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Laboratory instrumentation: quick recap

Warning: this is not the ELECTRONIC
INSTRUMENTATION course!

We will explain how to use lab instrumentation
(based on a practical approach),
but not the related theory!

For a complete reference on this refer to the
ELECTRONIC INSTRUMENTATION course

Before you enter the labs, make sure you have
passed the exams on safety and risks!!!
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The oscilloscope

4 )

An oscilloscope is an electronic test r
instrument that displays electrical

signals graphically, usually as a Y (voltage) =
voltage (vertical or Y axis) versus %
time (horizontal or X axis) as shown X (time) |®
in figure

g i
Y X (time) )

\ %

Oscilloscopes are commonly used for

measurement applications such as: An oscilloscope contains various controls that
e observing the wave shape of a signal assist in the analysis of waveforms displayed

e measuring the amplitude of a signal on a graphical grid. The grid is divided into

e measuring the frequency of a signal divisions along both the horizontal and vertical
e measuring the time between two events axes. These divisions make it easier to

e observing whether the signal is direct determine key parameters about the

current (DC) or alternating current (AC) waveform

e observing noise on a signal
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The oscilloscope

A digital oscilloscope acquires a waveform by

* conditioning the input signal in the analog vertical amplifier

* sampling the analog input signal

e converting the samples to a digital representation with an analog-to-digital
converter (ADC or A/D)

» storing the sampled digital data in its memory

* and then reconstructing the waveform for viewing on the display

/
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Figure 2: Typical Digital Oscilloscope Block Diagram
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Oscilloscope: architecture
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Oscilloscope: performance

Bandwidth

Bandwidth is the first specification to consider. Bandwidth is the frequency range of the oscilloscope,
usually measured in Megahertz (MHz). It is the frequency at which the amplitude of the displayed sine
wave is attenuated to 70.7% of the original signal amplitude.

When measuring high-frequency or fast rise-time signals, oscilloscope bandwidth is especially critical.
Without adequate bandwidth, an oscilloscope will not be able to display and measure high-frequency
changes. It is generally recommended that the oscilloscope’s bandwidth be at least 5 times the highest
frequency that needs to be measured. This “5-times rule” allows for the display of the 5" harmonic of the
signal and assures that measurement errors due to bandwidth are minimized.

. . J . ..
oscilloscope bandwidth = 5" harmonic of signal

Example: If the signal of interestis 100 MHz, the oscilloscope would need a bandwidth of 500 MHz.
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Oscilloscope: performance

Sample Rate

Digital oscilloscopes sample the input signals at a frequency called the sample rate, measured in
samples / second (S/sec). To properly reconstruct the signals, Nyquist sampling requires that the
sample rate be at least twice the highest frequency being measured. That's the theoretical minimum. In
practice, sampling at least 5 times as fast is generally desirable.

mmpie rate =z 0% f Highest

Example: The correct sample rate for a 450 MHz signal would be = 2.25 GS/sec.

Record Length

Digital oscilloscopes capture a specific number of samples or data points, known as the record length,
for each acquired waveform. The record length, measured in points or samples, divided by the sample
rate (in Samples/second) specifies the total time (in seconds) that is acquired.

record length

acquired time =
sample rate

Example: With a record length of 1 Mpoints and a sample rate of 250 MS/sec, the oscilloscope will
capture a signal 4 msec in length.
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Oscilloscope: typical control panel

Channel 1 & 2 Menu buttons Autoset

vertical adjustment knobs VARIABLE knob l button RUIR/Sigp

button

Horizontal
adjustment

Function | ) iz
buttons -'?—_Lm ution
S V\Trlgger

LCD display

LEVEL knob

| Trigger

Horizontal
Channel 1 & 2 Menu button
oUonS, TIME/DIV
Math button —

T
Channel 1 Channel 1 & 2 Channel 2
VOLTS/DIV input terminals VOLTS/DIV
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Oscilloscope: typical display

Waveform position

(horizontal)

(position of time
zero with respect

Trigger status

Acquisition

to display axis) Menu title
: *‘.‘;"ci H » |
i Coupling
Waveform | ];v‘e:t
markers Off
(vertical) Menu
(position of zero _
voltage levels with p’.‘?t;e
respect to display axis) :
Vertical settings: TBoHL EbGE FOC
Channel, -
: requenc
\Sglr_ﬁ!g/g[5|v (ofq signal us)tled
; . for triggeri
Horizontal settings: " 22"
Mode, TIME/DIV Trigger settings:
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The time/div controls

This knob will adjust the horizontal scale of the waveform,;
Look carefully at the time/DIV indicator to read the time scale!

———— T e T e X

TIMEDIV

__Trigde M _ CH2
_ Comlng

B - {
| — STEER PRI g Invert

"@CH1 EDGE JDC
0 1.01866kHz

WCHI EDGE F0C
01.81865kHz
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The horizontal adjustment controls

" HORIZONTAL This knob will adjust the position of the waveform in the horizontal
' direction.

& A small arrow at the top of the display will move to the left or right of
the central zero position and above this the current displacement
from zero is shown in appropriate units of time (circled, right).

"@CH1I EDGE JFDC
O 1.01865kHz
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VOLTS/DIV controls

These controls will adjust the vertical scale of the waveforms
on channels 1 & 2 independently.

VOLTS/DIV VOLTS/OIV
®
&
— '\s‘. In this scope, the current scale (the Volts / Division) for each
channel is shown at the bottom left of the display next to

the channel number (circled, right), irrespective of whether
the channel is being displayed or not

== - ” __w—." T e r__,—' )

G MISTEX vav 190.08us  Trigi® ™ _ CH2

Cwoing

| /\ /\ / g

3 Probe
| X 1

OCHl EDGE IDC
01.01867kHz
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Vertical adjustment controls

VERTICAL

These controls will adjust the positions of the
waveforms in the vertical direction on
channels 1 & 2 independently.

The current displacement of the waveform
from the central zero position is shown to the
lower left of the display (circled, right) each
time the position is adjusted.

vav 10.0Bus Trigd® Mm _ CHZ
B L L L s

.Couplng

N | /\ ﬂ =

\

% Prab
\/ 'xle

“T@CHI  EDGE !DC
01.081867kHz

- — e —

Trigde m __CH2

1 Invert

"@CHI EDGE J5DC
0 1.74290kHz
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Triggering

Often, when looking at signals with an oscilloscope, you're looking at a repeating signal.
Triggering allows you to horizontally align repetitions of this signal. When the oscilloscope
sees a trigger event, it knows to put a trace onto the screen horizontally aligned with the
Trigger Alignment Indicator. A trigger event happens when the voltage goes past the Trigger
Level.

You can best appreciate the trigger by moving the trigger level to a voltage that the trace
never reaches. For example, move the trigger level to -2 volts and you should see the trace
dance across the screen. Now, move the trigger level back to 0 volts for channel 1 and the
trace should stabilize.

LEVE‘L -

|

\_- -

FORCE :

l 8=100  @iedus  ©C
2 = 30nl) .
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Trigger options

Trigger source S T S g

* CH 1: triggering signal on channel one

* CH 2: triggering signal on channel two

* External: triggering off a signal that is
carried by an input to the "EXT TRIGGER"
terminal on the lower right of the
oscilloscope

* Line: triggering off the AC mains signal

2 ™= SOn)

vew e.e’aes Triqﬂ.ﬁa“ T
ﬁ Slope : the oscilloscope can be set to trigger as

the signal is rising or falling (i.e. Slope)

Coupling: whether the Coupling is to the full
signal carried by the source (DC Coupling) or
just AC portion of it (AC Coupling).
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Another screenshot (Tektronix Scope)

Telo im Trig’d I Pos: 00005 TRIGGER
+

Tyvpe

SOUrce
CH1

=lope
Rising

fide
Bt

Coupling

A 100 LS
3-0ec—10 0747
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Trigger level

__Trigd® ™ Hor.MENU

TRIGEERT Trigger Level: the trigger level is the
voltage at which the sinchronization,
- capture and display of the signal
begins
Channel selection: the Channel buttons CH1
MATH and CH2 select and deselect the waveforms
(__4 carried by inputs 1 & 2.

To display a channel that is not currently
selected you must press the appropriate
channel button. The corresponding number
will then be highlighted at the far lower left of
the display
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Coupling

Each input can be selectively AC or DC coupled. DC coupling allows both DC and AC
signals through, while AC coupling accepts only AC signals

Applied Input Resultant Output
DC Coupling
o—i|
Q» Gnd Ref §
v AC Coupling
Gnd Ref

I
J:_l—g>0—> Gnd Ref
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Issues related to coupling

(<)

1 30— DC LEVEL
} .......... B S S N
(a)
ac coupling
M N
» 4 I l
(b)
ac coupling
7Y - (with droop)
1 I..'_-- ’;_———'—_—

Consider the pulse waveform in
Figure a, shown as a DC coupled
scope would display it.

When the scope is AC coupled, the
display changes. The waveform
shifts down by about one-third of
its original zero-to-peak value
(Figure b).

The AC coupling removed the DC,
leaving a waveform whose average
value is zero. Notice that the
waveform is not centered exactly
on zero volts, since its duty cycle is
1/3.

AC coupling may also cause voltage
"droop" or "sag" in the waveform
(Figure c), due to the loss of low
frequencies
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1 MQ or 50 Q of input coupling?

The input signal can be coupled either with 1 MC2 or 50 Q2 of input impedance.

If we select 50 Q2 of input coupling, we send the input signal directly to the
oscilloscope vertical gain amplifier (maximum 5 V!!I)

By selecting 1 MQ2 coupling, the oscilloscope places a filter/amplifier in front of the
vertical gain amplifier, thus limiting the bandwidth. The benefit of such approach is
inherent protection from high input voltages (e.g. up to 200 V).

In our labs, you will always have to work with a 1 MQ coupling (so we can work with
high voltages without destroying the oscilloscope)

— $1MO. 13pF $250 VRMS: 500 25 VRMs /\—
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Oscilloscope: architecture
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Oscilloscope measurements

A digital oscilloscope can make a variety of measurements on electrical signals, such as
peak-to-peak and RMS amplitude measurements and frequency, period, and pulse width
timing measurements

(manual) measurements are made by manually aligning a pair of cursors to points on the
waveform and then reading the measurement values from the display cursor readouts.

Push the front-panel Cursor button to display the cursor menu.

Tek .M. Trig'd I Pros: 0.000s CORSOR
v Type )
Use the multipurpose controls
(knobs) to move the cursors on the
EE screen and read the related

voltage/time levels

Get confident with the oscilloscope
in the lab!!

M 25005
2-Dec—10 09:33
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The function generator (Keysight 33220A)

Microelectronics Laboratory — Collection of slides on laboratory instrumentation - 23



50 Q) output coupling

Vi P
— ,ﬁx\j . LYY {5\'
"‘x_ B ,,/ CHZ [ \En] R
N P
— (a4 O)
> /' 500 N

ST

Chassis ground

If the actual load impedance is different
than the value specified, the displayed
amplitude and offset levels will be
incorrect. The output impedance can be
adjusted (to visualize correct values), by

pressing

\

In many cases function
generators have an output
resistance of 50 QQ

This means that if youseta 1V
output, you’ll get:

e V_.=1Viftheloadis50Q

out

Gommon ground * V=2V if the load has high

High £

impedance (R =°)

For the experiments, you will
always have to use High
Impedance coupling!

SOl®

| "Range Ad just

Invert Phase DONE
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The front panel at a glance

. "

-

[ 1.800,000,0 kriz () NECRECES

noOH _ O
2

Lighted keys indicate active keys and functions (for example above).

The Primary Front Panel Features:

1 Graph Mode Key 8 Waveform Selection Keys

2 On/Off Switch 9 Manual Trigger Key (Sweep and Burst only)
3 Modulation/Sweep/Burst Keys 10 Output Enable/Disable Key

4 State Storage Menu Key 11 Knob

5 Utility Menu Key 12 Cursor Keys

6 Help Menu Key 13 Sync Connector

7 Menu Operation Softkeys 14 Output Connector
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1. Lighted keys indicate active keys or functions = for example the currently active
waveform (for example ). Most keys toggle on (lighted) or off (not lighted).

2. No signal is output unless the key is lighted

3. In Menu Mode, the six softkeys allow you to select parameters and functions as
shown in the menu at the bottom of the display. Some softkeys toggle between
related parameters. For example, the left softkey toggles between Freq and Period
below:

Output OFf

|j“W"'

Output OFf

1 @00 000 Oms [ L]

H=1/F —H|

Fr =1 [lu’r

Period =W E = E

W Anpl Dty
Period |HiLewvel LIZILE!'-.-'E!l Cycle

4. You can specify a signal by its amplitude and offset T L,

(maximum) and Lo Level (minimum) values [._ M|
[ &mpl | Dty

Period |HiLevel |LoLevel Cycle
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Quick start

2. Turn On

Fress the On/Off Switch: @:‘

The self test takes a few seconds, and then
the instrument defaulis to Menu Mode with the
sine wave function selected:

Output OFf

1.§00,000,0 kHz {4

f Znpl]
Feriod [HiLevel LolLewvel

Note: To protect your equipment, no signal
is output until the key is pressed
(lighted).

3. Select a Waveform

a ™

r/:I'{:J select a waveform, press the appropriate
key. For example, press the key to
select a square wave. Try itl

)R R )

The sqguare wave menu is displayed:

Output OfF

(7800,000,0 kHz_ LL|

| ‘BT Duty

Period |HiLevel LoLevel Cycle

4 Go to Step 4
‘. atRight

"
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Quick start

4. Change Waveform Parameters (Knob)

ste the six softkeys to select parameters. Scmeﬁ
softkeys toggle between related parameters (for
example: Freq and Period).

For example, press the Ampl softkey to select
amplitude:

|__ 100.0mV,, L]

Period |HiLevel |LoLevel Cycle

fNDw let's change the value using the knob. h

First, use the cursor keys ( ) to select
the first digit. Try itl

Output Off

|"' 100.0mV,, 'L

| B (WEES  Duty

Period |HiLevel |LoLevel Cycle

Now, use the knob to change the value (turn
clockwise to increase). Set it to 500 mVpp:

Output Off

|"‘ §00.0mV,, 1

 Freq | [ Ampl

Period |HiLevel |LoLewel Cycle
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Quick start

AN

%,
- . ’—’-ﬁT!p r'?-‘ Another Way to Set Signal Levels
Now, press Offset to select that parameter: i

You can also specify a signal by setting its
1 Hi Level (maximum) and Lo Level (minimum)
+@ 000 Vn[: ¢—...|_|—| values. (See Chapter 1 in the User’s Guide.)

Period HIL!:' rel Llan-' el

Ot EIf_f

Use the knob to set the offset to -1.1 Vde: / \
:> }:> Go to Step 5 at

B Turn left past zero for a negative value. Far Left, Belcw//
B Use the cursor keys to select digits. \~=_

) Ourtput I]Ff
| _1 IOO Vi Llj—|
[ AnpI /

Period HiLewel LllLr: rell Cwcle
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Quick start

4. Change Waveform Parameters (Knob)

’/lf_Jse the six softkeys to select parameters. Somﬁ:\‘ rrl\h:r-r.f let's change the value using the knob.
softkeys toggle between related parameters (for First, use the cursor keys ( ) to select
example: Freq and Period). the first digit. Try it!

For example, press the Ampl softkey to select Output OFf

ampituce; [ 1100.0mV,, L]

R | B (WS Duty

Output E'ff Period |HiLevel |LoLevel Cycle
M 1@0-0mVPP II—I—‘ )

| HI "I ,-[-5'.".'1]"'_ Now, use the knob to change the value (turn
e e Ao clockwise to increase). Set it to 500 mVpp:

Output OFfF

|"' 500.0mVy, L

| Freg i | MIEEE  Duty

Period |HiLevel |LoLevel Cycle
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Quick start

6. Select Graph Mode

- ~
‘/Press (left side of front panel) to select | ’/If\low let's change the duty cycle. First press
Graph Mode, which displays the waveform: the Dty Cyc softkey:

Feriod

-1.100 Vg -:I I

S00.0mYpp

Duty Cycle p— 1.500,000, 0ms ——
= 1 . 1 |:| |:| .Illin [
SO00.0mVpp

[y

— S50.0 F—
Ampl — Offset Dty Cyc

— ST
Period  Ampl  Offset

~ Note: The key toggles between Graph }:{> Use either the knob or the keypad to change )
Mode and Menu Mode. The key is lighted in the value to 35 %:

Graph mode.
Duty Cycld p— 1. e

-1.100 ¥ oC
S00.0mYep

&

Period il Z|| Offset m
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Quick start

7. Output the Waveform

F/YDIJ can view the waveform at any time on h

an oscilloscope if one is connected. Press
to activate the Output connector.
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Another (equivalent) function generator: Tek AFG3101

r——_
M AF&;“’Z’%‘C« T OENE AT

7~ WDV B
\i\ycm 500 i Q:j/

Common graund

7T

Chassis ground
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Similar control panel...

Top Menu button
Bezel menu buttons

- Function buttons

11210 0 0 0 O

)

) L

Frﬂhi.d Fmeihd-'ngl
# \. # \
{ 1 { 1

P husssss | Cialuyy
P =y

J

Shortcut buttons

[, =8 PO
' %

e — .
O O | 7 Leo Dol Numeric keypad

View button

— USB connector

Power On/Off switch

Trigger Input connector

Trigger Output connector

— Menu buttons

CH1 and CH2 Output connectors
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...and similar display/options

Message display area

WET " Cont QOutput Off Output status
freq 1000 000 000 00 mie

L B S A = = A S s =

Phase (.00¢
J:'JI'IF" .;] _I_Il_l |__| '|||'|:ll:|
i ol Offset Omv
Main display area o
(Parameter listing

or Graph) Bezel menu

A G 1)

=q 0y 1)

Level meter View tab
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How to select an output waveform?

To select an output waveform, follow these steps:

1.

To select a continuous sine waveform,

push the front-panel Sine button and
then push the Continuous button.

You can directly select one of four
standard waveforms from the
front-panel Function buttons.

To select an arbitrary waveform, push

the Arb button. See page 32 for output-

ting an arbitrary waveform.

To select other standard waveforms

such as Sin(x)/x, Noise, DC, or Gauss-

ian, push the More... button, and then
push the top bezel button.

® @

®

Sine Continuous  Modulation Sweap Burst

Y Y Y
@ O O O O
Square Frequency/Pericd  Amplitude/High
Ramp Phase | Delay Offset/Low
Pulse Duty/Width Leading/Trailing
(:) O O

- J

Utility

( )(l.)(-.) |\Halp)

Save Recall

(D()()(J
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How to set a waveform

When you turn on your instrument, the default output signal is a 1 MHz sine waveform with an amplitude of 1V ;. In the

following example, you can change the frequency and amplitude of the original output signal.

1.

Push the front-panel Default button to
display the default output signal.

. To change frequency, push the

front-panel Frequency/Period short-
cut button.

Frequency is now active. You can
change the value using the keypad and
Units bezel menu, or you can change
the value with the general purpose
knob.

. Push the Frequency/Period shortcut

button again to toggle the parameter to
Period.

Save Recall

@ @ @

@ Frequency/Period  Amplitude/High

Phase | Delay Offset/Low

“_s Cont Dutput Off

S | .U00 000 000 00 v
Phase [.00=
ampl 1000 vep

Offset 0 mby

... “_ Cont
k- Period lODD DO us

Phase [,00<

Output Off

Ampd ] .I_l |_:| |_| Vo

Offset Omy
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5. Next, change amplitude. Push the

Amplitude/High shortcut button.

. Amplitude is now active. You can
change the value using the keypad and
Units bezel menu, or you can change
the value using the general purpose
knob.

. Push the Amplitude/High shortcut
button again to toggle the parameter to
High Level.

You can change the values of Phase
and Offset in the same way.

Frequency/Period  Amplitude/High

Phase | Delay

F .
L J

Offset/Low

-

How to set a waveform

O

| “_ Cont

Period | .J00 O s
Phase (.00=

vangl  NOOE

offset Omy

Qutput Off

. Cont
1.000 00 ys
0.00 =

b Hiah

Dijtput Off
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Output on/off

Output ON/OFF

1. To enable signal output, push the
front-panel Channel Output On button.
The button is lit with an LED when it is
in the On state.

You can configure the signal with the
outputs off. This will allow you to mini-
mize the chance of sending a problem-
atic signal to a DUT.

2. (Dual-channel model only)
You can turn on or off the signal output
for channel 1 and channel 2 indepen-
dently.

You can enable one of the two channels
or enable both of the two channels at
any time.

@ % on Ch1,/Ch2 On
Qutput Output
i
L R —— — P ————
=) P | = &
Ll S =
&5 &5
o
— . e
Oe es
T Y- i
o e @
-,
) (o -
l‘i IJ k) e ampa
-« L = 1.2 ©
s ] -
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How to change load impedance?

Push the front-panel Sine > Continu-
ous button to display the Sine screen
in this example.

. Push the front-panel Top Menu
button, and then push the Outpu
Menu bezel button.

. The Output Menu is displayed.

. To set the load impedance, push Load
Impedance.

. The Load Impedance submenu is
displayed.

Sine Continuous Modulation Sweep

@ O

i

Burst

@ 6

T Hiah Limit

l

|

Cont

Low Limit - =5,000'Y

LD

CH2]

o0

Cont

Output Off
Moise Add  Off
Moise Level 0%
Inwert Off
External 4dd Off

Inwvert

Low Limit - —5.000 4

Load

S0&

Output Off
Moise 4dd  Off
Noise Level 10%
Invvert oft
External Add Off




The HP3478A Multimeter

The 3478A is a full 6 digit multimeter capable of reading signals from 0.1uV to 300V
peak. The meter is quite flexible in resolution and scaling modes, but also has a lot of
advanced features for communications and programming that we will not cover here
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Control Buttons

CAL
ENABLE(

@/’

There are two rows of function buttons located under the display. These buttons control
what is being measured and how it is measured.

The first control to note is the “cal enable” switch to the right. This should NEVER be
turned to the cal position (vertical)

The second thing to note is that some buttons are dual function. Those with dual functions
are labeled by blue lettering above the button. Pressing the blue button places the
keyboard into “shift” mode, indicated by the word ‘shift’ on the display. In this mode the
buttons perform the blue functions.
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Control Buttons

The function selections are controlled from the upper row of buttons and are as
follows (left to right)

*DC Volts

AC volts Under normal circumstances a continuous
2 wire resistance trigger (INT TRIG) will provide for a continuous
4 wire resistance update of the current value on the input
«DC amps connections.

*AC amps

Below this row is a second row of buttons. The first is the auto range switch. When
the instrument is turned on initially it will be in auto range mode. This will change the
measurement range as needed by the incoming signal
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Input connections

3 There are 5 connectors used for measurements. The middle
QA SENSE INPUT connection on the right is the normal common connection
Dbz (2 WIRE}, (LOW) for voltage and current readings. The upper connecton
r-ﬂl ' ’ on the right is the normal positive connection (HIGH) for ac
ﬁ. N and dc readings.
300VT

The lower connection on the right side is for current readings.
This is the positive connection for all mA and A readings, with
the middle (LO) connection being negative.

Resistance readings take two forms, two wire and 4 wire
(Kelvin) readings. For normal resistance readings with two
probes, use the 2 WIRE Q mode and the two upper right hand
connections. 4 WIRE Q mode and the two left hand
connections should only be used when Kelvin clips are installed.
We will only make 2Wire (normal) resistance measurements;
for a complete reference on 4Wire measurements refer to the
ELECTRONIC INSTRUMENTATION course)

Current measurements will never be done in our experiments: to avoid short-circuiting and
damage to the fuse, never connect your probes to the “A” terminal
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Typical measurements: in the lab

Ryar=10 kOhm

To oscilloscope, —— e
chanl
;rrLosz s To oscilloscope,
Connected to signal ehan2
generator Ve

RG58 cable

BNC female-female

BNC Cable

7. 4

NC Banana
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Power supplies

Variable output

Fixed outputs

GND

Fixed outputs
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Power supplies
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Another power supply

I ——
<EPCO POWER SUPPLY
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Sources

Part of the material (figures, text, ...) included in these slides originates from the following sources, which were freely
accessible on the internet at the time this presentation was created.

http://highered.mheducation.com/sites/dl/free/0073106941/443771/Lab02.ppt.
http://www.newark.com/wcsstore/ExtendedSitesCatalogAssetStore/cms/asset/images/americas/common/storefront/tekt
ronix/7136_0Oscilloscope-Basics-Guide.pdf
http://courses.cs.washington.edu/courses/cse466/07wi/labs/12/0Oscope/OscopeBasics.html
http://labs.physics.dur.ac.uk/skills/skills/oscilloscopeguide.php

http://www.ni.com/white-paper/14753/en/
https://www.conres.com/stuff/contentmgr/files/1/f3f0d9ad117866d5691256ff956de8da/download/oscilloscopefundame
ntals.pdf

http://literature.cdn.keysight.com/litweb/pdf/33220-90004.pdf
http://www3.imperial.ac.uk/pls/portallive/docs/1/7293212.PDF
http://web.mst.edu/~cottrell/ME240/Resources/Inst_manuals/HP_3478A_ Multimeter_Quick_Reference_Guide.pdf
http://www.fluke.com/fluke/uses/comunidad/Fluke-News-Plus/ArticleCategories/Oscilloscopes/ABCs-of-Portable-
Oscilloscopes-Part2.htm

http://www.eetimes.com/document.asp?doc_id=1276244

In case of issues related to authorship and/or copyright please contact the author for immediate removal
The following texts have also been used to prepare this lecture:

* R.C.Jaeger, T.N. Blalock, Microelettronica. McGraw-Hill

* A.S.Sedra, and K. C. Smith, Microelectronic Circuits. Oxford, 2009

* Thomas L. Floyd, Electronic Devices. --: Pearson Prentice Hall, 2005

* P.Horowitz and W. Hill, The art of electronics. --: Cambrdige University Press, 1989
* Neil Storey, Electronics, A system approach. --: Pearson Prentice Hall, 2006

* V. K. Mehta, Principles of Electronics
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