employed as amplifying devices, control devices, and sensors, to name just a few of their uses.  They also serve as the basic building block of many kinds of integrated circuits.  Although manufacturing methods have steadily improved over the last five decades or so, there is still a surprising amount of performance variability among individual samples of specific BJT types.  Circuit design techniques have evolved to circumvent this variability, but occasionally it is necessary to measure the characteristics of individual BJTs.  In this lab you will build a simple circuit to measure one of the most important operating parameters of a BJT, its DC current gain.
Theoretical Background
BJTs come in two basic varieties, known as npn and pnp.  The name indicates the overall structure of the device.  At the most basic level a BJT is fabricated using three layers of silicon, each of which has had added to it a tiny amount of some other chemical element (such as boron, phosphorus, or antimony), which either frees up electrons in the crystal lattice or creates gaps in the lattice into and out of which electrons can jump.  The former type of modified silicon is called n‑type because of the availability of negatively charged free electrons; the latter is called p-type because of the positively charged “holes” in the lattice (a lack of an electron leaves behind a net positive charge in the lattice).  Because of various performance differences between the two types, npn BJTs are more common, and we will focus on npn BJTs in this lab exercise.

The circuit symbol for the npn BJT is shown in Figure 1 along with a basic circuit model of the device.  Of course, the BJT does not actually have a tiny 0.7-V ideal voltage source inside it, nor does it have a current-dependent current source; instead, the circuit on the right represents the behavior of the BJT under normal operating conditions.  That is, the BJT acts a lot like the circuit on the right.  Put yet another way, the circuit on the right models the behavior of the BJT.
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Figure 1.  Circuit symbol for npn BJT and a simple circuit model of the device.
The characteristic that makes the BJT such a useful device is that the current that flows into terminal C (the collector terminal) is directly proportional to the current that flows into terminal B (the base terminal); that is, IC = F IB.  This property is what makes possible the use of the BJT as an amplifier.  The parameter F is called the DC current gain of the BJT, and it typically has values in the range of 50-300.  Thus, a small base current can control a large collector current.  The terminal labeled E in Figure 1 is called the emitter terminal.  By KCL, IE = IB + IC.
Because the manufacturing tolerances of BJTs can be difficult to control, a production run of a given type of transistor might result in units with F values that vary over a fairly wide range.  As mentioned in the introduction, circuit design techniques have been developed to account for this variation; however, it is sometimes useful to know the F value for an individual transistor.  The simple circuit shown in Figure 2 can be used to measure F indirectly with reasonably good accuracy.  Appropriate values of VCC (a power supply), RB and RC are selected for the type of BJT under test, and the voltage VCE (the “collector-emitter voltage”) is measured using a voltmeter.  From the known values of VCC, RB, RC, and VCE, the value of F can be determined via circuit analysis.  Using the equivalent circuit model shown in the right-hand side of Figure 2 as a guide, a mathematical relationship between F and VCE can be derived.  In many commercial transistor testers a circuit very similar to this one is used.  However, instead of showing the value of VCE directly, the tester converts VCE to its corresponding F value and then displays the result.
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Figure 2.  BJT DC current gain tester and its equivalent circuit model.
Assignment

Complete the following tasks with your lab partner:
· Derive a formula that gives the value of F in terms of the values of VCC, RB, RC, and VCE in the circuit shown in Figure 2.  You may assume that VBE is always close to 0.7 V.  Take good notes, because you will have to provide a written description of your derivation at the end of the lab session.
· Construct the transistor tester circuit shown in Figure 2 using a power supply voltage VCC of 3 V (to simulate battery operation using 2 AA cells).  The resistor values should be 330 k for RB and 1.5 k for RC.
· Insert three different BJTs into your test circuit, measure VCE for each one, and use the formula you derived to determine the F parameter for each BJT.  Note, however, that if VCE is close to VCC or near 0.3 V or so, the accuracy of the reading could suffer.  In this case, you’ll need to change the value of RB.  (Try to figure out on your own what the new value should be.  If you get stuck, ask the instructor or TA for help.)  Demonstrate your working tester to the instructor or TA.

· Measure the F parameter for each BJT using the commercial transistor tester that will be made available to you.

· Measure the base-emitter voltage VBE for each BJT, and in each case verify that it is close to the assumed value of 0.7 V.

· Organize your measured data for each transistor into a table.  (Don’t forget the VBE data.) You may produce the table by hand or by using software.  Remember to label the columns properly and include units.  Add a column that shows the % error between the F value measured using your tester and the value measured with the commercial unit. (Use the commercial unit’s measurement as the basis for the error calculation.)  Remember to add a descriptive caption to the table.  The table’s column headings and its caption should provide enough information so that the reader can understand the source and implications of the data that are being presented.
· Write an informal description of your group’s derivation of the VCE-to-F conversion formula.  Be brief but concise, and be sure to include all important details, especially a circuit diagram with all important variables (e.g., voltages, currents, components) labeled.  The derivation should have a brief (one or two sentences each) introduction and conclusion.  A length of one to two pages for the description should be sufficient, and it does not have to be word-processed.
Grading

Only one report (derivation and data table) per lab group is required; however, each member of the group should contribute to its production. Your group’s written report is due at noon on the day following the lab session.  Each group member will receive the same grade, which will be determined as follows:

20%
Description of F formula derivation - Technical content

10%
Description of derivation - Organization and neatness

10%
Description of derivation - Spelling, grammar, and style

20%
Data table, with columns properly labeled and organized

40%
Demonstration of working transistor tester with valid conversion formula
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