The University of Portland
Donald P. Shiley School of Engineering

EE371
Lab #2
Design Project
CE Ampilifier Frequency Response

Assigned: Wed, Feb 19, 2020
Lab Checkoffs due: Wed, Mar 18, 2020
Final Report Due: Mon, Mar 22, 2020 (in EE352 class)

Your task is to independently design, build and test a single-stage PNP Common Emitter Amplifier
circuit {CE Amp) as shown in Figure 1. (Note the external Rs resistor; please don't forget this).
Figure 2 shows the front-end 10-to-1 attenuator input circuit that you should use in this lab {similar
to Lab1). Your job is to determine all four unknown resistor component values in this circuit such
that the following specifications are met:

Am| = 125VV

we £ 2n{100Hz)

wH 2 2n(225kHz)

Ppc < 35mW

IC 20.5mA

Achieve nominal bias stability to temperature and p variation

s wN

You are required to:

1. Design a CE Amplifier circuit (i.e., determine all four unknown resistor values; see Figure 1)
which meets all the design specifications listed above using the Hand-design techniques
learned in class.

Verify your Hand-design using PSPICE simulation (AC Sweep and Bias Point Details).

Build, test and experimentally demonstrate your design in the Lab using your Lab Kit.

Record all your Hand, PSPICE and Lab values in the attached Summary Table.

Properly record all your Lab results and scratch calculations in your Lab Notebook (as usual)
following the guidefines described in Lab1.

Get your Lab circuit checked-off by the Instructor.

Each student is required to write a their own Formal Lab Report with your final Summary
Table included. Your Lab Report should follow the guidelines described in this document
and in the Lab2 Final Report Grading Rubric (see website).

S ESAYS

~No

Circuit Design:

-

For your circuit design, refer to Figure 1.

2.  You will use a 2N3906 PNP BJT transistor. A 2N3906 datasheet is attached for your
reference.

3. For Hand analysis, assume the following PNP transistor parameters: (=200, Va=lc/hoe
where hee=25pmhos, Vee.on=0.7V, V1=25mV.

4. For PSPICE simulation, use a QbreakP3 and assume the following PNP transistor
parameters: BF=200, VAF=Ic/hce, where hoe=25umhos, TF=600pS, MJC=0, MJE=0,
CJC=Cobo from datasheet, and CJE=Cino from the datasheet. Perform AC Sweep Analysis
with Bias Point Details on.

5. Perform DC Hand analysis to start your circuit design and set your four resistor values (Re,

Rc, R1, and R2). Remember to follow the “1/3-rule” and the “1/10-rule”. After this, you must

re-do your hand calculations precisely and record in your Summary Table. Verify that you

met the bias stability requirement to Temperature and p variation. Specifically, precisely re-




calculate ali DC node voltages, branch currents and Poc. Verify your DC Hand analysis in
PSPICE (Bias Points Details). Record your results in your Summary Table,

Perform small-signal AC full Frequency Response Hand and PSPICE analyses to complete
your circuit design. Calculate Am, Rin, Rout, @ @nd wv. Note that you can calculate Rin and
Rout with Hand analysis only; you cannot calculate Rin and Ron with PSPICE since you cannot
run Transfer Function Analysis on this circuit. For Hand analysis, you will need to perform
SCTC and OQCTC analyses as shown in class. Note that you first need to determine C.
(using the "Cr-equation"), Cy, gm, I, fo and fi. You will need to consult the attached 2N3906
datasheet. For PSPICE simulation, you will need to perform AC Sweep with Bias Points
Details. Record your results in your Summary Table.

Lab Experimentation:

1. Measure and record P of your 2N3906 PNP transistor using your DMM.

2. Build and test your circuit in the Lab using your Lab Kit. Use the front-end 10-to-1 attenuator
input circuit as shown in Figure 2. IMPORTANT: “Stagger” the base and collector/emitter
leads of your 2N3906 in your hoard-layout as explained in class.

3. Measure and record all DC values. As in Lab1, you should first build your circuit at home
("Manhattan" layout) and then verify all DC values. This will allow you to be much more
efficient and less stressed in the Lab where you will do the more complex AC measurements
(Am, Rin, Reut, L and wu) using the Function Generator and the Oscilloscope.

4. Determine the small-signal AC frequency values {Au, ox and o) of your circuit in the Lab
by monitoring on the scope the p-p amplitudes of veu and vin. See Figure 2 for the vin Circuit.
Specifically, first, measure and record Am by setting the function generator amplitude such
that you obtain an approximate 1V p-p amplitude at vew at 10KHz (mid-band frequency) and
then precisely measure vou using "Cursors”. Then precisely measure vin using "Cursors”.
Then calculate Au=vow/vin. Second, measure and record o =2xf. by setting veu t0 1V p-p
precisely at 10kHz using “Measure” and then adjusting the input frequency down (below
100Hz) until the amplitude of the output reaches -3dB (or 1/¥2V=0.707V) using “Measure”.
Third, similarly measure and record ay=2=fL by setting vout to 1V p-p precisely at 10kHz
using "Measure” and then adjusting the input frequency up (above 200KHz) until the
amplitude of the output again reaches -3dB (or 1/¥2V=0.707V) using "Measure".

5. Determine the small-signal AC Ry, and Row in the Lab using the technique described in the
attached sheet (similar to Lab1).

6. Enter all your Lab data in your Lab Notebook as usual.

7. Fill-in your Summary Table (attached) with all your Hand, PSPICE, and Lab values.

8. Get your lab circuit checked-off by the Instructor.

Lab Report:

1. Your Formal Lab Report should be typed, double-spaced, neat, professional, concise and
clear. It should contain the following sections:

1) Title Page

2) Executive Summary

3) Hand design and analysis discussion (refer to attachment)

4) PSPICE simulation discussion {refer to attachment)

5) Lab results discussion (refer to Summary Table)

6) Conclusions

7) Summary Table (type-writtent)

8) Attachment: Hand design and analysis (both DC and AC). Include final schematic.
9) Attachment. PSPICE simulation printouts {(annotated).

10) Attachment: Copy of your signed lab notebook “check-off” page.

2. More specifically, your Lab Report should include the following:



1}
2)

3)

5).

€)

A neat sketch of your final CE Amplifier circuit design schematic with all circuit
cormponent values clearly labeled.

Your DC hand and PSPICE analyses and Lab results. Label and circle all DC operating
point node voltages and branch currents directly on your circuit schematic. Briefly show
how you met the bias stability requirement.

Your small-signal AC Mid-Band Hand analysis and Lab results for Rin and Rou.

Your small-signal AC full Frequency Response Hand and PSPICE analyses and Lab
results for Am, w=2afi, and en=2nfu. For your Hand analysis, you will use the SCTC
and OCTC equations as shown in class. For PSPICE simulation, you should perform
AC Sweep Analysis with Bias Point Details turned on.

All PSPICE simulation printouts which verify all your Hand-design calculations above
{except for Rin and Row which cannot be done in PSPICE). You should hand-in your
PSPICE schematic, Bode Plots and an edited xxx.out file. Please labelfannotate all
your PSPICE printouts appropriately, as usual.

Your completed and type-written Summary Table with Hand, PSPICE and Lab values.
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Rix and Rout Measurements

1)  Rin Measurement:
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a) Select R'=Rin {expected).

b) Replace the Rs 1kQ resistor with your R’ as shown above. Set vs such that v2=50mV p-
p and approximately 10kHz. Accurately measure vz and record.

c) With the input source circuit (including R’) disconnected from Rin, accurately measure
the resulting open-circuit voltage of the input source circuit, v1, and record.

d) Calculate Rin as follows:

2) Rowm Measurement:
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a) Select R'=Rout (expected). Remove Ry from circuit. Return the Rs 1k resistor back in
the circuit.

b) With R’ connected to the output (i.e., in parallel with Rc), set vs such that ve=vou=0.5V p-
p with an approximate frequency of 10kHz. Accurately measure vz and record.

c) Disconnect R’ and accurately measure the resulting open-circuit output voltage, w1, and
record,

d) Calculate Row as follows:

vV, -V
—_— 1 2
Roul - R'
Va
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2N3905/2N3906 General-Purpose gnp Transistors*

MAXIMUM RATINGS
Rating Symbol Value Unit
Collector-Emitter Yoltage Veeo 40 Vde
Collector-Bese Vollage 0 Vego 40 Vde 2"3905
Emitter-Base Voltuge Vgso 5.0 Vde
Collector Currani — Continueus Tc 200 mAde 2N3906
Tols! Davice Dissipstion & Ty = 26'C Po 625 mw
Derate above 25'C 5.0 mWre CASE 28-02, STYLE 1
e . TJotst Powsr Olsslpmiion @i Ta = $0C Po___|__ 250 ___ | _mW.. . |. -———T0:92 (YOQ:228RA} — ] —— —
Totgl Davice DissipalonsG. To.m 28°C— P ke Wats
Dorate above 25°C 12 mWre GENERAL PURPOSE
Cparating snd Storage Junctlon T4 Tyg |.-5510 +160 c TRANSISTOR
Tempersiure flange
PNP SILICON
*THERMAL CHARACTERISTICS
Charactoristic Symbol Max Unit
Tharmal Resistance, Junction to Cate Rajc 833 LAY
Thermal Resistance, Junction to Amblent Aaga 200 W

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless ctharwise noted.)
[ - Charactariatio | symdel [~ min | Max | et ]
St OFF CHARAGTERISTICS )
“§ coll Emitter Braakdown Vollage(T) ViericEo 40 - Vde
lig » 1.0 mAde, Ig = 0)
Collector-Base Braskdown Vollage Vioniceo 40 - . Vde
lig = 10 wAde, Ig = 0) :
Emitter-Bate Braskdown Voltage Vignieso S0 - Vde
[Ig = 10 pAde, I = 0)
Base Cutolf Curreny It -_ 50 nAde
ﬂ = JO Vde, Vgg = 3.0 Vdel
Collector Cutolf Currant EX - 50 nAde
Vg = 30 Vde, VEE = 3.0 Vde)
ON CHARACTERISTICS(1}
OC Cutrant Galn heg -
llg » 0.1 mAde, Veg = 1.0 Vel 23905 20 =
- 2NJa08 60 -
lig = 1.0 mAde, Vog = 1.0 Vde) 13908 a0 -
2N2808 &0 _
g » 10 mAde, Vg » 1.0 Vde) 2N3905 50 150
5 M908 100 I
fig = S0 mAdc, Vgg «+ 1.0 Vdo) 2N3008 0 -
2H1308 60 -
It = 100 mAde, Yog = 1,0 Vi¢] 2NIN05 15 -
2ZNJ908 0 -—
Collector-Emitter Saturatton Voliage VeElsan Vde
i = 10 mAde. lg = 1.0 mAde) - 0.26
fic » $0 mAde. Ig » 5.0 made) = 0.4
8s18:Emitter Saturation Voltage Vaera vde
{lc = 10 mAde, Ig = 1.0 mAdc} 0.05 0.05
Hic » 50 mAde, Ig + 5.0 mAde) -— 0.95
SMALL-SIONAL CHARACTERISTICS
Cuiiant-Gain « Bandwidih Prodyct . i MH;
fig = 10 mAde, Veg + 20 Vde, § = 100 MH1) 2M3905 200 =
M908 250 -
Quipul Capacitenco Cobo - 45 pF
[VQ - 60Vde Jg - 0.0 » 100 %ks)

SMALL SIGNAL DEVICES MOTOROLA SEMICONDUCTORS




A N 1) Dt Sippae 7081

2N3805, 2N3906
i ELECTAICAL CHARACTERISTICS feontinued) T4 - 25T unlass otherwise noted.}
Charsctorlaife Symbol Min Mun Unh
’ tapul Capacitance Cibp = 10.0 pF
IVBE = 0.6 Vde. Ic » 0,1 + 100 kidr}
Input impedance . by k ohme
fic = 1.0mAde, Vg = 10 Vde, 1 1.0 kHy) 2N1905 . 08 8.0
23906 2.0 12
Vollege Fesdbact Ratly brg X 194
fig = L0 mAdc, Voe = 10 Vde, f = 1.0 kMg 2K3305 0.1 5.0
2N3%08 a1 10 .
SmallSignal Current Galn hiy —
lig » 1.0 mAde, Vo = 10 Vde, = 1.0 kHg) 2M3505 80 200
2M3508 100 400
Outpul Admittence hog smhos
e = LOmAde, Ve = 10 Vde, | « 1.0 ki . 2N3905 Lo 40
' ZN3906 3.0 60
Nolte Figure NF d9
lig = 100 wAde, Vg « 6.0 Vde, Ag = 1.0k ohm, IN2%05 -— 6.0
I = 10 Hi 10 16.7 XHy) 2N1906 - 4.0
SWITCHING CHARACTERISTICS
Oslay Tims Vee = 2.0 Vde, Vgg = 0.5 vde g -_— % ne
Rise Time I = 10 mAde, 181 » 1.0 mAde) 1 — 36— . e
r Storage-Time 2M3905 Iy — 200 ne
Vee = 3.0 Ve, Ig = 10 mAde, 2NJB08 = 25
£all Time I8t = g3 = 1.0 mAde) 2N260% 1y —_ 60 ns
2N3508 -— 75

1) Putsd Widih < 300 ps, Doty Cycle % 2,04,

*Courtesy of Molorola, used by permission.




Lab #2 Summary Table

Parameter

Hand

PSPICE

Lab

le

Ic

VE

Ve

Ve

Ir1

Ir2

VBE-ON

Poc

Am

wL=2xfL

oH=27fH

Rin

N/A

Rout

N/A

Va

N/A

B

Jm

n

lo

N/A

Cr

N/A

Cyu

N/A

fr

N/A




