Vill. Laboratorium 1. targy
(0szi felev)

 aTargy
... kovetelmények és szamonkeres
o | Mérések / mérocsoport (2 f0)
... sajat idotabla
c?'J
* a Munkahely %ﬁ

.. Szakszeriség, biztonsag (! aldiras !) TEST
1.sz. mérés: Muszerkezelés

... alapeszkozok (minden mérohelyen)
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Balesetmegelozési A
y V (4 y - Y 4
és tiizvédelmi rendszabalyok . —

betartasa

lasd: Id6tabla hatoldal, Mérési utmutato,
Hirdetotabla
! alairas !

Halozati fokapesolo (csak mérésvezetod), tanari gép .|. csak ezutan

szamitogép be(!) ... és varakozas(!),
miuszer(ek) be/ki kapcsolas

| Meérohely tap-eloszto bekapcsolas,
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Merohely bekapcsolas

™ . N (Scope, DMM, [PS])
" B _NIntilink. | weverorm RE gen)
‘2.4— + “Data Capture” (Sccpe!
"ol PCLaptop
GPIB
Controller  GPIB
s

1. Mérohely tap-eloszto — BEkapcs.

2. Szamitogép — BE |
.. ¢s ymagara hagyjuk® (1), amig az _
aut. konfiguralas lefut (,.fekete ablak” ) {

— alaphelyzet!
(— alaphelyzet!) \@ﬁ :j
3. Miiszer(ek) — BE / ki S

MOST: a miiszerecket a bemutatas sorrendjében
kapcsoljuk be (,,itemezett” miiszerkezel€s)

Ellendrzés: a merdhely rendben ...
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aTargy —» Mcrnoki/gyakorlati munka

., Ha en mernok volnéek, mér ’ne sokat mernék ...”

Jegyzet: Mcresi ut., Miiszerismertetd

* Hallgatéi segédlet a Laboratorium I. c. targy méréseihez, BME VIK, Vill.m. Szak

* "Miszerismertetd" segédlet a Laboratorium I. c. targy méréseihez, BME VIK, Vill.m. Szak

WEB lap:

Ot helyszin: IB413, IE226, 1L107, V2/405 a,b
4 (5) idépont (kurzus) ...
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http://www.mit.bme.hu/oktatas/targyak/vimia304/

Kovetelmeények:

11 mérés, 1 ellenorzd mérés (idotabla)
e Minden mérést el kell végezni!

Gondos munka
(és a mérohelyek eszkozeinek szama csak néhet!)

Jozan, de szigora labor szabalyok
(legfontosabb a BIZTONSAG;
hetenként 16bb mint 150 ember dolgozik a laborban)

3K szabaly (,fé6benjaré blinék”):

« Késés ( hianyz4s??)
 Késziiletlenség — Pétméreés
« szaKszeriitlenség (max 1+1))

Vill Lab_Intro / papay@hit.bme.hu

Szamonkeres:

1-3. mérés: nincs osztalyzat
4-11. mérés: egyéni Hazi feladat WEB laprol
kozos e-Jegyzokonyv ( magyar !)
kiilon-kiilon (!) osztalyzat
Ellenérzé mérés: gyakorlati — egyediil
irasbeli — egyediil

Nincs ,szivatas”,
de ,Robert bacsik” sem vagyunk ...

A mérésvezetd egyénenként ad osztilyzatot
* a felkésziilés ellendrzése (!),
* az otthon egyediil (!) elkészitett
Hazi feladat megoldasa,
* a labormunka ¢€s
* a kozos e-Jegyzokonyv alapjan




Meérés potlas: max 1+1

1 - 3.: 1 mérés potolhatd, csak ennek potlasa utan (1)
lehet folytatni (4-11.) a labor munkat
* kiilon idépont + — Hirdetotabla

4 — 11.: 1 mérés potolhato
személyes jelentkezéssel

e potmeresi idopontban ¢
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Meresek / mérocsoport (2 f0)

e Mérések:

1-3.: mindenki ugyanazt méri ( ,,el0készitd” jelleg)
4-11. és Ell. mérés: idotabla szerint

* Mérb-csoport beosztas

minden csoportnak sajat iddtabla
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* Mérés NEM marad el, minden mérést el kell végezni

* Fel kell késziilni a mérésre
» Meg kell oldani a Hazi feladatot (a Targy WEB laprol)

*A mérés 4 ora, a sziineteket dinamikusan kezeljiik
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a Munkahely:

Szerver;
e-Jegyz6konyv

LAB basic HW Tools ...

1. mérés: Miiszerkezelés

» Toolbar agdd-ins for Word, Excel (Scope, DMM, [PS])

(11. féléy )

h IntuiLink

# “Waveform Editor” (ARE gen)

m—' pmapmp & “Data Capiude” (Scope)

GRIE Agilent (= HP
Internet controler GPIB gilent (= HP)
(UsE) address
‘ ; Signgj Generator
Wayne Kerr~ 7 =it E44pB
6440A Component and m  — ‘.
3260B Magnetic Analyzer T |
(6. és 7. mérés) :i 1 5.. i
=] |
m! |
manualis Scope OMM - i
kezelés 54622A 34401A 33220A o\ EIEHA
= — E Spectrum Analyzer
eee mi ] 1] !F.-ITI-!- {device : L meres. K i4411B /
TR under test) o Al srések N
Manual PS - apmerese .
METEX E3630A : »Tapegység IC”
ME-22T DMM
— XX
I E9340A LogicWave PC Logic Analyzer Scope \I
| | 34 channels: 100 MHz state (64k 54622D
| gﬂ """:fs“'_'“i“ﬂ i1|-|?EI-KI i:_rtmlﬁis 3. mérés: Digitalis
nnects via parallel po — T 0 e
Hameg | Einﬂﬁle-screen user inlerrface alapeszkozok
T sed fealures,
HM6042 Curve Tracer | l;an?jgzsc:;ﬁn:rn;;n?ﬂ;. are b ( HW +SW )
. R
( & méreés ) \ aval on o0e sCreen | I l
e o [ -—
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http://www.hit.bme.hu/people/papay/edu/Lab/Tools.htm

GPIB = General Purpose Interface (Instrument) Bus

NEW (2004): LXI = LAN eXtensions for Instrumentation

LXI is an instrumentation platform based on
industry standard Ethernet technology
(IEEE 802.3), TCP/IP protocols, LAN cables,

web browsers ... designed to provide
modularity, flexibility and performance to
- small- and medium-sized systems.

USB/GPIB
G LA is the backbone of the system
E— > Hardware protection
@H > Batlowards Forwards compatibility
-~ i S —— | m,;m
s, st wbe veen “ ];E The optimal
= o - bus is
~ o - VXI PXI use-case-specific
LAN-based Xl ——
instruments instruments {  Modular i Cardcage
upm standard Instruments

GPIB is faster
in production

j Ethernet is faster
in validation
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http://www.lxistandard.org/home
http://www.lxistandard.org/home

/O interface: USB/GPIB
Plug-and-Play (PnP); Transparent interface

Accept DEFAULT settings !! ) B .
Interface VISA/SICL Names USB Cable /\\;_B |nm-um1n\u’>

o
( NEo S e m) 82357A i
Scope address: 7

VISA Name  SICL Name

uUsB Port
“GPIBOT “onibl)” I | N\
apibl) RB/address: 10
.’.1'

[ ry

! VISA assistant £ ssesss e

: 10 config Logical Unit: 7

FIEE IR NN EE IRy Bus address: ﬂ

Note: VISA = Virtual Instrumentation Software Architecture
SICL = Standard Instrument Control Library

USB = Universal Serial Bus
GPIB = General Purpose Interface (Instrument) Bus “ Go to Local ?
HP-IB = IEEE488 = IEC625 \ /

Vill Lab_Intro / papay@hit.bme.hu 11
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I/O interface

: USB/GPIB

Vill Lab_Intro / papay@hit.bme.hu

USB < GPIB

atalakito
82357A

12



IntuiLink connectivity SW

Word, Excel Toolbars; stand-alone-SW-toeols-

|- =2

PC application software '

i}//—k} Word, (Excel) Toolbar

1lntU|L|nk

Agilent 54600 Scope

: - dgilent 54600 | ta | K o @ @| (2]
Direct1/0
{native instrument Excel, (Word) Toolbar
commands) Your
COMPULer s agilent Multimeter | 5y | 147 | ‘ w1 s 0w
100% ¢ 1 Wim EDITOR—
sﬁ““! S ngilent Intuilink Waw=ferm Editar
“'l bﬂlﬂ “Fle" Edic ¥iew Math Commun jons | Tools Windaw Help
cap?

e
-"-
““““““ 0= | 5\ o By Bl St Eq:|at|on Calclulater
. » ‘ ¥ x| T '-l d S| Agilent FIR Filter =

Aqgilent Arb Pulse Maker

IJII.'D suﬁware {#ISA} Imp ork Way Frm(AgI tIF jium S p)

Physical inteff =
—| lysical in E‘ ace | Coinma ent over|GPIB,
5\ memussiiany
Physical interfage | O ner Physiedl interface

%
120 hl,l'-i'f
cd
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A jegyz6konyv ékezetes betiikkel késziil!

e — Jegyzokonyv / WORD /

(Vi’lZ S G: drive, SZGI’VCI‘) Jegyzokonyv iras elott ellendrizziik a halézatot!
connect
WORD / Screen
(IntuiLink Toﬂlbar:) image

A
-
ﬂ: Agilent 54600 | : H' ::E Lo ‘ @

' Agilent Technologies

SPECTRUM
FFT (“Fourier-sor™)

1
Max(MI: -15.3dBV ]
MatMaxtMl: S.00kHz

VB

FFT_5 Rate = 40.0kSa's
i _soame ) QG ) © et
(press Math / FFT) (press More FFT)
>

spectrum ‘ Word
: Text box

Vill Lab_Intro / papay@hit.bme.hu 14



e-Jegyzokonyv: Kkod . doc

kod - file név - konvencio:

3: IL107 Lab
V: Vill \

Word filc

NV
V3

l

[
Vv

du 2 01 .doc

Save as ...G: drive

e-JegyzOkonyv vaz: szerveren

1.mérés: — (gyakorlas)

NAP: h, Kk, s, ¢, p

de: délel6tt, du: délutan

MERES: 01, 02, ... 11

=

| M&roCSOPORT: 1,2, .. 8

2.mérés: max. S old., csak ez nyomtatva is ...

3.mérés: — (gyakorlas)

4-11. mérések: osztalyozva

a jegyzékonyv ékezetes betiikkel késziil!

Vill Lab_Intro / papay@hit.bme.hu
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Miikodo mérdhely — ezt varjuk el, ilyet is hagyjunk ott!

» kombinalt (!) Vill. ¢s Info mérohely(ek)
— alapmiiszerek (tapegység, jelgenerator; oszcilloszkop, multiméter)

* mérendd objektumok ¢és kiegészitok
» specialis méréeszkozok, egyéb mérOdmiszerek (!!)
» mérékabelek, lezarok, IC-k ...

Win2K op. rendszer, MSOffice: WORD, Excel
» specialis SW-ek, Matlab, ...
* Internet

o e-JegyzOkonyv: WORD (<«— IntuiLink Toolbar)
« jegyzékonyvet NEM nyomtatunk a Labor-ban

— e-mail, floppy ... pendrive (USB)

e mas jegyzokéonyvét NEM hasznalhatjuk

Vill Lab_Intro / papay@hit.bme.hu 16



a Labor nem zartosztaly

Motto: ,,Bolondbiztos rendszert csak a bolondok hasznalnak”
Folyvomanva:

e a HW elronthato — a muszer NEM Kklaviatira (!!)

— a szamitogép NEM jaték-konzol (!!)
e nem igaz, hogy ,.barmit miikodésbe lehet hozni, ha elég sokaig babralod”
e féveszme az, hogy ,,ha valami bedughato, akkor azt dugd is be”

Miiszer kezelés: SZAKSZERUSEG és BIZTONSAG Ez siilyos
e csak a sajat eszk6zok hasznalhatok (mas mérohel iigtzee;m'

e kétszer 1s gondoljuk 4t a vezetékezést
e a méréshez sziikséges miiszer-iizemmnrodokat allitsuk be (!),
a miszer-alapbeallitast (1/0 kapcsolat, nyelv, ... stb) NE modositsuk,
CALibralast NE kezdeményezziink ... ( 0vatosan a menii valasztékkal !)

Szamitogép hasznalat: MUSZER-KAPCSOLAT és e-Jegyzokonyv
e manualisan kell beéllitani a miiszereket: az IntuiLink SW ,,adat copy(move)”
¢s nem soft-panel (csak néhany funkcio tavvezérelheto ...)
e a szamitogépet NE mozgassuk, benne NE turkaljunk (TILOS az atkonfig.,
Uj program betoltése, program torlés, zene-file letoltes ... stb.)
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Méréstechnika ...
Analog jel (time dumain}:

« Tapegység (PS) ' 1+ 6 V +20V l/

. Jelgenerétor ;ARBgen]

V(1) =Vpe + V() =

e
e Oszcilloszkop {Scopez
 Multiméter (DMM) *

ooooo

+ A4 -u(r)

aﬁer

Paraméter mérés: Oszcilloszkdp kontra Multimeter
DC vagy AC csatolas AC/DC quiz

forma: Sine, Square, Ramp, Pulse, Noise, ARB, (DC)

20 MHZSI

ne, square

ut+T) = u(t), min u(t) = -1,
max uft) = +1

5 MHz Eu_l__se

vOUT

T=1/F

A =Vyy/2 = CF Ve, CF : crest factor

“DMM: The Swiss Army knife of test”

DMM: ,dual slope”

Scope: Ch1, Ch2, Math (source)
'Select Measurement
Amp! = Top — Base)!!

3 x
Average Average — ="
v Base ]
INPUT Gm-ﬂ:nr‘ .
? 2 (x)”
I “"",.,._._l RMS(dc) = "
=
. Frequency = Peak — Peak =V, = Max — Min
Maximum )
10 MHZ, Minirmum Rise Time
8 bif{/ 200 MSPS v AMS
Period -
+ Width
Mafth: 1-2( diff ), Phase - Width
2K EFT = Preshoot X at Max Y®
I Rise Ti'= X at Min Y
[

direkt kontra differencialis (Math: 1- 2) meres

(analdg integralas) igit)
: ':-:I - AC coupled true V,, F i
: ? ' reciprocal Counter 1KV
: 300KHz)
aram (loc. ke - ACcoupled o0l Null, dB

true RMS)
ellenallas (Q 2W, 4W)

Thrashalds
I
u— +Width _..._'
.‘-'- Period

~Width

“Scope: The eye of the engineer” Vill_Lab_Intro / papay@hit.bme.hu 18


http://www.hit.bme.hu/people/papay/edu/Lab/quiz.pdf

Hi/ Lo (= COM), GND

Minden mérokesziilek haza (biztonsagi okbol) az érintésvédelnu féldre van kotve:

3
POWER
use vl
blow
GND

Ha a jelfold nines hozzakétve az életvédelnn 161dhoz, akkor a keésziilék _lebeg™ (a jelfold
eltérd potencialu az _igazi” fold-hoz képest). Osszekdtés (COM = GND) esetén a késziilék
hem lebeg™.

* Csak az o.s:c:'fﬁﬂs:kdg_ lévén nagyirekvencias eszkdz, _nem leheg”.
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Hi/ Lo (= COM), GND

Mérdhalozat : lebegd” miszer: érintésvédelmi féld (Shield ground)

ARBgen: [nstrument Case
(PS;
’ floating”
DMM) |~ " Power AC
Hi L transformer plug
Lo Oy Output
COMmon: — C‘T:::itnmm
Signal ground i
Pow .l EEEERERNF
Supp.llllllll
Shield
gromnd (GND)
Power §upply
GND - NE
hasznaljuk
Lo (COM)

ezt hasznaljuk

Vill Lab_Intro / papay@hit.bme.hu

Scope (High Frequency):

_!- """"""""" Instument Case |
i non ,floating”: :
i . GROUNDED Power AC i
1 i transforme '

.ﬂ‘i%;—-iiﬁ} -§J€l‘: LT{\

Sensing

= Shield ground (GN D) :

20



Scope : Measure voltage across R1 ( R1=3K,R2=2k ) > Math:1-2

ﬂRONG " S Frobe Tie - >
J. S '*-'rp.-..._._.._

(ﬁh.-“' HFECOHG AT

\ y w“:““:.u":;.";';s;;?mﬁ:“a:f;a, NEM lebeg

EH 1 ok

RIGHT: — = Math: Ch1-Ch2

Gen F"\_.-" RICHT H&T CH.2 Proks i . R
i = | L Y EY

T 2. mérés:
_L Fight weg to measure »oltitesges scross RL Alapmérések
= Ground lzad of THel & CH.Z2 commected to circult sround 2 2

»Tapegység IC”

Ch1
Ch2
: It 1t
(Average: AVG #8) 1vy- (2/5)=0.4V Math: Ch1-ch2 (1-8.4)V=0.6V
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Agilent 54622 A Portable Oscilloscope (DSO)

2 Ch, 100 MHz; max 200 Msa/s, max 2 MB/ch (MegaZoom)
Hi-Def display, flexible Trig; autoMeas, 2K FE'T
MOST nem

floppydrsk; GPIB, IntuiLink: Toolbar; DataCapture hasndijuk

;,? Agilent Intuilink Data Capture
File Edit View Instrument SWindow Help

Everyday = M B

5 pgilert 54600 | T | I e & | @)
( WORD, EXCEL ) RUN/STOP

Entry knob e ,,_,,,,;,‘/// Single

f
POWER BNC connectors
On/Off (Bayonet: guarter-turn
locking mechanism)
coupling: DC/AC
\
Intensity Probe comp (CAL)

Output :
SQU, 1.2KHz, 5V
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54622D MSO: Mixed Signal O’scope

2 Ch, 100 MHz; max 200 Msa/s, max 2 MB/ch (MegaZoom)

Hi-Def display, flexible Trig; autoMeas, 2K FE'T

MOST nem
. hasznaljuk

File Edit View Instrument SWindow Help

= |8 |
e — A ,
¢ pglert 54600 | 5 | B Gw @ iy | @)
(WORD, EXCEL )

Probe comp (CAL)

Output :
SQU, 1.2KHz, 5V

Vill Lab_Intro / papay@hit.bme.hu 23



54622D Mixed Signal O’scope (MSO)

Trigger Out g T
0 to 5V with 50 C2 source impedance; delay ~ L ) (- — — e

External (EXT) Trig !
MOST nem
hasznaljuk

ha Ext Trig kell ... ..._..._,rf

(BNC kabel bekotve!!) |
Vill Lab_Intro / papay@hit.bme.hu
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Scope (graphic voltmeter) ... a “mental model”

- N
i

l|

\

\

WAVEFORM SEGMENT

A 4 ( TIME DOMAIN )
COUPLING Vertical
Amplifier Vertical
VOLTAGE ’—‘,:E_| \ A/D Conv MEM 1'(“ B
“ -
INFUT 7 . =
DC A —_—— :
g:; ’ Volts 6£GSIUG | Horizontal fﬂ'
Div i In i, | Vorsmiv
VERTICAL | (X) -
|_sample rate, TN
T T T T e 1 Time TimgMIV [ [ §
1 Base D|5p|ayr
EXT Int L !
TRIG s '® s
T @

capture single-shot wfm

TRIGger: to stabilize repetitive waveform, and HORIZONTAL

Delay _Time

Division

Vill Lab_Intro / papay@hit.bme.hu
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Scope Bandwidth (BW) ... the most important characteristic

<5 Aglest Technologiss

55

60 MHz scope

e | | =

54622A/D )

100 MH
N——_ " Sajat felfutasi
ido ~ 3.5 ns

RiseTime ~ —0'35

5
1]
m - Al
g -5 %‘ ~3 d8
= I P
E -8 e 3
-18 B, |I
- | | |
0y s 5 350 MHz scope — P— | Pe—
- =]
Frequeney (MH2) -

5 ns/ DIV

:r__\ | fﬂj Ir"“

20I ns =/r1/(5

OMHz)

V1l LdD_INro / papdywnit.ome.nu 26



(1) Vertical (1,2)
(2) Horizontal

(3) Trigger
[ AutoScale ]

Run/Stop
[ MegaZoom |

Waveform
Measure
Math

54622A Scope - Front Panel

dedicated knobs

( Time/DIV, Delay Time (4»))

_ Measure Run
Display keys controls
|"I/"I 1y — ot _ N
i ™ \#‘ _@m LT — - . T —. dedicated knob
77 A N M ! @ (Trigger LeveD
B 7 unjversal N m k
\ : EI‘I r'pl' : ‘ 0 P-_— e — W ——— llr _
{ knob “:"--..___ o () ()| | @ Trigger 3)
\_‘_;_;_.__._ | a E,_@ > 5 {:} controls
' Autoscald e — ma T~ —
® ke v =, o,
o) et y (0) \
Softkeys oLl e M. Utility
- W . g ] A
"“' "@" e Probe
" comp
MEEEE == ,..: i@ output
KN——— @@,
'E‘:.‘-I /J /.f / - —
Intensity Hoppy Power Vertical File
control disk switch (1) inputs/ keys
controls
(Volts/DIV, Position ($))
dedicated knobs
Vill Lab_Intro / papay@hit.bme.hu 27



Scope - Display

Analog *Digital, * = Triggerpoint, Delay Sweep 5 Trigger  Trigger Trigger
channels chanfiel = timereference time  speed * mode type source
@

Analog Trigger level
channels and ..—-""‘"' or digital
ground levels ™~ threshold

|
|
|
¢ V'S ——— |
* o / Digital channels | - E”'Sk“r
D'ﬂ“i‘ 54622D = markers
ghannels MSO: Mix(ed 2) | defining
" - measurement
Signal |
O’scope :
I |
Measurement : ! : : : Duty cycle =
| Freq( ): S10.0kHz Pk-Pk(1): 4.1V Duty(1): 4B6.7% Widti/Feriod
. Bource | 4D Select: Measura Clear Settings
Softkeys ——"" 1 A\ Duty Duty Meas ¥
(press Quick Meas) \—

Circular arrow: use (universal) Entry knob

Oor & Pressthe softkey to display a pop up with a list of cholces. Repeatedly
press the softkey until your choice is selected.

Vill Lab_Intro / papay@hit.bme.hu 28



54622D MSO: Mixed Signal O’scope

2 Ch, 100 MHz; max 200 Msa/s, max 2 MB/ch (MegaZoom)
Hi-Def display, flexible Trig; autoMeas, 2K FF'T

T foppy-disi; GPIB, IntulLlnk Toolbars; Data-Capture

........................................................................ MOST nem

54622A DSO + hasznaljuk

Eﬁ Agilent Intuilink Data Capture

Maximum Input Voltage

File Edit Wiew Instrument ‘Window Help

5 Agilent 54600 | T | K e & | (2]

(WORD, EXCEL )

== e =

_n —'—! —I—_--I—-

L
[y

_JLM' = E‘i‘

digital pfob

R4EAHE1E01 16-channel cable™

BEO3H. 27 Probe
ground lead gty B

;ZCI[G [533}3%?33 Grabher
rear \
panel (!)

Vill Lab_Intro / papay@hit.bme.hu
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Scope (MSO):

Interpreting the digital waveform display

Activity indicator
A digital channel can be always high ( ~ ), always low ( _ ), actively togaling logic states (1 ), or OFF
4 Activity N Delay Sweep Trigger Trigger
indicator time speed/div mode or run type and

\ status SOUrce

Threshold
List of stacked level
channels |
Digital channel : ~ Logic family Threshold Voltage
identifier | 4| ——— TTL 14V

CMOS 25V
!.i:.Tn‘fl:hannEIs o EEL —IE\I’
in pod and anfoff
status User Variable from—-8Vto+8Y

Digital channe ' ——
oot S ¢

Channel Turn all Waveform  Digital User-defined
on/off channels size threshold threshold
on/off

Press the size ( . 1 J1) softkey to select how the digital channels are
displayed.

Vill Lab_Intro / papay@hit.bme.hu



Scope - Ch1, Ch2 input ( BNC connectors )

— -

BNC: Bayonet Neill-Concelman (the inventors of the BNC connector)

& X
T i e g

TR J e 2

GROUNDED (non ,floating”)

Vill Lab_Intro / papay@hit.bme.hu
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Overvoltage categories (CAT)
In order to ensure the safety of the user, |IEC 60664 defines the ranges of use of
measuring instruments by classifying power levels into overvoltage categories |
through IV, This is because the excessive impulse or surge levels induced in a
power line vary depending on the location of measurement (category). Categories
with higher numerals

designate locations that

include larger surge /\
voltages. Instruments that — e
are designed for category
lll can thus withstand :

_ Service .
higher surge voltages than  drop v
instruments designed for
category |l.

Overvoltage category I{CAT I):
Secondary circuits connecied to an outlet via a power transformer.

Overvoltage category Il (CAT Il):

Primary circuits of a device connected to an outlet with a power cord.

Overvoltage category Il (CAT Ill):
Primary circuits of a device to which power is directly supplied from the power
distribution panel, and circuits from the distribution panel to outlets.

Overvoltage category IV (CAT IV):

All service line entrance circuits through the power distribution panel

T
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Oscill()’SCOpe Probe (10:1)

:(ﬂ

GND (Crocodile Clip)

Ground (GND)

LU Kizarélag

BNCQ/

( Bayonet Neill-Concelman)

oszcilloszképra
csatlakoztathato !

sheath pereen |
Construction of J sigha
a co-axial lead /
insulation
Vill Lab_Intro / papay@hit.bme.hu 33




Scope:

(Specizllis mérdkabel (kompenzalt oszto, AUTOprobe))

BNC és auto 10:1 beallitas érzékelé — OVATOSAN kezelni !l

Hi : ,injekcios t4”, Lo = GND (!) : ,krokodil-csipesz”, Ref button = GND

.. Where the
instrument
meets UUT
probe adjustment
probe :
A SR
_MLTI7 o2

Erzékenység csokkenés, savszélesség névekedés ...

DaCILLOSCOPE INFLIT
BNC eocket

Parfacthy companzatad

CPR F = (-,R,

Over compenated

: input LT Z.
h\é\ it L_:'u _(R-I_Zp}-l_zi
/\ ”“1'-’-"% J‘ 12pF ~ 1
7 i R R, 1+ joCR
; : ——LJ\ 5 E(l—ijjR‘.}+?‘”-1’_{—0£+1
"EE'{;'E*HE[;{ ,,,,,,,,,,,,,,,, ‘_ 1+ joC,R,
: 1
BNC 1+(R./R)
5 z— R<<R
~ CR <R
I+ jo————
1+(R,/ R)

B
L

Under cam pansatad

Vill Lab_Intro / papay@hit.bme.hu

R = 50 Q (jel forras-impedancia),
R, =9MQ, R =1MQ
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GROUND LEAD

INDUCTANCE EFFECTS

UUT: Unit Under Test

For a 10X Passive Probe with G, = 10 pF

® Ring Frequency using a 10 pF

Input Capacitance 10X High Z

Rin
Amplitﬂdg ~ 50% Error Passive Probe and 6 mch
ground lead.

Ring Frequency 1 _ 50- 70 MHz
FromGND Loop — 25 J1LC -

................................................................... ~ 25 nH/inch =
10074C probe 1 ~ L1x 10° 110231:’:.:

C. ~15 noF . — 9' o 12

in P 2 n\/15010 15-10 100 MHaz

Vill Lab_Intro / papay@hit.bme.hu
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Scope: BNC

& 1
-

AutoProbe
(10:1)

Generatorra is,
oszcilloszképra
is
csatlakoztathato

Kizarolaq az
oszcilloszképra
csatlakoztathato !!
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Scope: Auto Probe — Probe Comp (Out) / ON , Auto Scale

(55 Aot St oncom g A

it o

comp (CAL)
ut :
y 1.2K Hz, 5.3

'

papay@hit.bme.hu



Scope - Measure
Quick Meas (“ Let the scope do it: Select /Meas ”)

Freq(l) = ?
Pk-Pk(1) = ?

D data { fit signal on display ) !!

GEED
T e
Math
(D15 Source Select Flacsomane Erase all Additonal Measuremant
DI]] salact measurament measurement measurements settings Thrasholds
. | ne médositsuk
* HELF e \_I Amplitude, Average ... az alapértelmezést /

Vill Lab_Intro / papay@hit.bme.hu 38



Scope: Getting started ... (@ Power ON)

symbols used in softkeys

SW version, opt module etc.

Please DO NOT
change (or delete)
the language

Vill Lab_Intro / papay@hit.bme.hu 39



-+ % Agilent Technologies

54622A/D scope (@ Power ON)

e s e e e e —
L°]

R N )
.;%w---_'_f?“ Entry = —

0 :’—knob

ey
e ggn®

-4 % Agilént Technologies

Vill Lab_Intro / papay@hit.bme.hu



Scope - Vertical

amnns®

Volts / DIV

Channel 1 Menu

Position
(offset)

- 2 aEENN N, =
. “pop up” ¢
[ ] d
+, voltage value o'
0. e®
"Sagguust

Vill Lab_Intro / papay@hit.bme.hu

Kiilonallo (!)
amplitudo (skala)
és pozicio
beallitas
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1 mV/DIV
to SV/DIV

8 DIV
vertical

Channel 1
ground level

Position (§!

Channel 2
ground level

=

Scope - Vertical : press 1 [or 2]

Channel,

- Trigger  Trigger level
v“lf,"“r&“ source or threshald
T |

Horizontal,
Trigger

Time/DIV (sweep speed)

Delay ti

]
ne

TRIG
point

Time Reference

TRIG marker

—

does NOT
affect TRIG

Ampiv) o

Amplv) o

BC

Channel

10v DC+ 1V _AC  Time
DC coupling

coupling

“Ground”

Invert
channel

Frobe
menu

AutoProbe
or  “BW7”(20 MHz) | (101 Volts
IS lluminated on front panel
Attenuation  Measurement
factor units

Vill Lab_Intro / papay@hit.bme.hu
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Scope - Vernier scale

A vernier scale lets one read more precisely from

a measurement scale. It was invented in 1631 by the
French mathematician Pierre Vernier (1584-1638).

B [n some languages, this device is called
8 nonius, which is the latin name of the

portugese astronomer and mathematician 9"y.’lhh'f.,i.'.!.g'.!.tg.'.l.'.!.j.!lug.i.l.ignluHIIHJ,!N!L“””
o= o il

Pedro Nunes (Lat. Petrus Nonius, 1502-1 578). |

Verniers are common on sextant, machinists'
measuring tools (all sorts, but especially calipers
and micrometers) and on slide rules.
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Scope - Horizontal

Kozos (!)
idoalap (skala)
és pozicio
beallitas

=

L
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Scope - Horizontal : press Main/Delayed

. Trigger Time
(Delay Time (4w) point D reference \_time

speed

Sweep :Trigger Trigger level
m source or threshald

T,

[,
EQU time sampling (ETS)
Current l
sample rate late = S00MSa/s

5 ns/DIV to 50 s/DIV

(resolution: 25 ps)

10 DIV horizontal

Main sweepl Delayed

Time reference:
Left, Center, Right

ode sweepmode mode mode reference
Thesa markers define tha Tima/div for Tima/divfor Delaytimemomantanily
Chart recorder baginning and end of the delayed sweap main swaep displayswhenthedslay

( Roll, no trigger ) delaved S‘T‘iplﬁigd?b

tima knob is turnad

Delay T
(positig

500 ms/DIV
or slower Main swaap
(w/o TRIG) winclow
X-Y plotter
( Time base: off) Ef,',iad";,.f swaap

Selact main or

Note: Z (EXt Trlg) dalayed sweep

possible 1000 :1 zoom ratio

Vill Lab_Intro / papay@hit.bme.hu
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Scope - Trigger : press Mode/Coupling ; Edge

FTnggerEvent f |
|

Pre-Trigger Buffer Post-Trigger Buffer ‘

| '_f‘-l : N I_.."" < ..
\ / | N . ,

v

Acquisition Memory | V.

TRIGGER [Mode/Coupling ...Holdoff: Edge *°.. Int/Ext] — Sweep ..inditas™
I ANA szkép mikodése bemutathatd (‘Aute’ modban “Trigger Level’ hatasa)l
DSO trigger: leallitja (!) az adatgyijtést (Pre/Post trigger) ... rress Mode/Coupli

Z24

Auto Level

Auto
MNormal
a sweep-et
Kdvetd
DC TRIG tiltas
AC (2l kép
LF Reject beallitashoz)
(TV) Analog channal Digital channel  External or Line

source soufca source

2. mérés:
Alapmérések
»Tapegység IC”

« , TRIGGER Level and'“"" ™ jranach)” — dedikalt (kdzvetlen beallitas)
]
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Scope - Trigger mode

press

Mode/Coupling

DC, AC, LF Reject, (TV)

* Normal mode displays a waveform when the trigger conditions are met,
otherwise the oscilloscope does not trigger and the display is not updated.

Attenuation  Measurement
factor units (54640-ser

5)

*( Auto mode is the same as Normal mode, except it forces the oscilloscope to
trigger if the trigger conditions are not met. __as ANALOG Scope

o Ruto Level mode (54620-series only) works only when edge triggering on Holdoff Time ~60ns to 10 seconds
analog charmels or external trigger. The oscilloscope first tries to Nopmal | T0 get @ stable trigger on the pulse burst shown below, set the holdof time to
trigger. I o trigger is found, it searches for a signal at least 10% of full scale Vel s ARBgen ’
on the trigger source and sets the trigger level to the 50% amplitude point, BURST mode ‘

. . . . : Holdoff cope triggers here
If there s still no signal present, the oscilloscope auto triggers. This mode —/

I |

l b
is useful when moving a probe from point to point on a circuit board. | ] ]
I L M|

00ns 600 ns

Note: with MegaZoom technology, you can press Stop, then pan and zoom through the data
to find where it repeats. Measure this time using the cursors, then set Holdoff to this number
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Scope - Trigger types

_______,Tngger
o Edge controls
* Pattern
 Pulse width (glitch)
Pattarn Trigger on a pattern of high, low, and don’t care levels and a rising or falling edge

established across any of the sources. The analog channel’s high or low level is defined
by that channel’s trigger lavel.

Pulse Width Trigger when a positive- or negative-going pulse is less than, greater than, or within a
specified range on any of the source channals.
Minimum pulse width setting: 5ns
Maximum pulse width setting: 10s

* CAN (Controller Area Network) W

e  Duration: multi-channel pattern
o I2C (Inter-IC bus)
o LIN (Local Interconnect Network)

° Sequence: Find event A, trigger on event B, with option to reset on event C or time delay.

* SPI (2 & 3 Wire Serial Peripheral Interface)

o TV Triggeron any analog channel for NTSC, PAL, PAL-M, or SECAM broadcast standards
" on either positive or negative composite video signals.

« USB (Universal Series Bus)

Vill Lab_Intro / papay@hit.bme.hu
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Scope:

& Szemléltetd példa: sajdr forrds mérése (Scope Probe, Chl. 10:1 mérékabel) — Auto-scale
Fedezziik fel a skéla véltoztatas és a dedikalt gombok hatasat (— Status: Allapot s&v) ...

Volt/DIV (— min) ' f Time/DIV (= min)

EES=s= ﬁ..._ h _,.._:.f.;?f._

e VERT Position' ¥’ : a rovid ideig megjeleno érték-kijelzés a mozgo icon gb (GND ref)
tavolsagat adja meg a képernyod kozép-vonalahoz képest

‘-IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII..

: ® HOR Delay time (4®): 3 trigger pontot (¥ symbol Jmozgatja. és az érték-kijelzés azt adja
- meg, hogy a V symbol (Time Ref, Zoom Ref) milyen tavolsagra van a trigger ponttol.
... Megiegyzés: a ¥ VI (trigger pont) el6tt PRE-, utina POST frigger informacio . .
e TRIG Level: néveljiik lcon Tp (if ANA Ch) értékét a jel-csucsérték folé. ekkor ha
TRIGger: Auto — megsziinik az allé abra (— nines szinkron, mint ANA scope!!),
(dtvdltva) Normal — ,,befagy™ a kijelzés (— mint DSO, villog a Trig’d )

eummEnm
CpmmEEmEnEs
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Scope

ANALOG :

kozvetlen “rajzolas”
(képernyore iras)

direct signal path
(limited writing speed)

Analog Oscilloscopes
Trace Sigrnals

54622A/D
DIGITALIS : ﬂ Acquire

numerikus “tarolas” (memoriaba iras)
es virtualis nvomvonal “rekonstrukcio”

Display '/

extensive 1010
manipulation &ﬁd‘
o101

Digital Oscilloscopes Sampia
Signats ang Constructs Displays
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Scope: Waveform — Rekord felvétel €s megjelenités

ACQUIRE:

digitalizalas (numerikus mintdk)
— mintavétel és kvantalas

A memoria kapacitas ( M ) korlatozza
a minta-gyakorisdgot ( fs, sample rate ):

fs =M /(10" Time / DIV") < 200MSa / s

a DSO savszélessége tehat valtozik (1!)
az idéalap (Time/DIV) modositasaval
(— Peak Detect: glitch detect)

fs T emsas
1if 1 ~
1|:|'|‘ 4

1iF 1
L 100 k5als

e Uizl s A

Sample Rabe (5as)

:
1|:|3 1 |__ . 1
@ 0sas Cecilloscope B :-
TGyors:™ ~~~~ 77 r 0.5 ms/DIV ™~
T ! ' -
' Lassu swee
1 .Swe.ep' t t t } t t | p
o.ooool ooom o0 o 0.1 1 10 1m0

TimeDisision ims)

» Time/DIV?”

DISPLAY :

rekonstrukcié (,,virtualis” nyomvonal)
— pixel-ek

max 1-2(4)*10% (Mega) point memoria
kontra
1-10° (Kilo) pixel display (compression !)

100 ADC Samples
per Store Interval
e oaple TEach  FFT|(uniform sampe-rate|!!)
o A 3 3
#33 #640 22 282
(5] .c:’/_ _\‘a a/_ _\"a.
Random Sample . .
Stored each (— anti-aliasing )
Infetea)l
/ Max
Min
M| © o o o o AQ
MaxMin of
Enttire Interval Peak Dgtect
Written
5] - ol - - Lt
100 100 100 100
Puerage of Entire i i =
werage of Entire | Dy Filtef (Average, #Avgs = 1)
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Scope - Why 1s long Memory important

1b ,2.b 1 Mpts
—- 3 E Full resolution of
entire image
10 kpts 100 kpts

... finally you know why Mona Lisa is smiling
(listening to Leo’s new music player)
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. Gyors
Lassu sweep sweep
1 ms/DIV or slower : %
(10 ms/5 ns = 2M) #AVG =1 HiRes 2 us/Div or faster
7 _ (20 us/5 ns = 4K),
HAVG | 2us/DIV 8 bit with reduced BW
FAVG. resolution | 5 us/ 9 (200MSPS/4= 50MHz)
igb't 20 us/ 10
16 10 100us/ 11 (@ one TRIG event,
64 11 500 us/ 12 bit SINC interpolation)
(223 stablelfnultigle TRIG OIS el & *or infrequent trigger
Up to o 4AVG ) ’ N DF: decimation filter complex waveform
e (@one TRIG)

Waveform : press Display ||

ON ( “connect the dot”™:
LIN interpolation )
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Scope - Measuring methods

Auto: Quick Meas (“Let the ;su,r)e"g,iu-_;zi';g%i,
AUtO {2 ( .

Manual: Cursors

“Eyeballing”: graticule markings — Display / Grid [ 20% ]
counting the (minor) divisions, and
multiplying by the readout sensitivity
... like Analog Scope

Maximizing measurement Accuracy, the first rule :
set the highest resolution (— scale; Vernier; Delayed)
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Scope - Measure : press Quick Meas; Cursors

MEASURE [Quick Meas, Cursors] — Paraméter mérések

e | (Display) Grid : hagyomanyos (ANA szkop) meres” is lehetséges |
» Egyidejlleg harom auto param. mérés:
Meas (and math function) are performed on DISPLAYED data | fit signa

ME modositsuk az alap-
érielmezést (csak ha
célszerii : pl. 9. mérés)

on display ) !!

press

1 - = Quick Meas
2

Math | I-

(D15 Source Pressto make) Erase all Additional  Measuremant

D[]} salact measuramant \measuramant) measuramants saettings Thrasholds

Amplitude, Average ...

X: relative to TRIGger point
Y: relative to GND point

Measurements made with Quick Meas may give incorrect results, particularly on noisy signals.

Look at the cursor lines to see if you agree that the cursor lines are showing what you want to measure. If
your displayed signal is noisy for any reason. try using Averaging to clean it up.
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Scope:

& Szemléltetd példa: (folytatas, egységes alap-helyzethez: Auto-scale)

i Agilent Technologies i Agilant Technologles

Measurement

oty JouEs | Mpemr [ ghx | soge Jirsgonc] A | =D i Bl
Quick Meas: Vpp, Freq [Select: HELP]. Counter Main/Delayed (—display: *Sample Rate”)

Modositsuk a skalakat, és figyeljiik meg a hatasokat. (P1. ha nincs egy teljes periodus a
képernyoén. akkor Freq: No edees, de Counter: tovabbra 1s miikadik!)
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Scope - dokumentalas:
IntuiLink” Word Toolbar

Tools | Add-Ins__. (ha nem latszik — View | Toolbars _..)

Microsoft Word

Inz=rk  Forrre |[.;.ds 1 ble  Wirdow Help Aceobat

ha nem latszik :

¥ % Doeling and Gramma ... FY

Language 3

Eg | ew Imwt Fanal I? Tablk indaw Hap dcrobat Word Counk .,
o B T ‘@ AukoSammarizs
i « Fillmeng ==
¥ [Py vty "3 QUCoCorr e,

Track Changss

Merge Documerts, .,
Prokzck Document..
ooline Callabaration

™ Automatically update document styles

Global kemplates and add-ins
Checked items are currenthy loaded.

[V agts4600.dot
[~ agtE3600.dat
[ agtrrth, dot

i

Remove

[

4, NOFFice) STAR TUPYPDFMaker, dok

Lsbomzes. . . . I—I
ptions... Crganizer, .. | Ik Cancel

agtMMtb: Agilent MultiMeter Toolbar
Agilent Intuilink Multimeter

5 aolent Matineter | Ty B 2 i | @) | (o

AGTSAGTT:

Agilent 54600 Scope %] ( =
% Agient 54600 | Tig | B G @ 2) .

Vill Lab_Intro / papay@hit.bme.hu
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Scope - dokumentalas:
nagyobb (2K)

mintaszam Excel
Toolbar-ral

(E—J egvzﬁkﬁnw)w ord Save as ... (G: drive)!! _ B
A jegyzdkonyv ékezetes betiikkel késziil! a teljes memoria

JData Capture”
SW-rel érhetd el

(ésaz FFTis )
NEM hasznaljuk

Agilent 54600 Scope X

100 Get single measurement

WORD
Right click

. Colors and Lines I Size
on picture

YWrapping skyle

“bal Kutya” ... | ol | o

In line with bexk SOuare Tight
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(1) Scope — o Persistence

- Comparing wavefmbt(overla}ring)

Save a waveform trac o the screen with =0 Persistence”

oo Persist—infinite persistence acquires data, displaying the most recent trace in

PTESS  tyll-bright and previously acquired waveforms in half-bright.

Display
Clear Display—clears the display.

'_'_::?fr_'_-- Agilent Technologies

:‘"- Agilent Technologies

Signal: Probe Comp

GND clip (a black
wire with an
alligator clip): open

|

Signal: Probe Comp
GND clip:
connected

[N

o0 Persist: On/Off (to freeze the trace
press the key TWICE) [ [

position knob (

@VS. ... sereenshot (as image File) moves the live signal vertically ()
to the memory [ press Save/Recall |

Vill Lab_Intro / papay@hit.bme.hu
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(2a) Scope — Interpolation ...

EXY

-IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII.‘

"‘Displav Miles™ of SCope screens per trigg_r-:_r_ R

Signal: Scope Probe Comp, Time/Div: Sns/, Run: Single, Display: Vectors: Off'On

-4 % Agilent Technologies

"Cursors’

actual A'D 7
samples (points)

|
TN

..|;._.

MEASURE | = ~__

10 points
: ¥S.
1K pixel
mterpolation !
 ax (mterp )
S A

et g o g ] Vet 3

press Display

(Mega)Zoom: Time/DIV: 5ms/

Vill Lab_Intro / papay@hit.bme.hu

-

kis reszlet a display-en
Fontra

nagy relkord a memoriaban
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(2b) Scope — ... Compression
(Mega)Zoom: Time/DIV: 5Sms/

kis reészlet a display-en
kontra
nagy rekord a memoriaban

Agllent Technologies

< 20ms (=4x5ms/)

N~

Probe Comp: \ 20 ms / 5 ns = 4M memory
\ .
1.2 kKHz SQUare \ _ v

\ 1K pixel / (10/4) = 400 pixel
(24 period \

in 20 ms) (compression !

dddddsiaddduda el

max real-time sample rate

each sweep is more than 44 miles
of contiguous scope|screens

Main/Delayed

"display miles"
ACQujsiriun

Mpts T"display 1foot  lmile
ACQuisition  10pis 12" 5280 feet

viii Lauvu 11iuwv/ Paya_ywuu.uulu.uu

44.2
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Scope - File : press Save/Recall — Default Setup

-4 Agilent Technologies

-_—

e ] %G ) g ) Py g
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Scope - File : press Save /Recall

Current waveform trace and oscilloscope setup
to internal memory ( 3 non-volatile ) or floppy disk

(...a link to Utility / Print Config)

Trace, Setup or
Trace and Setup (to meas recalled trace with cursors)

Trace INTERM O Recall Display
EmB

Recalling overwrites current settings

Becauserecalling a setup will overwrite the oscilloscope’scurrent settings, youmay
want to save the existing setup first.

Internal memory (INTERN_n, nis 0,1,2)
[ Floppy disk (QFILE_nn) ]
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(3) Scope:

-Y-LSZEIllléltetﬂ példa: egységes alap-helyzethez ‘Savel/Recall / Default Setup’ (1) J

... €s gyakoroljuk a kézi beallitast (,,normalis™) megjelenitést!

HOR Mamn/Delayed: Delaved — késleltetett sweep megismerése
QuickMeas: Rise Time (mérés a kinagyirott részben !) . és dokumentdlds:
et Kepernyo — abra
perny

Agilent Technologics

ez a bedllitas: Main
' T~ (200usDIV)
——————————————————————————— NEM felel meg
' a felfutasi idd
méréséhez ..

Ch1
Ch2 [ ]
{Math ﬂem] = it I Ergne=fing LUrks j |

' Furction b I_:ﬂ oot M Rimel 11 < 3.0
&, Saurca Selact: s Thir s bulld,
~ el b e -
Sanple | Fise Time 1= 30 8,76 ne \ -

Rise Time (1)=3,00us ( 7!)
(Az 1gen eltéro adatok oka: tavvezérléssel Main sweep-modban mér !! Ellenérzizziik!)
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Scope - Quick Meas (1- Time)

Press the Quick Meas key to display the automatic measurement menu.

1) Z045kHz

O e ol S

Sourca Salact

Prasstomake Erase all Additiong® Measurement Source Thrazhold

select measurement measursment measursments  seftings N Threshaolds saloct Type

Time Measurements

+ W

nky evicle = —m—
by eyele = o

idth X 100

‘fokaga

Y

Phiase = o

« Counter

» Duty Cycle
« Frequency
» Period

» Rise Time*
- Fall Time*
« + Width

« — Width

« X at Max™
« X at Min*

Phase and Delay

Phise = Delay

X 360

Souroe 1 Period

» Phase”
» Delay”

Changing default thresholds may change measurement resulis

The default lower, middle, and upper threshold values are 10%, 50%, and 80% of the
value between Top and Base. Changing these threshold definitions from the the
default values may change the returned measurement results for Average, Delay,
Duty Cycle, Fall Time, Frequency, Overshoot, Period, Phase, Preshoot, Rise Time,
RMS, +Width, and -Width.

Riss Time Fall Time
—n — — — Thresholds
-=== Upper
; A Middla
i i _i ceeeee- Lower
-Iﬂ— + Width —+— ~ Width _-:
b Perad 2|

Automatic measurements Phase, and Delay are not valid for digital channels on the
mixed-signal oscilloscope or for the math FFT function. Thetwo sources defined in
the phase and delaymeasurement must be turned.

* Measurement
on analog channels only.
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Scope - Quick Meas (1)

Time = delta-time
the elapsed time between 2 events as defined
by the crossing of a specific level [ Rel or Abs setting]

Direct ( Period, ... ) vs. Indirect ( calculated: Freq = 1/Period, ... )

Maximizing Time measurement Accuracy:

* Delayed sweep
* Noise reduction
* AVG (repetitive wfm)
« AVG #1 (Hi Res)
« BW limit ( Period, Width, 2Ch: Delay )
» TRIG noise (jitter) Rejecting: TRIG Mode/Coupling
* Expanding Amplitude (= increasing slope)
 Live with noise: Display/Persistence and
Cursors to the center of a noise band
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Scope - Quick Meas (2 - Voltage)
Voltage Measurements

- Average™
¥, . . .
Lrx, - Amplitude MBI - e e oo e e - .-_-.T_nfx_-_.

Average = — | L FTTEEE O g R e TS
‘ n . Base"

« Maximum™

Peak-Peak

» Minimum™
+ Peak-to-Peak™ eV A, . U S = N Base
. RMS* _____ MII’IIT‘ILIT‘I

« Top”

RMS (de) =

Average, RMS (dc) : over one or more full periods.
If less than one period is displayed, RMS (dc) or average is calculated on the full width
of the display. The X cursers show what interval of the waveform is being measured.

Preshoot and Overshoot Rising celge overshoot - 1004 Maximum —Top
» Preshoot” Amplituce
» Overshoot”

Base — local Mivirmarm

. - . FFalling edge overshoot = X 100
Preshoot is distortion that precedes a major =T Arnplitude

edge transition expressed as a percentage of
Amplitude. The X cursors show which edge is
being measured (edge closest to the trigger
reference point).

Overshoot

* Measurement
on analog channels only.

- - -’J
local Minim um Overshoot
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Scope - Quick Meas (2)

Voltage = potential-difference

Absolute: ref to GND (Max, ...) vs. Relative (Ampl = Top - Base,...)
DC or AC coupled (!!)

Maximizing Voltage measurement Accuracy:

* Noise reduction
* AVG (repetitive wfm)
« AVG #1 ( Hi Res)
* Peak-to-Peak (any noise, spikes, over-shoot ...): Peak Detect
* Diff. meas: Math 1-2
» Position‘s'as a “nulling voltmeter”
Placing the measured level at the center HOR graticule line
(Don’t be afraid to overdrive!)
Offset voltage: diff. between GND and graticule center
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(4) Scope:

Sl Mielott kicseréljiik a mérokabelt (— ARBgen méréshez 50€) ., BNC), ,Jkézratétellel” fedezziik
fel ,,mi1 1s van a levegoben™ (kapacitiv csatolas, az ember mint antenna) .. mérjiink 1s ( Freq ) ...

vagy afvaltva TRIG Normal., révid érintésekkel ( villogé Trig'd ) vegyiink ,.minta(ka)t”

Megjegyzes: a 2 csatornas merest, a Roll €s az XY modot, az Averaging rekord-felvetelt

(¢s a Realtime rekord-felvetelt €s megjelenitést), illetve a Math lehetoségeket,
celszertien, az ARBgen megismerese utan vizsgaljuk.

FFT 1+ 2 = n'.;u Tvde
Részletesebben frekvencia-tartomany: 2K FFT ... aliasing (Nyquist wall), windows
AR : « differencialis méréshez ( Lo = GND ! miatt ) Sub: 1-2 «
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oo, (SZUNET)

ME £SURE BANDWIDTH,
! NoT BAND WIDTH!

‘ I RN 1 i 443 1 }fhlu*
& gpq!d,co.uk gk

... PEABoDY FAILS To GRASP THE
METHeD OF TRKING A

g o . PEAK To PERK MEASUREMENT.
gould.co.
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Agilent 33220A Function/ARBitrary waveform
generator

20 MHz sine and square, ARBs; / modulations /
14-bit, 50 MSa/s, 64K-point DDS; variable-edge pulse

MOST nem

GPIB (USB, LAN), IntuiLink: WaveformEditor tendiu

ngilent Intuilink Waveform Editor

File Edit “iew Math Communications | Tools Window Help
- = | =] ‘ i B | w3 ¢ Equation Calculater

2 = e Agilent FIR Filter
L ‘ L _-l J 5NN Agilent Arb Pulse Maker

Tt 1053011 07

Import Waveform {Agilent Infinium Scope)
Impart Waveform {(Agilent 546w Scope)

built-in
HELP

BNC Connectors

(SYNC — always ON

POWER On/Off/ OUTPUT - On/Off)

Pwr on

default state:
Sine, 1 KHz

0.1Vpp @ R .=50Q

Out: Off ¢
FOP:

Fifty Ohm [50-Q] Party

OUTPUT
On/Off switch
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ARBgen - DDS: Direct Digital Synthesis
( @ constant f, clock-rate )

PIR : phase increment register

Phase ACC : accumulator

LUT : look-up table

frequency

chigital part:
num controlled osc (HCO)

... mint a CD lejatszo !!J

NRZ : non return to zero
AC : digital to analog converter
AIlF : anti imaging filter

mixed & analog pant:
signal (rejconstruction

. clata holding reg smoothing \
' (MRZ moce) filter

o

roll-off
spectral distortion

(sinx/x)

/

tuning word phase ACC /. cdddrass ,:;atau |
PAR e Lo
/ r m g
PIR: r LUT n .
ro-o =g / wa (sine '
1 1 +
D remy ! table) !
A — T .
oz I_;T‘:_I d ‘ : memory :
- - =1 f': : 1
referehce part: e ue:_":
HUENEY L pT phase AQ: amplitude
fc resolution . .
system truncation gquantization
clock 9 knumerical distortions
33220A :

Vill Lab_Intro / papay@hit.bme.hu

r = 64 bit, m = 16 bit (64K memory), n = 14bit, fc = 50 MHz
14 bit (16K memory)

FREQ resolution (int): 2.7 pHz

(2= 264 —24+10+10+10+10+10+10 = 4 103+3+3+3+3+3)
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ARBgen: Square, Pulse Wfm

Specialis modszer a Square hullamforma generalasara (ezért lehetséges az. hogy ennek max.
frekvenciaja megegvezik a Sine hullamformaéval):

Wavelorm Anti-Aliasing
DAC Filter
O VE
N\ /4 Wave
J {ug 1020 WHZ)
Comparaior
Threshoid Variable Duty Cycle:

]_]_u r__ oltage DAC
<c1.,-3¢ b_ 1L 20% - 80% (to 10 MHz)
— Square 40% - 60% (to 20 MHz)

{up 1o 20 MHz)
I

Specidlis hardver allitja eld a Pulse hullamformat:

[\";F‘GEDEI;\) "/Ed - K‘.
S 1 Ime
IWI Frzmﬂms Phase | 95- 100 MHz = Leading Edge lla Circut ,"I
Laock I ]
T ? | = || [
sl — Load N
| —Clzar +j_
Edueime Pi L FlipFlop ,:5 T
1.50_ % |
Width
+'-_.I'I‘H-..'T T{-Elm (\Ql:ulmlter .
-I—H T i IU, may " Load Traiing Edge
- e R Pulse
Period HL=wel Lo_evel Jldih up 10 5 MH
I
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Setting of the termination (R;) is simply provided as a convenience

ARBgen: Outp ut amphtUde to ensure that the displayed V,_ voltage matches the expected load :

1 ohm - 10 Kohm or High impedance,
the default R, is 50 ohm.

Agilent 332204 If you specify 50 ohm termination but are actually terminating
_________ 5_01; S into an open circuit, the output will be twice ( %2 !!) the value specified !!
A output termination (10 to 10 kL, or Infinite)

| =BT

Hitcgh &

Sine: 91" order, elliptical, inverse sinx/x correction, cutoff - 23.5 MH

1Wariable
vref (10dB) All other: 7t order, linear-phase, cutoff - 12.5 MHz
Waveform
DAC i Switchi
witching

) Attenuators Switchin
—\ Circuitr 9
D_ 4 Circuitry

0dB or 0dB or

-10dB [ | -20dB —H-ef] ... finoman
csatlakozni !!

Sguare/Pulse

DAG Output

1

1

1

1

1

1

DT Offset A . |
mplifier

DAC P !

1

1

1

1

1

1

4/ 0dB or

+20dB

OUTPUT On/Off
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ARBgen Output - 50Q source impedance

Displayed Ampl !!

Agilent 332204

BNC
connectors
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Why your function generator outputs
twice (1) the programmed voltage?

The default setting for Agilent function generators is to display the desired voltage
as though terminated into a 50 Ohm load.

When a high impedance device, such as an oscilloscope

/ is used to measure the output of the function generator,

FOP: the waveform appears to be twice the voltage
Fifty Ohm [50-Q] Party set on the display of the function generator.

Function Function
Generator Generator
0Q 1+ + 500 + o+
Vo
@) display <250 ¢ MU c display =~ Meeued
<V=Z*di5play 1 V=2*display
1'i"";rmn:a:usured =N ('2* d‘lSle_}r} vm,ﬂm,td =V=2%dis EZI'].‘EIE'
1I'IIF::l'Jl3ﬁ51.1t‘|3"5= dlﬂpla}’ Vm:asurcd = dlsplﬂjf

The Agilent 33220A function generator includes a feature
that allows the output termination to be set to any impedance from 1 to 10 k Ohm, or infinite.
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ARBgen - Front Panel

1. Function

| .
| Setting
2. Pal‘ametel‘s l;,‘ Agi“llt gﬁ%ﬁ?gi":l-‘llmlmf Wavelomm Gerbiats
3. Output
On / Off
Tuning

Graph or .—‘-.'.'j' "‘-i'_','l 'r::,"'| 'ﬁ:l 'ﬁ| i Criin) Knob and cursor
Menu mode 5) — Je— . T O keys
'EJ pwaep | |'-"-I (g | uose Sine Ot s | to modify the
Softkeys | _ae————— e s Square On/off | displayed number
to configure Mod —r Keypad
the Parameters Type: AM Pulsz to enter numbers,
' FM Noise and
...always adjust PM Arb (currently selected) Softkeys
Parameters FSK to select units
from left to right PWM DC ( ‘Utility’ key | DC on )
Source: INT
EXT | Sine | Square | Ramp | Pulse | Noise | DC Arb
AM, FM, PM, FSK |« . . .
Sweep Carrier
LIN or LOG PWM Carrier s
Sweep Mode . N M .
Burst Burst Mode . . . ) ol .
N cycle or
EXT_gated T Allowed in the External Gated burst mode oy,
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ARBgen Display: numeric vs. graphical views

Methods:

Menu Mode

VS.

Frequency / Duty Cycle

5@ ':' ns ﬂfﬁ‘? Period / pulse Width

. i .:_:—_:' -. ( Let the ARBgen perform
Functio PEHDD’ HIL ':'I L' 'L': £l [li i Ly = the calculation ...)
ram r
— a a e e s &ﬂmagfﬂmaamrpqde
Maimp Time Tim Pulze Pariod
f\“h" o o ﬁﬁlm m
numeric softkey display izt .
readout labels icon . o /"5 o o
Waeiom Demcrpaon Wivslorn Do

/ Press the key to enable 111{@%1‘;-.1[}11 Jl-‘luc‘lt)l'lm name of the currently
selected parameter, shown in the upper-lelt corner of the display, and the
parameter’s numeric value field are both highlighted.

P— 44
1.500 v
+500mY I %ﬁ;| s
1|Z| 000, 00ms - [ ) , .
Period Hievel Lolevel Width (SRR B 1o exit the Graph Mode, 1}1‘{1.«49;-15;91111.
K Parameters

/
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Scope / ARBgen :

GROUNDED
(non ,floating”) !!

R - —

ARB gen Power on:
default state:
Sine, 1 KHz
0.1Vpp @ R =50 O
Out: OFF)

FOP:
Fifty Ohm [50 Q] Party

»floating”

Scope

QuickMeas — _
Peak-Peak: ? i ,‘ @ @ ) ) ) (R

g v ) o) bufput: On

( out, 50 Q)

BNC/BNC cable ( 50 Q)
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ARBgen: output termination (12 to 10 k£, or Inﬁmte)

Utility/

Output setup

Trrsert F-h'.'a se DONE

% a terhel€s hatdsa: a legfontosabb, amire figyelni kell !

e ARBgen: Ampl: 1 Vpp, Output: ON

Scope: Auto-scale, QuickMeas: Peak-Peak: ~ 2 Vpp (?!!)

(Az ok: alap-beallitasndl a generator S0€2 terhelést tételez fel, valojaban 1 MQ a
terhelés: az oszcilloszkop bemenete.)

ARBgen: Utility: Output Setup: Load | High Z . Ampl =2 Vpp !
(Ahhozmpp legyen 5002 teﬂleleseu._ a
generator forras-fesziiltsége: 2 Vpp . Atdefinialva a terhelést a valosagos helyzetre
(,, kozel o0 1mpedancia: High Z7), az ARBgen display most mar a (vdltozatalan)

forras-fesziiltséget mutatja. )

key

. " akimenet bekapcsolasa elétt (a fix 50Q forras-ellenallas miatt) —
gondoljuk at a feltételezett terheld ellenallas (Output setup) és ahova kotjuk
a kimenetet: a tényleges terhelés hatasat !!
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ARBgen {Utility/Output Setup: High Z ]

e SINE e SQUARE

— Freq: 8 KHz — Freq: 1.5 KHz

— Ampl: 3 Vpp — HiLevel: 3.2V —

— Offset: 0 V <ij> — LoLevel: 0 V cmos 3'3"]
e RMS =7 * RiseTime ="?
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ARBgen:

© Jelalak (vagy modulaciohoz vivé) valasztas
shape: Sine, Square ... Pulse ... ARB (one_at_a_time)
Specialis: DC (,Utility/ 'DC on’)
® Paraméter(ek) beallitasa
Menu or Graph mode: Freq, Ampl, Offset ... Duty Cycle, Edge Time ...

Note: set the AC magnitude before setting the offset ! (or HiLevel / LoLevel)

A :
& Szemlélteto példa: kozvetleniil ARBgen Output (ON) — Scope Chl (BNC kabel) )

e Sine Freq, Ampl 2*/ Offset .. HiLevel / LoLevel
(Figvelfiik meg az oszcilloszkopon a paraméterek valtoztatasnak hatasat!)
e Square ... Duty Cycle

e Ramp ... Symmetry
e Pulse ... Width, Edge Time (— Scope: gyors sweep. ARBgen: Graph mode)

- 25 . . I
® Noise ~ (— Scope: lassubb sweep. ARBgen: Menu mode — visszavaltas)
. 26 . . i : 1 )
e ARB Select Wform: Built-In " : ... Sinc(=sin(x)/x),| Cardiac || SetFreq:
L ) 1(0.33)Hz =
Function Minimum Freguency Maximum Frequency 60 (180) beat/min
Sine 1 uHz 20 MHz Scope HOR:
Square 1 pHz 20 MHz
Ramp 1 uHz 200 kHz M mode
Pulse 500 pHz 5 MHz (no TRIG 1)
Moise, DG Mot Apphcable Mot Apolicable
Arbs 1 pHz B MHz
82
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ARBgen:

Syng (out) — a generalt jel periddusaval megegyezo négyszog jel

Sime, Ramp, Pulse: 50% - os, Square: a jellel azonos a ktsltés: tényezo

Modulacional a referencia a modulalo jel (mod source: INT), vagy a (belso)vivo (EXT)

ARBgen / Scope:

Scope: Auto-scale

+[Szemlelteto példa: két csatornas oszcilloszkop-meéres, Output: Chl, Syne: Ch2,
ARBgen: Store/Recall: Set to Defaults: YES ; (— Sine) Set: Ampl: 1 Vpp, Output: ON (1)

(a) Auto-scale utan vegylk le Ch2 Kabelt, es magyarazzuk meg a jelenseget
(Scope ...[Auto-scale nmuatt] Trig Source: Ch2, és megsziint a szinkron!)

(b) Visszatéve a kabelt, dokumentdlas (Scope):

LY
"2 Get waveform data {N“ of points: 500),

and make a graph : E E
4, 00E+00

3,00E+00 | A

2,00E+00 E——rT”
1,00E+00

0,00E+00 / \ ~ —— CHAN2
-1,00E+00

-2,00E+00 —_———

200 us/

Get single measurement :

Chl :Volts Peak-to-Peak (1) =2.063 V

% Agilest Techanlegies

Get Screen Image :

(... mert 1MC) a terhelés 500 helyett)

Ch2: Duty Cycle (2) =49.9 % (... mas idopont, ezért eltér Screen Image adatatol)

Vill Lab_Intro / papay@hit.bme.hu

83



Scope: Math
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Scope:

« Folytatas: Scope Math bemutatdsa (kétfajta jel is van, csak rovid dttekintés)
Chl: Sine *" — integralas, differencialas (a zgjossdg *° oka?), FFT
Ch2: Square — FFT (source: Ch2!) ... ugve. ilven kell legyen a spektrum
Math 1-2: ... mit varunk Y (Fontos: Math forrdsa[ 1 , 2 ]kiis kﬂpcsolhatﬁl)é

% Folytatas: Scope Main/Delayed : XY ( X =Chl /Y =Ch2 ) bemutatdsa ... miért ilyen
az abra ? (Figvelem: XY iizemod esetén Ext Trig bemenet maradjon tiresen !!)
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Scope -FFT:

Periodic sampling (fs: sample rate) — spectral replications (images)

N Pgint FFT

X(f)

Exampl
Tima Domain xamples

{n] Fiae Wive

{b] Squam Wars

e =
-

&) Carmpesd Fine Wenee

Winrn-s e
{d] Inplsa I .

{lPalmTRIn = T

Thirek

b—T—
{1 Bingia Pulia

jTL;m

X(f-fa) X (f-2fs)
. P
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Scope -FFT:

IORCI
O@E math 2K FFT (dBV vs. frequency)
@@ |

Press the Math key, press the FFT softkey, then press the Settings softkey
o display the FFT menu,

FFT Sample Rate = ANOMSa’s

- Spurce - Span Center
~ Sewee [0 St IO on | Freeet Mgt

Source Frequency Center PresetSpan  Verticaland  Returnto —_— set b
select Span requency and Cenler Window FFT  previous menu Ti ”;W
\ frequencies  controls [ S/ ima
s
1,2, 142, 1-2, 1*2 l i

Scale and offsat considerations
[Fyau da not manually changs the FFT scale or offsat settings, when you tumthe

harizontal sweep speed knob, the span and center frequency settings will FFT Scale FFT Offset ~ Window
automatically change to alow optimum viawing of the full spectrum. If you do f
mignually selscale or oflsel Wwining the sweep spaed knob will nol change e span J

nr canter frequency serrings, allowing ynu see beter detail around & specific Hanning {freq)

fraquanry. Prassing the FFT Preset softkeywill autnmarically rese ale thawaveform
and span and center will again automatically track the horizontal sweop speed
setring.

Flat Top {ampl)
Kectangular
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54622A Oscilloscope (Scope) - 2K FFT spectrum analysis

N (= 2K) point FFT: it
(1) Data capture (time record) /‘/Thmmﬂ\\ Ff\’\
T = N-At=10-"Time/DIV" NPt - f
T: capture time
fﬂht - 1”.'5‘ and fs: FFT Eamﬁ'le rate A Lowor Sompling Aote Improvos Bpoctral Rosolution
‘L & Foint FET
fs = (N/10)/"Time/DIV” /\/ % ﬂ)r \\
(2) Math: FFT (= DFT = Fourier series) 1
Span =fs/2 W Faint FFT
Resolution (Af) = 1/T = fs/N = 0.1/"Time/DIV” b /\/M\J\ /«/\f\
e Key performance specifications of the FFT ) -~ '

operation depend on the sweep time (“Time/DIV™) o T

FFT Units The readout for the horizontal axis changes from time to frequency (Hz) and the
vertical readout changes from volts to dB. FFT units (amplitude) will be displayed in dBV when
channel units is set to Volts

Mote: Once the function is displayed, the analog channel(s) may be turned off for better viewing
Aliasing Aliasing happens when there are frequency components in the signal higher than half
the effective sample rate. Components of the input signal above the Nyquist frequency will be
mirrored (aliased) on the display and reflected off the right edge
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Aliasing Artefacts

« Moiré Patterns
o Aliasing

\J v K/Yf \J V

e —

Car wheels

@G@@@@@
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http://www.dsptutor.freeuk.com/aliasing/AD102.html

Scope:

Time domain vs. frequency domain (At Af= 1/N; N = 2K)

—_— —R
=l T
=
= M

time/div = 200 us

Span = 300 kHz
Center = 250 kHz

—
!

FFT sample rate = 1,00 MSa/s

Al =1/ sample_rate

To turn OFF the time-domain
display: press “1" hardkey twice

l‘IJ'

imediv=10ms ~
FFT sample rate = 20 kSals

| Span =10.0 kHz

Cenler = 5.00 kHz

Thete are two (2) graphs shown here: valtage
ve, tima (over a 100 ms intervall and voltage
ve. frequency (in a “window” 10 kHz wide).

AT = sample_rate / N

change
the time/DIV

(i.e. sample_rate)
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Scope - FFT display

Time-domain

[VJ LU RED WA EFCIRR
'

[
Spectrum of a 8.
1 kHz SQUARE wave at B T =

CAPTURE TIME |
= in K TINET QI

FREGEHGY
HES%UTIQ‘J

Af= 1/ CAPTURE TIME

FRET FOURIER TRAHS FCRM [FFT| FREGUERCY

Window The type of “window” that is used to generate the FFT is important:
Hanning — for making accurate frequency measurements or for resolving two freq that are close together

Flat Top — for making accurate amplitude measurements of frequency peaks

Rectangular — good freq resolution and ampl accuracy, but use only where there will be no leakage effects; use
Wi ' aveforms (as pseudo-random noise, iImpulses, sine bursts, and decaying sinusoids)

Spectral Leakage [The FFT operation assumes that the time record repeats. Unless there are an integral number of

cycles of the sampled waveform in the record, a discontinuity is created at the end of the record. This is referred to

as leakage. In order to minimize spectral leakage, windows that approach zero smoothly at the beginning and end
of the signal are employed as filters to the FFT.
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Scope - FFT display

Example: Frequency Measurement (... an scillnsmpe scale Factors)

« Freq
« Counter (built

e Math (FFT)

el Agilent Technologie

4% ey
o™ - -

S

in 5 digit reciprocal counter)

= PIRIMT_ 01 THT - Mobepad

Bl Edit Foomat  Heln
Ml Ch Srate  unito o
—h 1 [=T3] =y P
Impedance
%ﬂ hm

Al oh
coup 11ng
[l

Frobe
ch 1: 1.0 1

ool

Hotse Raj
AT O (=l

Tt goar HFE Rajac
Edigs O‘f;

Slops  Lewal
RASTG AL

Ce=Ta
&l.l:‘p:'.:r

Sourss
ch L

Time Time fref
Matrn  cantar

Trigoar
Main = dbiw
5 . Oewts

sogquizicion wectors  Lnfindt
[Tyl

L= E
AnrEr aging 8

Fealtime
atf

NEM
hasznaljuk!!

Span oo cale
Zd. OkH= Hanning Zo0dBEws

TTTTTTTTTTaIT
® Count(1): 1.099%Hz

Zemnte=r

Math Source
1d. DkHxE

FFT ch 1

T

duﬂ«ﬁﬁmm

S LT Ot 12 vee o |

(press Math)
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Scope - Subtract : press Math / softkey 1-2

Subtract
When you select 1 — 2, Ch2 voltage values are subtracted from Ch1 voltage values point
by point, and the result is displayed.
You can use 1 — 2 to make a differential measurement or to compare two
waveforms.

To perform the addition of Ch1 and Ch2, select Invert in the Ch2 menu and perform
the 1 — 2 math function.

Scale allows you to set your own vertical scale factors for subtract,
expressed as V/div (Volts/division) or A/div (Amps/division).
Units are set in the channel Probe menu.

Offset allows you to set your own offset for the 1 — 2 math function.

The offset value is in Volts or Amps and is represented by the é;al;a 'Df'ffm

center graticule of the display.

Subtract | Setrings
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Scope : Measure voltage across R1 ( R1=3K,R2=2k ) > Math:1-2

ﬂRONG " S Frobe Tie - >
J. S '*-'rp.-..._._.._

(ﬁh.-“' HFECOHG AT

\ y w“:““:.u":;.";';s;;?mﬁ:“a:f;a, NEM lebeg

EH 1 ok

RIGHT: — = Math: Ch1-Ch2

Gen F"\_.-" RICHT H&T CH.2 Proks i . R
i = | L Y EY

T 2. mérés:
_L Fight weg to measure »oltitesges scross RL Alapmérések
= Ground lzad of THel & CH.Z2 commected to circult sround 2 2

»Tapegység IC”

Ch1
Ch2
: It 1t
(Average: AVG #8) 1vy- (2/5)=0.4V Math: Ch1-ch2 (1-8.4)V=0.6V
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Scope - Multiply : press Math / softkey 1*2

Multiply

When you select 1 * 2, Ch1 and Ch2 voltage values are multiplied point by point, and the
result is displayed.

1* 2 is useful for seeing power relationships when one of the channels is
proportional to the current.

Scale allows you to set your own vertical scale factors for multiply
expressed as \/*/div (Volts-squared/division), A*/div (Amps-
squared/division), or W/div (Watts/division or Volt-Amps/division).
Units are set in the channel Probe menu. 1*2 1°2

Offset allows you to set your own offset for the multiply math function. Scale Oifust

The offset value is in V* (Volts-squared), A’ (Amps-squared), or W
(Watts) and is represented by the center graticule of the display.

Multiply | settings
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(1) ARBgen : Sine / Scope: Quick Meas - Rise Time

The analysis begins by computing a histogram of the waveform (wfm) data; for example, the histogram of a wfm
transitioning in two states will contain two peaks. The analysis will attampt to identify the two clusters that contain the
largest data density. Then the most probable state (centroids) associated with these two clusters will be computed to
determine the Top and Base reference levels.

Raximum i i %

top /_\ i 4 -
Upper ‘Ehreshold
180 % Anplilude)

|
50 % [ruie-sial i

ampl Feliris

L HISTOGRAM: ol

Lowrer 'Fhres-h ald -
10 % ﬂTpIitqu-]' o

7 e

i S

|
— s Hse af — — : - R

Once Top and Base are estimated, calculation of the Rise and Fall times is easily done. The 90% and 10% threshold
levels are automatically determined by using the amplitude (ampl) parameter; the vertical interval spanned between the
Base and Top line is subdivided into a percentile scale (Base = 0%, Top = 100%) to determine the vertical position of
the crossing points.

The time interval separating the points on the rising or falling edges is then estimated to yield the Rise or Fall time.

The right signal to test Rise an Fall time measurement

Sine waves have a predictable shape and, theoretically, known timing parameters such as
Rise times (and Fall times)

arcsin(0.8)  0.927295218 § 0.2951672
7 - Freq 7 - Freq Freq

0.3- Period A ~1us
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(2) ARBgen : Pulse / Scope: Acquire - Peak Det

-5 Agilent Technologies

Pulse, 100Hz
Rise: 5ns
Width: 20ns

ARB gen
Output: Pulse

|

Keskeny tiiskék
»lassu” jel

F I ﬁgllent Technologies
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ARBgen: Pulse ... folytatds — Scope: Quick Meas

ﬁgllent Technologies

ARB gen
Output: Pulse

ARB gen
Sync

Felfutasi id6

Trigger
(négyzet-szabaly):

43,5 =6.1ns Impuzus szélesség

merese
(2£+1#): 15.66ns ) (Rise(1): B6.75ns ) +Width(1): 19.52ns
Mormal l Peak DE\LA\FHM “g # Avgs 'I H-E:ﬂt.“ﬂ:
vl
l 5ns/DIV sweep-nél mar NEM hatasos a Peak Det
Meas uzemmdad (... ezt tudja az oszcilloszkop!)

Delay - settings

Vill Lab_Intro / papay@hit.bme.hu
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ARBgen: Pulse ... folytatds — Scope: Realtime

Agllent Technologies

Jitter
(“wobbling” edges)

5ns/DIV sweep-nél mar NEM hatasos a Peak Det
uzemmdad (... ezt tudja az oszcilloszkop!)
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ARBgen: Pulse ... folytatds — Scope: Averaging, #Avgs 64

-+ 5 Agilent Technologies

Persist

D;play
Clear

f\tlagolés
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(3) ARBgen:

Modulaciok bemuratdsa

Eloszor a vivé-t kell kivalasztani ... pl. Sine

& Szemlélteto példa:

e Mod Type: AM ... Type: FSK _
Allo abrahoz: Scope TRIG mode: Holdoff
e Sweep (LIN) ﬂ

e Burst (N cycle) ... Cyc: 1, 2. Evizuélis Jelmény” — ARBgen display: Graph Mr::n:le]]

Store/Recall — 4 memoria hely van

.The ARBagen stores the selected function, frequency, amplitude, dc offset, duty
cycle, symmetry, as well as any modulation parameters in use.

The instrument does not store volafile waveforms created in the arbitrary waveform
function.”

Utility — / csak ezeket hasznaljuk ... /

DC off | on — de 50Q a forras-ellenallas (1)
(Output Setup Load/HighZ).. | (polarity) Normal/Invert

Range: Auto (!!) — maradjon!!
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Agilent 3630A triple-output Power Supply

max 6V, 2.5A; max + 20V 0.5A (output tracking)

Constant voltage (CV)
and current foldback (CF, +6V) / current limit (CL, £20V) modes
Digital voltage and current METERs

i COM +20V L
Overload 7(% T %T-L % -
LEDs common —L_ | (earth)
2 - Ground:
'# Ay e Eﬂﬂ,f::“'* 10V 0 LA - GND
POWER - - — e ﬁ"-‘-'uu-
On/Off el _
— . Tracking
=T 16V : ratio
- __"*- (fixed !)
| * Banana
First step: connectors
METER
select !! max +6V COM +20V 20V +==5

msznéljuk !!J
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Power Supply - max + 6V output

[
4ueun?®

overioad
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Power Supply: + 20V output “tracking”

® The Sets the 0 to +20V and the 0 to -20V outputs simultaneously. With the
Tracking ratio control tumed fully clockwise to its “fixed” position, the voltage of the

negative supply tracks the positive supply within 1%, giving balanced positive and

-------------------------------------------------------------------------------------------------------------

: Example: Press the +20% METER button (to display the +20V output) and adjust thel +20V control )
knob to set the positive supply to+18V. Press the -20V meter button, the METER shouldrea :
: The positive and negative supplies are balanced : 215V

------------------------------------------------------------------------------------------------------------------------------------

Fower Supply 1 Power Supply = +6 V
-------------- SR
“1” METER ................... >
“2” ADJUST -
______________ - Y
“3” Connect
(COM, V) common (COM)
= 4y

e Tuming the Tracking ratio control cluckwme t::-ut of its fixed position allows you to set
the voltage of the -2C = Inity) of the +20V supply.

Once this ratio Is set, the QDV r::::ntrol st II c-::ntr:::ls both outputs and maintains a constant
ratio between their mltage,}.
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Power Supply - Overload

A — e (2) Voltage

AD T
Overload JUS
LEDs max +6V
max +20V
Tracking
: ratio
L (fixed !)
+6V COM +20V 20V by
= max 2.5A j é " —
) y ezt hasznaljuk !!
max 6V I ;” _
" =T /ﬂ:ﬁ. If overload conditions occur, the 20V
i - supplies will protect the load by limiting the
oV —p e+ current to 0.55 A and the( +6V supply )will
maa 1A == | protect the load by reducing both voltage and
ez s anae | CUITENE Simultaneously along the foldback
e locus as shown in Figure.

Jurrent Limit Charscteriatic of the 8V Supply
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Agilent 34401A digital Multimeter (DMM)

6.5 digit resolution (!); autoRanging; autoTrig

Voltage:V, Current:I, Resistance: {) ( 2Wire, NULL feature, 4W )
True RMS AC volt and current (ac coupled !)
Frequency, period; Math, Data logging

GPIB, IntuiLink: Toolbars

Agilent IntuiLink Multimeter ]
- Aailent Mulkimeter | fa | 58 | | fino] | T, I = | 2]
Agilent IntuiLink Multimeter ] (EXCEL)

5 aglent Mutimeter | g 1 g 25 | )
F A WORD

[sample]

Annunciator

(autoTRIG) Hi (red) Banana

Lo (black) [ connectors
POWER

On/Off — ——

Pwr on default state:

DCV

. o
Terminals

[

JIL Front

L, fizan
™
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DMM - Front panel

© FUNCTION ( default sate: DC V)
® RANGE (Auto/Man A v), ® DIGITS ( Shift 6/5/4; masking: <>), @ TRIGger ( Auto )

Hi (red)

Lo, COM (black)

Temminals

* [sample] ! g
annunciator [

JIL Front

= oo
™

“DMM - The Swiss Army knife of test”

———
— e —— —

] FUHCTION | SMATHT \\I
n4W Period | dBn
[Hull ] [anﬂxi !
5555555555555555!-!511.[!5:5:5:5:;:;:;:;:;:; £ RANGE T T '
Do el | 4 : Futava
" hallcaliFal o
L o | LocaL

-— s =’
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DMM:

Math Functions

[To make null (relative) measurement Null ]
Min
To store min/max readings Max
To make dB measurements Shift\ dB
DCV dB = reading in dBm - relative value in dBm

or

AC Vonly
To make dBm measurements Shift\ dBm

dBm = 10*Log,, (reading ?/ reference resistance/ 1ImW)

Limit testing (Access through Menu )
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e ile 344014
Agilent B2 DI limeter

DMM - Front panel menu

FUMCTKON

Press: Ot JLLQ:-' E f—'

[

+ choices

a:MEAS (B Math > C:Trigger > D: Sustem > E:1/0 > F:Dal

v \

1-filker 2 | | 1:Min-Max
‘ ALY

choices

Min » Max = &wg * Count

choices
A MEASuUrement MENU
1: ACFILTER = 2: CONTINUITY = 2 INPUTR = 4:RATIOFUMNC = 5: RESOLUTION

B:).mTH MENU

15t |ewed

ent
(menus)

2nd | evel
{1 2L
(commands)

3rd vl

gl
(parameter)

Fxecute: Enter

10 MIN-MAX = 2: NULLVALUE =+ 3:dBREL -+ 4:dEmREFR -+ 5:LIMIT TEST —+ &: HIGH LIMIT — T: LOW LIMIT

Vill Lab_Intro / papay@hit.bme.hu
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DMM - Display annunciators

~ AGILENT

HEWLETT

44401A
ol PACKARD WULTIMETER

* [sample] .
Annunciator '

. % 5 W
-1}
KEEE
Shift

(autoTRIG) Tig  Hold  Mem Ru1|n Maih ) [ERFIR] Reor
i Turns on during a measurement.
Adrs Multimeter is addressed to listen or talk over the HP-IB interface. )
Rmt Multimeter is in remote mode (remote interface).
Go to Local . — . T
Man Multimeter is using manual ranging (autorange is disabled).
|m| Trig Multimeter is waiting for a single trigger or external trigger.
— Hold Reading Hold is enabled.
Local Mem Tum_s on w_he_n reading memory is_enabled. MENU
Ratio Multimeter is in dev:dev ratio function. <— \%
< Math A math operation is enabled (null, min-max, dB, dBm, or limit test}.)
ERROR Hardware or remaote interface command errors are detected.
Terminals Rear Rear input terminals are selected.
) Shift “Shiit” key has been pressed. Fress “Shift” again to tumn off.
W Front A Mult@meter @s @n 4-wi_re [:_Jhms Tunctiqn.
" e (‘*ll Multimeter Is in continuity test function. )
- - Multimeter is in diode test function.
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DMM - Basic functions

DC: ,direct current”

Eg@ko m po N e N S AC: "alternating current”

V: volt (!!)

POWER Egyenkomponens

( Pwr on: , - ’ ;s
default nelkuli valtakozo jel
state:

valodi effektiv értéke

DCV)
7= Ellenallas (2Wire)
) FUVOHM

nmg_

-!l}l.lu-h +_ G "':ﬂ"-.
hﬂ n ! AL A D At
“DMM - The Swiss Army knife of test”
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DMM Functions — Banana connectors

DC V, AC V:.

Voltage measurement:

_H

10 Mo,

O e’ —
o &: LO (commen)

Mote: to Measure Frequency: F (or Period: T) use the HI and LO terminals

marked 1000 V Max (as you would for voltage measurements). The meter can

measure frequency from 3 Hz to 300 kHz (period from 0.33 sec to 3.3 msec).

For frequency and period measurements, ranging applies to the signal's input

voltage, not its frequency!

Q 2W: 2 wire (2\W) Resistance meas:

Two-wire Resistance
Measurement
i

HL1

_.—
A EQ‘fused
on rear parfel o
'3
/s F%v i re: Hesist?nce L 2
. 3IFEITIEI'I ﬂ-m‘l
. . Sense
W
¢, Q4w
L 2
‘0
Q®R=VI1 0‘
2 L

Uzemmod valtas elott: vezetéket bontani (kivéve: DC V, AC V)

Vill Lab_Intro / papay@hit.bme.hu
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DMM - DC V (dc coupled)

Range (DIGITS) vs. Integration ( AVG ) time in PLCs

~ Do not provide

power-line noise
rejection

Resolution Choices Integration Time
Fast 4 Digit 0.02 PLC o Fastest, least accurate
* Slow 4 Digit 1 PLC \
Fast 5 Digit 0.2 PLC
(* Slow 5 Digit ‘defauft) 10 PLC )
* Fast 6 Digit 10 PLC
Slow 6 Digit 100 PLC  Slowest, most accurate

* These settings configure the multimeter just as if you had pressed
the corresponding “DIGITS” kezs from the front panel.

< 1 RANGE T =

VA~ )

|shit

Integration time is specified in number of power line cycles (NPLCs).
The choices are 0.02, 0.2, 1, 10, or 100 power line cycles. The default

is 10 PLCs.
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Power Supply / DMM - DC V:

l.-le
Pnc 1
.II_I : EEY pl

& SzemléltetO példa: a tapegység elézoleg beallitott értékeit mérjiik (piros, fekete mérdvezeték)
- Tapegyseg +6V out merese, — Mereshatar: ., Auto/Man™ (Man annunciator turns

— on), ezutan ,, v ... OVLD [display], ., A “(optimdlis tartomany!)
S won yasea  Megtartva ezt a beallitast, 20V out mérése: OVLD, — Range: ..Auto/Man™
— ' (Man annunciator turns off) ... a tovabbiakban c€lszerti auto Range
Vesslk dssze a ) ) o . . .
Tapegység indikator | - Felbontas modositas: ,,(shiff) 6 / 4 /5" (figyeljik meg * [sample] annunciator
s 8 M“'gg"aﬁé‘“i’trl gyakorisaganak valtozasat!) ill. a digit ., maszkolas™ (“ <™. “ > ") hatédsa

- MEérés inditas (TRIG): ..Single™ ? (Trig annunciator turns on). — ..(shiff) Auto
Hold” (Trig annunciator turns off) ... ¢g€lszerii auto TRIGger

Megjegyzés: Hold allapotban (Held annunciator turns on) ,.befagy” a kijelzés (!). és 1y
érték (sipolva) csak akkor jelenik meg, ha a rogzitett érzékenységi-savon
beliil. egymast-kévetden hdrom meérési adat fordul elo.

Példaul, kapesoljuk be ' a Hold allapotot, majd +6V out mérése, majd
ismeét +20V out mérése; ezutan kapcsoljuk ki : ,,(shift) Auto | Hold”

% one reading: press Single
10 default state: 0.1% of reading (— Trig MENU)
! (shift) Auto/Hold toggles between auto TRIG and reading Hold
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DMM - O 2W meas

unit: AN Sens /1 V Q
DISPLAY  xomr [ scic .|| O O
[sample] Annunciator quioTRIG) - - f 2 w = 2 W1re>
| FUHCTION —=——— S MATHT
DCl ACH a4w o Paiod B A 4B dBrm O LO
bcv | [ ) @. N — _
SEEUEME T o RANGE T L OI
I R ¢ : 6 AuoHdd A o
O NI (D] (ban] oo, (SR
L e T B 1 TRIG LOCAL  ———————————--
~ 1.FUNCTION: Q 2W
e

« RANGE (auto)

« Digits ( Shift 4/5/6 )

* TRIGger ( auto)

a BEkapcsolasi alaphelyzet | -
maradjon !! 7, Cornnectior

BEkapcsolasnal
ez aktiv: DC V

( most meg kell
valtoztatni !!)
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& DMM - Szemlélteto példa: Q 2W

1. Két osszekotort mérévezeték ellenallasanak
merese ... (% 45 mQ),

ezutan

Math: Null ( Math annunciator turns on ):
Q 2W mérésnél a mérdvezeték hatasanak
kompenzalasa

( 2. Sajat test ellenallds merése ... )

egyszeriibb KEZZEL
begépelni az adatot ...

/3. Dokumentalas: e-Jegyzdkonyv (Word )

Agilent Intuilink Multimeter x
{‘,.% Aglent Multimeter % ﬁ' .I—ll‘ﬁl E?:]

/

Vill Lab_Intro / papay@hit.bme.hu
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DMM - WORD: Tools | Templates and Add-Ins... AgtMMtb.dot

( ha nem latszik — View | Toolbars : V)

Agilent IntuiLink Multimeter
5 aglent Mulimeter  Tg [
: P

E Connect to Multimeter

Connect to Multimeter

- Select Addiess(es)  ldentified Instruments on My Comput
&

COM1 Multimeter 244204  HEWLETT-PACK.. GPIBD:7:
COM2 % Multimeter 344014 HEWLETT-PACK. COM1:Ba
| I m

Iy Computer Instrument(s] with Instrument Type in bold are supported

|dentify |
Instrument(s] Connect Disconnect Connected

\

Agilent MultiMeter
toolbar

ﬁ Set Multimeter Functions for single readings,

Set up Multimeter

]|
Function:

Resistance (4] |«
OC Current
AC Current
D Ratio
Frequency
Period

| Thermiztor (5k)
RTD (Type 551 7

Range: Fesalution:

| AUTO j | 4 digits

[

Y

[-CIIEC]S__ VL Use Instrument Settings
A

=

J

Get bultimeter Seftings

A manualis beallitas
legyen érvényes !!

Ok Cancel

R

Get Single Measurement

WORD

check ‘With Engineering units’,
do NOT check 'Do not show this dialog® Il

Save as ... G2 drive !!
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DMM - {lizemmod valtas

Fesziiltség (V) mérésen kiviil ... < N

Eltéré iizemmod kivalasztashoz el6szor sziintessiik meg a kapcsolatot a
meérendovel (6sszekotés bontas!), csakis ezutan valtsunk izemmaodot.

“The fwisfss army Univerzalitas: aram (I). ellenallas (Q. 2Wire / 4W) (Freq. T (=1/F, Period))..
knife of test”
FIGYELEM: 1 :meg kell szakitani az aramkort ( ... biztositek!)
Q : szeparalni kell az alkatrészt

+— o e I, Q iizemmodban NE kapcsoljunk ra fesziiltséget !!

- .
ARBgen | Sissssasz. F(T) :a HI/ LO -ra kapesolt fesziiltség frekvenciajat ( ill.
(BNC out!) ° (Banana in!) periodusat ) méri — ,reciprocal Counter”

E ¢ F (T) modban RANGE a fesziiltség tartomanyt allitja!

| AC mérés (V. I): AC csatolt igazi RMS érték (,,AC coupling true RMS™)
i MEAS menu : AC coupling FILTER: 3 Hz [slow], 20 Hz [medium], 200 Hz [fast]

| (DC offset up to 400V, CF: crest factor max 5:1 (@ full scale)
|
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ARB gen / DMM (1): Measuring DGV (dc coupled) CAUTION:

Do not exceed the maximum
allowable voltage input (1000V

_AVerag €. Protection Input divider pifs a(l:s)o over abolv & voltade over
integrating A/D circuit signal within the current inSEtytermina% (1)of
eliminates AC % amplifier's yéange D)
N
]
| ARBgen / High z
Referenc DC mput
Voltag amplifier
1 KHz
° * (BNC ! 2 Vp-p
' anana !! el Q) AC
a EHoooooo 10 MQ2 ) 1
ooocoo OO — 1Vdc
- (offset)

O, N W
|
|
o'-
7 S
)
,—..O
|
|
|
|
>
.31\3
o <
N9
<o
=
3
7

_ Signal
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DMM: Integrating (dual slope) A/D

1) Converts voltage to time to digits R1 v
2a) Integrator is a VX(1) 7t
line-frequency filter
2b) Integrator is Vref o« -
a IOW—paSS filter |ntegrat0|’ Comparator CPU
Integrator:

Vout= ‘==
C
0
T T+To '
Vref dt vx _Io
Vxdt = §VIe T*Vx= To*(-Vref) —
-Vref T

T
T is fixed at one cycle of 50 Hz or 60 Hz to eliminate power line noise;
Vref is fixed; R, C and Time are all ratioed, so accuracy is excellent.
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DMM - DC V (dc coupled)

Range (DIGITS) vs. Integration ( AVG ) time in PLCs

~ Do not provide

power-line noise
rejection

Resolution Choices Integration Time
Fast 4 Digit 0.02 PLC o Fastest, least accurate
* Slow 4 Digit 1 PLC \
Fast 5 Digit 0.2 PLC
(* Slow 5 Digit ‘defauft) 10 PLC )
* Fast 6 Digit 10 PLC
Slow 6 Digit 100 PLC  Slowest, most accurate

* These settings configure the multimeter just as if you had pressed
the corresponding “DIGITS” kezs from the front panel.

< 1 RANGE T =

VA~ )

|shit

Integration time is specified in number of power line cycles (NPLCs).
The choices are 0.02, 0.2, 1, 10, or 100 power line cycles. The default

is 10 PLCs.
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ARBgen / DMM (2): Measuring ACV (true RMS, ac coupled)

DC proportional
to RMS value

AC to DC
Converter

AC amplifier/
attenuator

ofdooooo ®
(=]

_ Signal
Vill Lab_Intro / papay@hit.bme.hu

AC coupled:

Coupling Capacitor
blocks DC;
only lets AC signal through

ARBgen / High z

1 KHz
+ (BNC I 2 Vp-p
anana !! =l Q) Ac
1 MQ | 100 pF)
_=_1Vdc
- (offset)
3
A A —mm=-=-=---
1%_1 Vdc ¢ 2 Vp-p=
0 offset 0.707Vrms
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Vpeak = 1.414v 1733V

DMM - AC V (true RMS: Root-Mean-Square, ac coupled)

, : \ 17
* RMS is a measure of a signal's average power Vo =,/7IV2(t)dt = AVG (V")
0

« An AC Voltage with a given RMS value has the same
heating (power) effect as a DC Voltage (with that same value)

» All the following voltage waveforms (wfm’s) have the same
RMS value: 1.000 VAC on an RMS meter

/\ | 1v 1v
AN AN

Vv |

Sine Triangle Square DC  wfm -
1.414 1.733 1 1 Vpeak All =1 WATT
1 1 1 1 Vrms
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Mc¢erdhely kikapcsolas

1. Miszer(ek) — Klkapcs.

2. Szamitégép (Win2K) — Shut Down ...
... €¢s megvarjuk (!) , amig az
aut. kikapcsolas lefut

A mérdkartyak \
adapterei
NE maradjanak a
konnektorban ( ! )

... €s rendet rakunk (kabelek, stb.) a mérés utan
(ne melegedjen a traf()))

3. Mérdhely tap-eloszté — K
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T hear...I forget; I see...I remember; I do...I understand.” cusssms

In theory, there is no
difference between theory

and practice.
But, in practice, there is.

Jan L. A. van de Snepscheut

Here is a mnemonic for the decimal expansion of TU.
Each successive digit is the number of letters in the corresponding word.

How I want a drink, alcoholic(?) of course, after the heavy lectures ...

TU =3.14159265358 ...
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