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Objective:

ToStudy NPN ransistor 1 curves by:
+ Simulating  transisto o nvestigat th collector urrent versus the collector-to-emiter voltage.
+ Implementing a circut and aking measurements ofth I vs. i cuves.

Materials:
1. Laboratory setup, including breadboard
2 1NPN transstor (e, 2N2222)
3. Several wires and resistos of varying sizes

Part 1:Simulation:
Consider the crcuit shown below.

Enter the ciruit nto your simulator’ schematic editor,applying DC votage suppliestothe base and to the colector of the
Tovs. Vs
- While seting i to 3 constantvalue of 51/, sweep the base vltage from 0V to .8V in increments of .1V. Plotacurve|
Of I vs. Vi and place the plot in your Lab writeup.
« Atwhat valueof Vi does current begin to conduct?
* What are the values of £ and I when Vis: = 0.7V7
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« Based o these numbers, whatis your estimate of 37
Tovs.Vor
« For three values of Vi (0.61,0.7 V,and 0.8 V), sweep thecollector voltage from 0V 102V increments of 0.1 . Pl the
curves for I v. Vi; using a graphing program indicatin the value o Vi next o each curve.
+ What observations can be made sbout the curves?

Part 2:Measurements:
‘Assemble the circuit fom the figure above, using a power supply o generate the DC voltages.
Tevs. Vi
« Whileseting Vo o 2 constant of 5 V sweep the base vltage from OV to 08V inincremens of 01V, and measure the
collctor curren using the power supply. (Note that o all power supplis allow you to accurately measure current. If
this i the casefor your lab setup, you place a small resistor in series with the collctor and measure the voltage drop
across the resistor)
+ Plota curve of [ vs Vi
« Atwhat valueof Vi does the current urn on?
+ Using 2 smallresistorplaced n series with the base and collector terminals measure [ and I for Vs = 0.7V
+ Based on these numbers, whatis your 57

Tovs.Vor
« For three vluesof V. (0.6, 07 V,and 08 V), sweep the V. from 0V to 1V in increments of 0.1 V, and measure the
collctor current using the power supply.
« Plotthe curvesfor I vs. Vo using a graphing program and clearly indicatng the value of Vs s next 0 each curve.

Part 3:Post-Measurement Exercise:
Simulation vs. Measurement
+ Whatarethe main diferences between your simulated and measured curves? Can you explan the diferences?

Early voltage, Vs
+ Based on your simulated - vs. Vi curvesfor an ativ transistor,extractthe Eary voltage V.
+ DoV, change significantlyforeach value of V7
+ Whatisthe average value of Vs
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Part 4:Design and Simulation

Consider the circuit shown below.
v v.
R Re
R, Re

v.

Design the crcuit such that [ = 1mA, Vi = 0,and Vo =
variatons from transistor o transisor, you may assume a value 100 for 3 i your calculations. Also assume that Vi
Inyour lab writeup,perform the folloeing.
Hand Calculations
« Whatare 1 and 12 Based on these numbers,what is
+ Younow have enough nformation o calculate Re:and . Arethe calulated values available n your ki? Can you achieve
these values by combining severalresistors? Comment.
« Derivethe Thevenin equivalentf £, and R, . What valuesof R, and  do you need o useto achieve = V? Remember
that I # 0. 1s the problem completely specified? If not, what needs tobe speciied?

5V. Usesupples of V. = —V, = 15V. Although there will be
v

Simulations
+ Simulate your circuit using values of 2z, e, B and Ry based onyou r calculations.
« Reportthe values of V, Vz, Vi, I, I, an . How closely do hey match your calculaions? (Remermber: The simulator
s it own, more complex model o th real ransistor 5o there should be some smal variatons.)

Prototyping and Measurement
+ Assemble the circuitonto 3 breadboard
+ Using. digital multimeter, measure Vs, Vo, and V.
+ Using a digital multimeter, measure al rsistors to thee signfcant digits.

PostMeasurement Exercise:

+ Wht are the measured values of Vi nd Vo2 Howw do they compareto your pre-lb caculations? Explain any discrep-

« Based o the measured values of - and Vs and your measured resisto values, wht arethe measured values of [, I
and 1 based on your lab measurements?

Part 5:NPN in Saturation Mode:

Redesign the ciruitn the figure above such that [c-= 1 mA. [ = 12 mA. V= +2 V.and Vs = 02 V. Use suppliesof V. =
_V_= 15 V. Note that you must use the saturation model.
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Hand Calculations
+ Based on the specfcations, calulate Vi nd V.
« You now have enough nformation o calculate R and Ry Acethe caculated values available in your kit? Can you chieve
this value by combining several reistors? Comment.
- Whtis 5/0ees?
+ What values of 2, and R, do you need touse? s the problem completely specified?

Simulation
+ Simulate your circutusing vaue of Ry, R, B, and Ry based on your alculations.
+ Reportthe values o Vs, V, Vi, s, I, and I How closely do they match your calculatons?

Part 6:Post-Measurement Exercise:

Prototyping and Measurement
+ Assembl the circuit onto 3 breadboard
« Using your volt multimeter, measure V., Ve, and V- Report them i your lab witeup.
+ Using  digital multimeter, measure al resistors o thee signfcant digits.

PostMeasurement Exercise:

- Wht are the measured values of Vi ! Vo2 Howr do they compareto your pre-lb caculations? Explain any disrep-

« Based on the measured voltages and resistor values, wht are the measured values of I, I and 1 based on your lab
measurements? Whtis 5.rc.s?








