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scilloscopio: Caratteristiche e uso

Politecnico di M
ilano, 1 Dicem

bre 2020, Luigi Soffientini

Tektronix founders, 
Jack M

urdock and 
How

ard Vollum
, 

w
ith an oscilloscope 

from
 the 1950s.



W
hat is an oscilloscope?

�
O

scilloscopes convert electrical input signals into a visible trace on a screen -i.e. they 
convert electricity into light.

�
O

scilloscopes dynam
ically graph

tim
e-varying electrical signals in tw

o dim
ensions 

(typically voltage vs. tim
e).

�
O

scilloscopes are used by engineers and technicians to test, verify, and debug electronic 
designs. 

�
O

scilloscopes w
ill be the prim

ary instrum
ent that you w

ill use in your EE/Physics labs to 
test assigned experim

ents. 



Term
s of Endearm

ent (w
hat they 

are called)

•
Scope

–
M

ost com
m

only used term
inology

•
DSO

–
Digital Storage O

scilloscope

•
ART –

Analog Real Tim
e.

•
CRO

–
Cathode Ray O

scilloscope (pronounced “crow
”). Even though m

ost scopes no longer 
utilize cathode ray tubes to display w

aveform
s, Aussies and Kiw

is still affectionately refer to 
them

 as their CRO
s.

•
M

SO
–

M
ixed Signal O

scilloscope (includes logic analyzer channels of acquisition)



“Banner”Specificationsto
Consider

¾
Bandw

idth
¾

Sam
ple

Rate
¾

M
em

oryDepth
¾

N
um

ber ofChannels
¾

W
aveform

 U
pdateRate

O
therIm

portantFactorsto
Consider

¾
Triggering

¾
Serial BusApplications

¾
M

easurem
ents &

Analysis
¾

Connectivity &
Docum

entation
¾

Probing

10 Keys on H
ow

to  
Select Your Scope



O
scilloscope Theory of O

peration

D
igital Storage O

scilloscope B
lock 

D
iagram

Yellow
 = C

hannel-specific blocks
B

lue = System
 blocks (supports all channels)



“S
elect a scope w

ith 5x the 
bandw

idth of your  fastest digital 
clock

signal.”

¾
100 M

H
z clock? U

se a 500 M
H

z
scope.

¾
This w

ill capture the 5
th 

harm
onic of the

square w
ave for better signal

visualization
.

Q
U

IC
K

R
U

L
E

O
F

T
H

U
M

B

Key
#1 -Bandw

idth

2
nd H

arm
onic

4
thH

arm
onic5

thH
arm

onic

3rd
H

arm
onic

FR
E

Q
U

E
N

C
Y

AMPLITUDE

FR
E

Q
U

E
N

C
Y

D
O

M
A

IN
Fundam

entalT
IM

E
D

O
M

A
IN

T
IM

E

AMPLITUDE

54321



Key
#1 -Bandw

idth

R
esponse using a 100-M

H
z B

W
scope

R
esponse using a 500-M

H
z B

W
scope

W
hat does a 100-M

H
z clock signal really looklike?



�
At the 3dB

 bandw
idth frequency, the vertical am

plitude errorw
ill be 

approxim
ately 30%

.
�

Vertical am
plitude errorspecification is typically 3%

 m
axim

um
 for the 

oscilloscope.

70.7 (-3 dB
)

0.1
0.2

0.3
0.4

0.5
0.6

0.8
0.9

1.0
0.7

100
97.5
9592.5
9087.5
8582.5
8077.5
7572.5

tris
e 0.35*

B
W

 =

}
3%

Key #1 -Bandw
idth



C
A

L
C

U
L

A
T

IN
G

W
H

A
T

Y
O

U
R

E
A

L
LY

N
E

E
D

Key
#1 -Bandw

idth

Step #1: D
eterm

ine fastest rise/fall tim
es of D

U
T.  

Step #2: D
eterm

ine highest signal frequencycontent
(fK

nee )¾
fK

nee = 0.5/R
T (10%

 -
90%

)
¾

fK
nee = 0.4/R

T (20%
 -

80%
)

Step #3: D
eterm

ine required m
easurem

entaccuracy.

Step #4: C
alculate required

bandw
idth.

Accuracy
G

aussian
R

esponse
M

axim
ally-flat

R
esponse

20%
B

W
 = 1.0 X

fK
nee

B
W

 = 1.0 X
fK

nee

10%
B

W
 = 1.3 X

fK
nee

B
W

 = 1.2 X
fK

nee

3%
B

W
 = 1.9 X

fK
nee

B
W

 = 1.4 X
fK

nee

S
ource: D

r. H
ow

ard W
.Johnson, “H

igh-speed D
igital D

esign –
A

 H
andbook of B

lack M
agic”

Frequency

-3dB

Attenuation 0dB

B
W

M
axim

ally-flatR
esponse

G
aussian

R
esponse

Scope sw
ept 

response
m

easurem
ent



Exam
ple:

W
e w

ish to m
easure a D

U
T w

ith 1 ns 10-90%
 rise

tim
es.

¾
1 ns = 1x10

-9s
¾

fknee = (0.5/1x10
-9 s) = 5x10

-8 H
z = 500

M
H

z
¾

3%
 A

ccuracy: B
W

 = 1.9 x 500 M
H

z = 950
M

H
z

¾
10%

 A
ccuracy: B

W
 = 1.3 x 500 M

H
z = 650

M
H

z
¾

20%
 A

ccuracy: B
W

 = 1.0 x 500 M
H

z = 500
M

H
z

C
A

L
C

U
L

A
T

IN
G

W
H

A
T

Y
O

U
R

E
A

L
LY

N
E

E
D

Key
#1 -Bandw

idth

S
ource:D

r.H
ow

ard
W

.Johnson,“H
igh-speed

D
igitalD

esign
–

A
H

andbook
ofB

lack
M

agic”

-



Key
#2 –

Sam
ple

Rate

The truth lies som
ew

here in
betw

een!

H
O

W
M

U
C

H
S

A
M

P
L

E
R

A
T

E
IS

R
E

Q
U

IR
E

D
?

Professor Sm
art has total trust in D

r. N
yquist and

says:

“2X over the scope’s
bandw

idth.”

Professor W
ise doesn’t trust D

r. N
yquist and

says:

“10X to 20X over the scope’s
bandw

idth.”



Nyquist’s sam
pling theorem

 states 
that for a  band-lim

ited signal 
with m

axim
um

 frequency  fm
ax ,the

equallyspaced
sam

pling
frequencyfs  m

ust be greater than 
tw

ice of the m
axim

um
  frequency 

fm
ax , in order to have the signal be  

uniquely reconstructed w
ithout 

aliasing. This  is som
etim

es called 
the N

yquist frequency  (F
N ) or the 

N
yquist sam

pling frequency(fs ).

N
Y

Q
U

IS
T

’S
S

A
M

P
L

IN
G

T
H

E
O

R
E

M

Key
#2 –

Sam
ple

Rate

𝐹𝐹
𝑁𝑁

=
𝑓𝑓𝑠𝑠 =

2𝑓𝑓
𝑚𝑚

𝑎𝑎𝑥𝑥



1 0 0  M
H

Z
C

L
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C
K

W
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H
1

N
S

1
0

-9
0

%
E D

G
E

S
P

E
E

D
S

Key
#2 –

Sam
ple

Rate

1 G
Sa/s 

(fscope = fknee *2 =
fN )

2
G

Sa/s
(fscope = fknee * 4 =2fN )

4
G

Sa/s
(fscope = fknee * 8 =4fN )

R
EC

ALL: 1 ns 10-90%
 rise tim

es 500 M
H

z 



M
E

M
O

R
Y

S IZ
E

A
N

D
A

R
C

H
IT

E
C

T
U

R
E

IS
IM

P
O

R
TA

N
T

Key
#3 –

M
em

oryDepth

M
ore m

em
ory m

eans m
ore tim

e can be show
n on screen using m

axim
um

 sam
ple

rate.
B

ut, m
ore m

em
ory adds cost, slow

s dow
n the responsiveness of the scope, and adds

com
plexity.



Step #1: Determ
ine required m

axim
um

 sam
ple

rate.¾
U

se previous Keys #1 and #2 to
calculate

Step #2: Determ
ine longest tim

e period you 
need to

capture

¾
Generally based on slow

est signals /
packets

Step #3: Determ
ine m

em
ory needed using this

equation:

C
A

L
C

U
L

A
T

IN
G

W
H

A
T

Y
O

U
N

E
E

D

Key
#3 –

M
em

oryDepth

𝑀𝑀
𝑒𝑒𝑚𝑚

𝑜𝑜𝑟𝑟𝑦𝑦
𝐷𝐷

𝑒𝑒𝑝𝑝𝑡𝑡ℎ
𝑆𝑆𝑎𝑎

=
 𝑆𝑆𝑎𝑎𝑚𝑚

𝑝𝑝𝑙𝑙𝑒𝑒
𝑅𝑅𝑎𝑎𝑡𝑡𝑒𝑒

𝑆𝑆𝑎𝑎𝑠𝑠
∗ 𝑇𝑇𝑖𝑖𝑚𝑚

𝑒𝑒
(𝑠𝑠)



Exam
ple:

W
e w

ish to m
easure 1 m

s at 2
G

Sa/s
¾

Required Sam
ple

Rate

¾
Longest Tim

e
Span

¾
Required M

em
ory

Depth

= 2
G

Sa/s

= 1
m

s

= (2 x 10
9  Sa/s) x (1 x 10

-3s)

= 2 x 10
6 Sa = 2 M

Sa
(M

pts)

C
A

L
C

U
L

A
T

IN
G

W
H

A
T

Y
O

U
N

E
E

D

Key
#3 –

M
em

oryDepth



800
µs

400
µs

Key
#3 -M

em
oryDepth

S
H

O
R

T
F

A
L

L
O

F
A

T
R

A
D

IT
IO

N
A

L
D

 E
E

P
M

E
M

O
R

Y
A

C
Q

U
IS

IT
IO

N

𝑀𝑀
𝑒𝑒𝑚𝑚

𝑜𝑜𝑟𝑟𝑦𝑦
𝐷𝐷

𝑒𝑒𝑝𝑝𝑡𝑡ℎ
𝑆𝑆𝑎𝑎

=
 𝑆𝑆𝑎𝑎𝑚𝑚

𝑝𝑝𝑙𝑙𝑒𝑒
𝑅𝑅𝑎𝑎𝑡𝑡𝑒𝑒

𝑆𝑆𝑎𝑎𝑠𝑠
∗ 𝑇𝑇𝑖𝑖𝑚𝑚

𝑒𝑒
(𝑠𝑠)

𝑇𝑇𝑖𝑖𝑚𝑚
𝑒𝑒

(𝑠𝑠) =
 𝑀𝑀

𝑒𝑒𝑚𝑚
𝑜𝑜𝑟𝑟𝑦𝑦

𝐷𝐷
𝑒𝑒𝑝𝑝𝑡𝑡ℎ

𝑆𝑆𝑎𝑎
÷

𝑆𝑆𝑎𝑎𝑚𝑚
𝑝𝑝𝑙𝑙𝑒𝑒

𝑅𝑅𝑎𝑎𝑡𝑡𝑒𝑒

𝑆𝑆𝑎𝑎𝑠𝑠



#1
#2

#3
#4

#5
#6

#7
#1000

Selectively captures m
ore w

aveform
 data w

ith precise tim
e-stam

ps for each
segm

ent

Equivalent M
em

ory = Tim
e-span x Sam

ple R
ate  

2 G
Sa = 400 m

s x 5
G

Sa/s

#8 …
…

...

Segm
ent#1000  

@
 t = 400

m
s

…
.…

.......1 .000
1

2
3

4

Key
#3 -M

em
oryDepth

S
E

G
M

E
N

T
E

D
M

E
M

O
R

Y
A

C
Q

U
IS

IT
IO

N

400 m
s



W
H

A
T

A
R

E
T

H
E

O
P

T
IO

N
S

?

Key
#4 -N

um
ber ofChannels

¾
DSO

sw
ith

2
or4

channelsare
com

m
on

¾
DSO

sw
ith

>4
channelsare

lesscom
m

on
and

expensive

¾
M

any of today’s com
plex digital system

s require  

m
easurem

entson
m

ore
than

4
channels

sim
ultaneously.

¾
Solution: M

ixed Signal O
scilloscope(M

SO
)



¾
Addsup

to
16

extra
channelsthat  are 
m

easured w
ith one bit of  

resolution (1 or0)

¾
Perfect for serial or
parallellogic buses, 
w

here using analog  
channels m

ay be
overkill

¾
Triggering on digital 
channelsisa huge

benefit

W
H

A
T

IS
A

N
M

S
O

?

Key
#4 –

N
um

ber ofChannels



You Cannot See W
hat O

ccurs During
Acquisition/Sw

eep H
oldoffTim

e

•
For any scope, there is alw

ays holdoff tim
e during a display 

update cycle w
hen the signal cannot be acquired.

•
The probability of seeing the low

 rep-rate anom
aly that occurs on 

the m
easured signal decreases as this holdoff tim

e increases.

•
You w

ill not know
 this probability by sim

ply looking at the display 
update.

Probability                    A
cquisition (Sw

eep) Tim
e

of C
apture    

Acquisition (Sw
eep) Tim

e + System
 (Sw

eep) H
oldoff Tim

e
=

Key #5 –
W

aveform
 U

pdate
Rate



H
O

W
O

F
T

E
N

C
A

N
T

H
E

O
S

C
IL

L
O

S
C

O
P

E
S H

O
W

M
E

W
AV

E
F

O
R

M
S

?

Key
#5 –

W
aveform

 U
pdate

Rate

Im
proves scope display

quality
Im

proves scope probability
of  

capturing infrequentevents



Key
#5 –

W
aveform

 U
pdate

Rate

S
cope w

ith slow
erupdate rate

V
ISU

A
LIZ

IN
G

T
H

E
D

IF
F

E
R

E
N

C
Eaterate

Long Dead Tim
e = Decreases the chance of capturing rare

events

Scope w
ith a faster updaterate

Short Dead Tim
e = Increases the chance of capturing rare

events



•
A

slow
erupdate

rate
m

eans
you

m
ay

m
issim

portant,fastm
oving,and

rare
eventson

a
signalthat  

are very im
portant tosee.

•
Each

acquisition
islike

a
rollofthe

dice
–

the
fasteryou

rollthe
dice,the

fasteryou
can

getall
possible

outcom
es!

W
H

A
T

H
A

P
P

E
N

S
IF

M
Y

U
P

D
A

T
E

R
A

T
E

IS
T

O
O

S
L

O
W

?

Key
#5 –

W
aveform

 U
pdate

Rate

N
o G

litchesCaptured
G

litches
Captured



¾
ASIC‘sis the  essentials of an 
oscilloscope m

ultiple chips

¾
M

em
ory, sam

ple rate are 
autom

atically  optim
ized based on

tim
ebase

¾
W

aveform
 update rate m

axim
ized 

w
ith  1us rearm

 tim
e thanks to ASIC

m
anaging  trigger, m

em
ory, and 

display all at once  w
ith no

com
prom

ise

¾
CPU

 only used for functions that
aren’t  speed critical (e.g. m

ath
functions)

S
C

O
P

E
A

R
C

H
IT

E
C

T
U

R
E

M
A

T
T

E
R

S

Key
#5 –

W
aveform

 U
pdate

Rate



Triggering
is

often
the

leastunderstood
function

ofa
scope,

butis
one

ofthe
m

ostim
portantcapabilities

thatyou
should

understand.

¾
Think ofoscilloscope“triggering”as  
“synchronized picturetaking”.

¾
O

ne
w

aveform
“picture”consistsofm

anyconsecutive  
digitized

sam
ples.

¾
“Picture

Taking”m
ustbe

synchronized
to

a
unique

point  on the 
w

aveform
 thatrepeats.

¾
M

ost com
m

on oscilloscope triggering is based on  
synchronizingacquisitions(picture

taking)on
a

rising
or  falling

edge
ofa

signalata
specificvoltage

level.

H
O

W
IM

P
O

R
TA

N
T

IS
T

R
IG

G
E

R
IN

G
?

Key
#6 –

Advanced
Triggering

A photo finish horse race
is  

analogous to oscilloscope  
triggering



B
A

S
IC

R
IS

IN
G

E D
G

E
T

R
IG

G
E

R
(D

E
F

A
U

LT
)

Key
#6 –

Advanced
Triggering

TriggerPoint

TriggerPoint

U
ntriggered /Auto-Trigger

(unsynchronized picturetaking)

R
ising edge @

 0.0
V

R
ising edge @

 +785
m

V

Triggerlevelsetabove
w

aveform



U
S

IN
G

A
N

A
D

V
A

N
C

E
D

T
R

IG
G

E
R

T
O

IS
O

L
A

T
E

A
G

L
IT

C
H

Key
#6 –

Advanced
Triggering

M
in & M

ax R
ise Tim

es
M

easured

R
ise/Fall Tim

e Trigger “H
elp”Screen

Violation Isolated (~7
steps)



I2C
  

S
P

I  
R

S
232/U

A
R

T
C

A
N

  
LIN
I2S

…
 A

nd
M

ore!

W
H

Y
D

O
Y

O
U

N
E E

D
IT

Key
#7 –

Serial BusApplications

Serial buses are used pervasively in m
ost  of 

today’s designs to
com

m
unicate:

¾
Betw

een functionalblocks
¾

Chip to
chip

¾
Board to

IO
¾

Rem
ote sensor to control



S
Y

M
B

O
L

IC
D

E
C

O
D

E
O

F
T

H
E

C
A

N
B

U
S

Key
#7 –

Serial BusApplications

Protocol D
ecode  

Lister/EventTable

Tim
e-aligned  

D
ecodeTrace



Here are som
e functions m

ost oscilloscopes 
have:

¾
Tim

e &
 Voltage

Cursors

¾
Param

etric
M

easurem
ents

¾
W

aveform
M

ath

Here are som
e that are m

ore
uncom

m
on:

¾
W

aveGen function
generator

¾
Frequency Fourier trasform

¾
Digital voltm

eter /
counter

¾
Pow

er supplyanalysis

¾
Pass/fail m

ask
testing

T
U

R
N

IN
G

A
N

O
S

C
IL

L
O

S
C

O
P

E
IN

T
O

A
M

U
LT

IT
O

O
L

Key
#8 –

M
easurem

ents &
Analysis



•
USB and LAN connectivity is the industry 
standard  for connecting instrum

ents to PCs for 
extended

data  analysis

•
LabView

, M
atlab

or other sim
ilar softw

are 
applications  can coordinate an entire bench 
of equipm

entfrom
  one

interface

•
Controlling equipm

ent rem
otely can be huge 

for  those w
ho w

ork rem
otely, or have sites

w
orldw

ide

W
H

A
T

U
S

E
IS

A
L

L
T H

IS
D

A
TA

IF
I

C
A

N
’T

S
H

A
R

E
I T?

Key
#9 –

Connectivity and
Docum

entation



S
E

L
E

C
T
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G

T
H

E
R
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T
P

R
O

B
E

F
O

R
Y

O
U

R
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S
T

N
E

E
D

S

Key
#10 –

Probing

Scope m
easurem

ents are
only

as good as the w
hatthe

probe can deliver to the
scope’s

inputs.

Types of O
scilloscope

Probes:
¾

Passive
probes

¾
High frequency active
probes

¾
Differential active

probes
¾

High voltage
probes

¾
Currentprobes

Passive

•Low
cost,

rugged
design

•Variety
of

accessories
•U

p to 1.5GHz

Single-ended  
Active

•U
p

to
4

GHz
•H

igh
Input

R
&

low
inputC

for
low

loading
•N

7020A
pow

er  
rail probe for  
PARD
m

easurem
ent

•For  high
speed

, ground  
referenced  
signal
m

easurem
ents

High-voltage
D

ifferential

•U
p to 800

M
Hz

•U
p to 7

kV
•Ideal forpow

er
m

easurem
ents

•H
igh

com
m

on
m

ode
rejection

Active Probe

•1.5-6G
H

z
•M

aking diff,SE
and

CM
m

easurem
ents

w
ith a

single
probe

•M
ulti-function

scope
control

•Includessolder-
in, brow

ser and  
socketed

Keys

Active
D

iff
Probe

•U
p to 30

GHz
•Probe

am
p/

head
topology

•Variety of  
connections

–
brow

ser,
solder-in,
socketed, SM

A,  
ZIF Key,
Q

uickKey

AC/D
CCurrent  

Probes

•New
high

sensitivity–50
uA

•DC to
100M

H
z

•50uA to 500A

Accessories

InfiniiM
ax

probe
heads

and
accessories

•Com
pliance

testfixtures
•TekProbe

®
adapter

•BGA probe  
adapters

•Probe
positioners

•W
edge

adapters
•etc



•
System

 Bandw
idth = Bandw

idth of the Probes + 
O

scilloscope !

Key #10 –
Probing



A
C

T
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E
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R
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B
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L
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U
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E
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T
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P
A

S
S
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Key
#10 –

Probing

probe  
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