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Remarks: Record all your measurements and write all your answers in the boxes provided.
Never forgel Lo explain vour results and to specily the units of your measurements,

Preliminary Work

1. Oscilloscope probe

1. Probes are vital wo high-qualivy oscilloscope measurements. A probe mnkes an electrical connection
between a test point and an oscilloscope, bul it is more Uhan just a piece of wire. An ideal probe
lias Lhe following properties:

s Signal fidelity {the signal at the test point is faithfully duplicated at the oscilloscope input)
s Does not load the test paint (it does not change the value of voltage it is trying to measure)
o Immune 1o electromagnetic noise sourees in the enviromment (it shields the noise in the envi-

ronment from reaching the oscilloscope input),

Consider the equivalent circuit of an oscilloscope input composed of a resistor K, in parallel
with a capacitance Cj,. The oscilloscopes are frequently used with probes, The ascilloscope inpul
impedance connected to an oscilloscope probe can be modeled as shown in Fig. 1.
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Figure 1: An oscilloscope probe connected to the input of an oscilloscope.

The attenuation ratio of the probe is always written on the probe, as I:1 or 10:1 (sometimes
100:1). Some probes lave switches with the option of setting the attenuation ratio. Assuming that
caparitors do not exist and the oscilloscope input resistance, By,=1 M, find the value of Iy, such
that ViV, is exactly equal 10:1. Note that R, and R, lorm a voltage divider, and the attenuation

ralio is v R
L R .|| 1
V.~ (Rt By M

When the atlenuation ratin is 10:1, the probe does not perturb the voltage value under measurement
significantly, What is the total resistance, Ryyar. between the probe tip and ground?
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2. C, is the capacitance of the probe cable and is parallel to C,, (the input capacitance of the oscil-
loscope input). €, is o small compensation capacitance, usually mounted on the probe connector.
In some probes, it is an adjustable capacitor parallel to €. When C is adjusted such that
{Ce+ 'E:'-'ul + Cia) R = €, Ry, the transfer response becomes equal to that given in Eq 1. Hence,
Va/V, is independent of frequency even though eapacitors exist. Under this condition we say the
pmbi'_lﬁ compensated. The typical input eapacitance of an oscilloscope is C,,=20 pF. The varinble
capacitance shown in the figure, €, is typically about 10 pF. The probe cable capacitance Ce is
typically about 140 pF. Estimate the value of C, for the 10:1 probe when the probe is campensated.
r'-'-"hrm the probe is compensated, the effective input capacitance of the prabe, Cepy, is equal to C
in series with ©. + €, + Cn:

(O + Oy + CinlCy

Ce + Co + Ci + Gy

Sm-::: Ceps < €y and Cp is a small capacitance, the effective input capacitance of the probe is

relatively small. The capacitnnee of the probe should not lead the node under measurement. At

low frequencies, the probe does not aifeel the voltage ot the node. But at high frequencies, the
small probe capacitance may affect the measurement.

Co= f_?.‘_?,i'Dq;F‘C.” = 1':'&:‘_‘;‘11: o -
2

Cepr = {2
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2. Voltage Regulator

1. An electrolytic capacitor is a polarized enpacitor. It is composed of a metal layer immersed in n
gel, The metal layer ncts as the positive plate, and the gel electrolyte is the negative plate. The
metal surface is covered with o thin insulating oxide layer. Since the insulating layer is very thin,
a very large value of capacitance can be abtained. Search the wnternet and find the smallest and
largest valued electrolytic capacitors,

Smallest valued electrolytic capacitor = 4 P‘F Weh site= & & W Lo,
Largest valued elm::glyii: capacitor= ¢, T/M F Web site= pp PGM_;-.I' Naslaa)
| nig s dve larfevt ccalg thad T rould D ir‘_\_.'_f
[\] T
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2. A GV voltage regulator is used in the voltage regulator circuit. Voltage regulators are integrated
vircuits comprising many transistars. The regulator used has three pins: input, output, and ground.
A voltape regulator converts a voltage level at its input terminal into a clean DC voltage level
without any ripple. The supply voltage of 6V is obtained at the output of the regulator 7806, The
datasheet of 7806 is given in pages 323. In order 1o perform regulation, a voltage regulator requires
that the minimum voltage level that appears actoss its input be samewhat higher than the nominal
satput voltage. This voltage difference, Vi, is known as dropout veltage Go to page 325 to find the
dropout voltage for 7306, For cxample, if the dropout voltage is Vg, =25 V. the minimum value
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has a tolerance. For ‘Iﬁﬂlgdl;h"-' ﬂ:ﬂﬂutn maximum voltage at its input. The output voltage value
. ’ v L2 Ou " .
This does nol mean utput mllat'.'l can be between Viin and Vipar 0t roam temperabure

is fixed b that it can fluctynte between these values, but the level at which the output
5 Can H.h}"ﬂl'hl."ll! I'IELYl.'Een '-hi‘:-: limiis.

F‘ind the output current, fopnar,
I8 Lypically better thay § mV {
Vinar from the datasheet,

that ean be drawn from e regulator, while the voltage regulation
lo in the Load Regulation row of the datasheet). Find Vi and

7806: fomas= ~ i
T806: l'{dru-mq.lz -

s 'U'( Vinin = 6 ?5 Lf nar= 'E#J'j‘ll'"
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- The line voltage s a sinuscidal waveform. Tho frequency of the tine, fp, differs from country
10 country, but it is either 50 Hz or 60 Hz. For some speeific environments, there are other line
[requency standards (in aireraflt, for example, the AC power line is 400Hz).

When an AC hine voltage is specified, e, 220V, it usually meass that the line potential is
220 Vym,. Henee, the voltage on this line is of sinusoidal form with a peak amplitude of approsi-
mately (nominally) 220=2=311 V.

Il we measure an AC voltage with a multimeter, the reading is the rms value of the voltage.
The power supply in the lab provides a 12 V output voltage when the voltage knob is properly
adjusted. Tt converts 220 V rms AC line voltage to 12 V DC.

4. Study the datasheet of PTC thermistors {C910) on poge 394, Determine the rated, [y, and
switching, g, current of CO10 (PTC1). What is the on resistance Ry of these thermistors?
ltecord these figures,

I| Iv= 530 mA Is= %:;A Rv= (0.5 (]
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5.0 D1 (IN4DO1) is a silicon pn junction diede. Refer to its datashest on page 368, Find the forward
voltage drop on the dinde with one decimal digit aceuracy (x.x) if 1 A flows through it

D1 Ve (from dota :i]';Et'l, when fr=1 ."LIJ-—- A4 .0

T
L]
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Experimental Work

1. Oscilloscope probe

1 Tluarescent lamps and motors in the environment are some of the electrical noise sources. Connect
acdlem to 1o long wire to the tip of the ascilloscape probe. Do not connect the wire to anything,
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2. Touch your finger to the probe tip. Observe the oscilloscope. Bring your other ha,n'dknear ggw;;
plugs. What happened? Note that since the human body is conducting, the body pic S ':‘p e
line frequency in the environment, which is what you observe on the oscilloscope. In fact, lou g
the finger to the probe tip is a fast and practical way of determining if the probe and /or oscilloscope

are working properly.
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3. Set the attenuation ratio of your probe to 10 1ere is a switch). A DC resistance measurement
using an ohmmeter can reveal the value of Rygq. Connect the probe to the oscilloscope CH 1.
If the coupling in the Channel Menu is AC, the oscilloscope inserts a series capacitance and the
value of Rioqr can not be measured by the multimeter. Set the coupling in CH 1 to DC. Measure
the resistance between the probe tip and probe ground. Measure also the capacitance C, 75 of the
probe by using your multimeter. Do not forget to zero the reading using REL button before the
capacitance measurement. How do the values compare to the values you found in the preliminary?

Riotar= QQSM-D— Car= 0-L3InF

Comparison:

Przﬁmmgc Uamﬂwﬂj O-f%ﬂf-’, expecvatol ;s 0 130F . That Y q
skt diffrenca Thinnk . Colotnary £ i< 1OMI | almost game] wuiiths
J ! -/ 'Jeaf!a&“mq“{
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4. The attenuation ratio of the probe being used must be known by the oscilloscope, otherwise, the

ofu-lllc;smpe may show ten times false voltage values. Learn how to set the probe ratio on the
Channel Menu of the oscilloscope.

Connect the probe lip.ln PROBE COMP terminal to compensate the probe. Display the signal
on the scope. If the signal is a perfect square wave, there is no need for an adjustment. If the

square wave has corners that are higher or lower than the final level, this is because the probe is
uncompensated.

If your probe has a compenﬁation screw: Turn the screw of the variable capacitor C,. Adjust until
you get a square wave with right-angled corners. The probe is compensated.
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2. Voltage Regulator

1. Place the
Tominated
of woven liberglass cloth with

to prevent soldering

mask is absent. The exposed copper
the soldering and to prevent corrosion of t
qide. This side has an overlay (or silkscreen) layer ghowing t
TRC-11 PCB is a relatively large boar
spaces between components Lo ease the soldering. Actually, the
half the size easily with less separation between the components.
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R1) of the components.

TRC-11 PCDB on the workbench.
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@an epoxy resin
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in unwanted locations. Solder can only be

with two layers of copper foil
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binder. If the circuit 1s low density, single-sided PCBs
de is coated with a g;reewculnred solder-mask layer
done at locations where the solder

coated with a thin layer of solder to ease
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itions and designations (like
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same circuit can be fit on a board
The board can be made even
nents are surface-mount.
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Figure 2: Schematic of the voltage regulator
Designator | Comment Descriplion
C3 470 uF Electrolytic capacitor, polarized 16V
CA 100 uF Electrolytic capacitor, polarized 16V
D1 1N4001 Diode
Nz LED, 3mm green Light-Emitting-Diode
IC1 LM7806 Linear voltage regulator, 6 V
JM1 PWR2.5 Low voltage power supply connector
PTCI 'CQIﬁJ'_' Positive temperature coefficient resistor
il 22K Resistor, carbon film, axial leaded, 1/4W

Figure 3: Bill of materials for the voltage regulator

/Fin:i the VOLTAGE REGULATOR region on the FCB.
/Mmml. and scldarﬁ]l\ﬂ. 2.5 mm external adapter jncht. Power plug enters into this jack.

a*

Mount and solder PTCL.
cutter.

Trim the leads of the PTC at the other side of the PCB using a side
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Figure 4: Photos of a test point and a ground wire loop.

war 1C1). You can use the clipped

5. Solder both ends of a wire between the holes marked GND (e .
the ground connection to the

S leads of the PTC for this purpose, “You need this wire to make
oscilloscope probe.

ided in the lab) of TRC-11 to the power supply. This cable

end  The outer metal of the power plug i

. Connect the power supply cable (prov
has a power plug compatible with the TRC-11 ot one 18
negative, while the inner metal is positive. Make sure that the red cable connects 1o the positive

terminal and the black side connects to the negative terminal, Adjust the voltage to 12V Since
the power supply has two channels, make sure that you are using the correct chanuel to adjust the
voltage, Turn on the power supply. Measure the voltage at the power plug using your multimeter.
> Insert the power plug inte TRC-11 power jack. Measure the voltage between TP3 and GND. Turn
.
off the power supply.

= 1204/

Vrp
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" Sel the multimeter in “diode test” mode. /6uuucct the multimeter leads across the INA001 diode.
In this mode, the multimeter applies a current (about 1 mA) through the diode and measures the
voltage across it. When the diode is reverse binsed, the multimeter displays “OL", indicating an

upen-cimuit./(’ﬂmu the diode is forward binsed, the multimeter shows the voltage across the diode.

This diode is used to protect TRC-11 in case a reverse voltage is applied to the power adapter jack.
With a reverse voltage, it conducts and PTC heats up, and goes into a high impedance state Lo
protect the circuit and the diode. Mount and solder D1,

D1: ¥ (from measurement in forward direction, red lend on anode) = 0.531 v
D1: Ve (from measurement in reverse direction, red lead on cathode) = D ( lJL.']

[2.9. GRADE: JJ.___'J[
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voltage Anstall 1C1 (TR06)And bend it so that its metal backside touches the PCB. Align the hole
of 1C1 with the hole on the PCR, Use the serew and nut through the holes to secure the ICl in
place, Mo capper region under the |'LIH'|_|]HLEFT‘|E[5 likﬂTﬁfﬂ'f sink. A heat sink has a large area
which allows rudintion of dissipated power inte the air. Solder its leads. 7806 is o +6V voltage
regulator. Its output voltage should remain ol a constant +6V Mﬁﬂ miay
i s

1. Electrolytic capacitors are large value capacitors with a polarity. They contain a liquid electrolyte
i their ease. The negative in is usually marked with n white bar on the capacitor case. Measure
the capacitane Zalue using your um]umum-,/cl'jm.mq_ the red (positive) lead of the multimeter
to the positive Terfmmal of the capacitor and’ the black {negative) lead of the multimeter to the
negative terminal of the capacitor, You may have to wait up to a minute for large value copacitors

for display Lo settle. A the value of the capacitor is larger than the maximum capacitance value
that your multimeter ean measure, you will see 0L on the sereen.

e voltige regalaton w;:nﬁm-ﬂ +G V necessary for the operation of TRC-11 using +12 V inpul

Il the electrolyte of Lhe capacitor dries up due to long-time exposure to high temperature, the

capacitor loses its value, and it should be replaced.” Repeat the capacitance measurement procedure
for the smaller clectralylic capacitor C4./

Install C3 {watch the polarity) and C4 (watch the polarity) on the PCB and solder them, Both
capacitors are needed for a proper operation of the voltage regulator. Turn on the 12 V power
supply. Measure and record the output m]lagof;’ 'n_ngP-'l'.;..\.'jlh two-decimal digit accuracy: x.xox.
Change the power supply voltage to +9 V. Meam.?:c thevoltage at TP4. Change the power supply
voltage Lo +14 V. Measure the voltage at TP4, Change the power supply voltage to +12 V. Turn
off the power supply. -

U e

TP4 (supply ot +12V): V,= g 0,6*';1__\‘(
TP4 (supply at +3V): V,= 6 OB2 v/

TP4 (supply at +14V): V= é b3 v
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12. Read the color code of R1. Referring Lo the color-code table on page 31 determine the nominal
resistance value, Measure the resistance value using the multimeter. Record the values. Mount
and solder the resistance R1.

R1: Colors; th . ﬂ?fj . Ea.) (5ol
Rl: R{nominal)= 2 b N—

R1: R{measured)= 7, QG.L | -
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13. We would like 1o investigate the electrieal difference between a green and a red LED. Inspect the
red light-emitting-diode (LED),( l@ Install the diode D70 in place of D2. Its longer lead is its

*Dried up olectrolvtic capacitors are a common reason of the faifure of many annlog circuits.

et
(ﬁ- 8 G 9 /
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C= 777,9 pF o= 464 F P s

()



15.

between TPS

positive terminal. Do not solder it. Turn on the power supply. Measure the valtage .
he red LED

and GND using DC-V seale of the multimeter. Turn off the power supply. Remove |
alter measurement.,

Inspect the 3mm green light-cmitting-diode (LED), D2, Its longer lead is its positive beiuiaal
Solder the diode D2 in its place.

Turn on the power supply. Measure the voltage between TPS and GND, Is it different than the

red LED? Different colored LED's have different voltage drops.

D70(red LED): Vi (measured)= | 503\

D2(green LED): Ve(measured)= |, + 16\

16G.
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i ' ighest
Connect the multimeter between TP4 and GND as an ammeler (not mhnmtcz} al }tht:'_ :b!i:ﬂst
scale (should be larger than 2 A) o find the short-cireuit current. foport. value. Note timtom

multimeters, you need to change the position of the positive test jead. Record the current after it
reached the steady-state.

TP4 to GND (Initially): Lore= 7 0b A

TP4 to GND (Steady-state): L= (- 25

17.
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e multimeter between TP4 and GND as n voltmeter.

Remove the ammeter leads and connect tl
ive Lest lead. Record the supply voltage.

Do not forget to change the position of the posit

TP4: V,= . D6k V4

[2.17. GRADE: ]

CIHECK POINT:
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