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LABORATORY #1
TRANSISTOR CHARACTERISTICS

EQUIPMENT
486 computer with DAS-16 data acquisition board

"Testpoint" data acquisition software
2N5210 transistor
various resistors

INTRODUCTION

The most basic device in electronic instrumentation is the amplifier bd$ieelementof many amplifiers
is the transistor. In this laboratory you will measure the characterist&asNPN bipolar transistor. In the next
laboratory you will use it to make amplifiers. The present day, standard method for acquirstgyzugalatafor
later analysis uses a computer with an analog to digital conyafi@r that convertsthe voltagesfrom measuring
devices into digital form for storage. You will use such a systera famberof labsin this course. In this lab
you will use this system with a program that we have prepared for you to apply a sequatiegesto the base
and collectorof a transistorwhile simultaneouslymeasuringvoltagesat variouspointsin the circuit. This will
measurdhe |,V (current,voltage)characteristiof the devicewhich is fundamentato the designof any circuit
which uses it. The I,V data are used to determine the small signal h parameters of the device

SUMMARY OF THE MEASUREMENT

In this experimentyou will measurethe IV characteristicof the 2N5210 transistor. This is an NPN
device with the pins arranged sisownon theright in Fig 1(notthe samefor all transistors). In orderto do so
you will use a circuit shown on the left.
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FIGURE 1

UseR, ~1MQ andR, = 220 Q. The first measurementill require connectinga triangle function (ramp)
voltage to the collector and a staircase (step) funetittageto the base.Since R, is solargeandV,, is almost

constantthis constitutesan approximatecurrentsourcefor the base.For eachstepvalue of the basebias, the
collectorvoltagewill be sweptover mostof its operatingrangeby the triangle function. You will recordthe
voltagesbetweenpoints 1 and 2 aswell asthosebetweenpoints 2 and 3 of Figure 1 for the entire sequence
when these voltages are plotted they will provide a faofilgurvessimilar to thoseof figure 6.4 (p. 194) of the
text.

PROCEDURE
CONNECT THE CIRCUIT

The first task is to connect the circuitg@sownin figure 1. Use your protoboardfor the circuit andthen
run wires to the computer I/O (input-output) terminal board, illustrated in Figure 2. For the first measuhen
trianglefunction will be on digital to analog(D/A) output channelDAO (terminal 9) and the step function on
channelD/A channelDAL (terminal 27). The voltage acrossthe collector resistor will measurethe emitter-
collectorcurrentso that point #1 of Figure 1 shouldbe connectedo CH1 HI andpoint #2 to CH1 LO. The
emitter-collector voltage is measured between points #2 and #3 in Figure 1. Point #2 should be dorDke&e
HI and point #3 to CH2 LO as well as to PWR GND. The base current is measured by the voltagg.achos
order to obtain voltages frothe D/A outputs,D/AO0 REF IN (10) andD/A1l REF IN (26) mustbe connectedo
reference voltages. Set the negative output side (left) of your power supply to -10 V and connect it tthesd#
terminals.This will setthe rangeof the D/A outputvoltagesto swing betweenO and +10 V. Don't forget the
common ground connection for protoboard, I/O board and positive terminal of reference supply.

LL GND 19

CHOLO 18 37 CHO HI
CH1LO 17 36 CH1 HI
CH2LO 16 35 CH2 HI
CH3 LO 15 34 CH3 HI
CH4LO 14 33 CH4 HI
CH5LO 13 32 CH5 HI
CH6 LO 12 31 CHG6 HI
CH7 LO 11 30 CH7 HI
D/A OREF IN 10 29 LL GND
D/A OOUT 9 28 LL GND

-5V REF 8 27 D/A10UT
PWR GND 7 26 D/A1REF IN
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IP1 6 25 IPO/TRIG O
P2 5 24 IP1/GATE O
OP1 4 23 OPO

OP3 3 22 OoP2

CTRO OUT 2 21 CTR O CLK IN
+5 1 20 CTR20UT

FIGURE 2

USING THE SOFTWARE

The requiredstaircaseandtriangle functionsare alreadyprogrammednto a “TestPoint” file. It canbe
loadedby doubleclicking with the mouseon the icon labeledivtest3.(If you can’t find ivtest3, double click on
“TestPoint”, select “Open” from the File Menu, change directory to c:\testpt\ and double click on ivtest3heV
file loaded,usethe Mode menuto select‘Run”, not “Edit”. Begin taking databy using the mouseto click the
switch on screento “on”. If you wish to stop the programbefore completion,click the switch to the “off”
position. Three plots will be shown on the screen: the staircase applied to the base, the triangle functitm
the collector and the family ofdV g curves. Theaxis scaleswill changeduring acquisitionso asto let the data

fill the window. All transistorsare not identical; make sometrial runs, adjustingthe baseresistanceuntil the
maximum collector currentis about5 milliamperes.The 2N5210 is a high gain (h;, in the hundreds)high

frequency transistor which may oscillateyour setup.If you get erraticdatafor this reason try a small bypass
capacitor(1000pf) from collectorto ground and/orbaseto ground. Rememberthat the A/D inputs measure
voltage. The current is the voltage across a resistor divided by the resistance. You knew that, but sowi# ¢
forget. You can verify the calibration of TestPoint data by using your DMM or scope to indepenaamtly the

data taking.
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DETERMINE THE FORWARD CURRENTGAIN PARAMETERK,, AND THE OUTPUTADMITTANCE h,
You want to have hard copy of yoyrV g curves for this part ahelab. Use the print commandn the

file menu and it will appear on the laser printer. You carag&nlargedplot of the I-V curvefor betterestimates
by clicking the Inspect buttonandthe maximizebutton(upperight handcornerof the -V window). You can
also export the data to Origin as follows:
1) Select “Edit from the Mode menu.
2) Select the I-V window by clicking on it with the mouse.
3) Open Origin.
a) Select two columns in the data window.
b) Select “Paste Link” from the edit menu.
¢) Return to TestPoint.
4) Select “Run” from the Mode menu.
5) Mouse click on “on” to take data and automatically transfer to Origin. You can now process and plot tr
in Origin as you please.
From the printed plot, determine an operating point near the center of the linear range of the sadsstonate
hee andhy, in the neighborhoodf this point. Use the sameoperatingpoint to measureh. andh;, in the next

section. Use the slope of theV g curves to measurgh

MEASUREI_ VS 1; DIRECTLY
You can also measure klirectly. For this purpose you will want tampthe voltageto thebaseesistor,
measure the base and collector currents, for a frae of V.. DisconnectDAO from the collectorresistorand

connect it to the basesistor,replacingDA1. Use the secondpower supply outputto apply a constantpositive
voltageto the collectorresistor. Reconnecthe CH2HI and CH2LO input channelsso as to measurethe base
currentlg andrun the sequenceso asto plot I vs. I5. Accordingto the defining hybrid differential equations,

these measurements should be made at constar@ilce \:g is not quite constant, suggestadificationto the
circuit (andits limitations)whichwould reducethis problem. Alternatively, show thatthe slopeof the I~ vs Iz
curve is not quite equal tg.rand make a correction using.from the precedingection.Checkthe valuesof h;,
and hg determined by this method with your results in the previous paragraph.

MEASURETHE INPUT IMPEDANCE, h,,
Describe a method for measuringdnd use it to estimate this parameter at the operating point used
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