Info. MérésLabor 2. targy
(tavaszi felev)

 a Targy

... kovetelmények és szamonkéres

o ( Mérések / merocsoport (2 f6)
... sajat idotabla
N
%"T"
 a Munkahely TEST

... Szakszertség, biztonsdg (! alairas !)

alapMiiszerek kezelése
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a Targy — Mernoki/gyakorlati munka

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

Jegyzet: van (Mérési utm., Miszerismertetd)

WEB lap:

Ot helyszin: IB413, IE226, IL107, V2/405 a,b
3 (4) 1dopont (kurzus) ...
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http://www.mit.bme.hu/oktatas/targyak/vimia216/

Kovetelmenyek:

B+5 mérés, 1 ellenorzé 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 blindk”):

« Késés ( hianyzas?? )
« Késziiletlenség — Potmérés
« szaKszeriitlenség (csak 1 Ichet)

Szamonkeres:

B, 1. mérés: nincs osztalyzat
2-5. mérés: egyéni Hazi feladat WEB laprol
kozos e-Jegyz6konyv ( magyar! )
kiilon-kiilon (!) osztalyzat
Ellenorzé 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
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a Munkahely:

Balesetmegelozési
és tiuzvéedelmi rendszabalyok
betartasa

Lasd még: Hirdetotabla
! alairas !

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

| Meérohely tap-eloszto bekapcsolas,

szamitogép be(!) ...és varakozas(!),
miuszer(ek) be/ki kapcsolas
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Mc¢erohely bekapcsolas

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

1. Mérohely tap-eloszto — BEkapcs.
2. Szamitogép — BE i
... ¢s ,magara hagyjuk” (!), amig az et 3
aut. konfiguralas lefut (,,fekete ablak”) {

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

MOST: a miiszerecket a bemutatas sorrendjében
kapcsoljuk be (,,itemezett” miiszerkezeles)

Ellendrzés: a merdhely rendben ...
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LAB basic HW Tools ...

alapMiiszerek kezelése

Szerver;
e-Jegyz6konyv

i h""lnlut&iﬂ

FClLaptop

Internet GFIB
controller GPIB
(USB) address
“Waveform Editor"
\EWGP'B | B2357A —
trrTr—
» ==
manualis n s e S p—
£ i i 4 ol a |
kezelés ||'M88 ; TS i s |
= Scope Ei 5 i
[ N N J | _ |
546224 344014 33220A o\ EIEHA
— ouT
(! ||u|a'-'-.;; {device :
e ] under test) .
Manual PS -
E36304 =
METEX
ME-22T DMM —

» Toolbar ggdd-ins for Word, Excel (Scope, DMM, [PS])
# “Waveform Editor” (ARE gen)
& “Data Capiude” (Scope)

1

| | 34 channels: 100 MHz state (54¥

I 250 MHz timing (128K) analysis
Connects via parallel port

|

|

Single-screen user inferface
| the most commonly used features,
and the captured dats, are
avalable on one screen |

E9340A LogicWave PC Logic Analyzer

Scope
54622D
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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
— > Hardware protection
@!‘!__} > Backwards [Forwards compatibility
- | e -mmﬂ,;m
| Sy T “ T B The optimal
' - — : VWXl PXl use-case-specific
LAN-based ~ - -
instruments instruments Cardcage
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

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)
 jegyzokonyvet NEM nyomtatunk

— e-mail, floppy ... pendrive(USB)

e mas jegyzokéonyvét NEM hasznalhatjuk
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a Labor nem zértosztéla

Motto: ,,Bolondbiztos rendszert csak a bolondok hasznalnak”
Folyvomanva:
e a HW elronthaté — 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”

Y , Ez sulyos
Muszer kezelés: SZAKSZERUSEG és BIZTONSAG fegyelmi
e csak a sajat eszk6zok hasznalhatok (mas mérdh tabu) vetseg ...

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

Szamitogép hasznalat: MUSZER-KAPCSOLAT és e-Jegyzokonyv
e manualisan kell beallitani a miszereket: 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 letdltes ... stb.)
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/O interface: USB/GPIB
Plug-and-Play (PnP); Transparent interface

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

——

g —
NEsamn el “"’“) |
( 82357A || Scope address: 7

VISA Name  SICL Name

USH Port
=i 1) ek
GPIBO “0pib0”
”.“
prsmssmssmssmsmnnnsanannn o
| VISA assistant £ seeees -~
: 10 config ! Logical Unit: 7
IS IS SN SN ey Bus address: ﬂ

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

USB = Universal Serial Bus

GPIB = General Purpose Interface (Instrument) Bus
HP-IB = IEEE488 = IEC625

InfoLab Intro / papay@hit.bme.hu 10




USB/GPIB

InfoLab Intro / papay@hit.bme.hu

USB < GPIB

atalakito
82357A
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IntuiLink connectivity SW

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

- 1lntU|L|nk
Jr==rllF 7™ - — ]
PC application software

Word, (Excel) Toolbar

A M Agllent 54600 Scope

. . Agilent 54600 | T | B s @ | El
Direct 1/0
{native instrument Excel, (Word) Toolbar
commands) Your
computer 5 agilent Multmeter | 5y | T | ‘ w1 s 0w
100% ent —WHm-EDITOR—
sﬁ““! o ngilent IntuiLink Waveform Editor
“'l bﬂlﬂ Fle Edit ‘iew Math Commurica tions | Tools Window Help
cab? DS U8 oa]o: e
R e A;'\ it Arb Puise Maker
Tektranix TDS 3014 DPO
Impork Way Frm(AgI nk Infiniium Sc p)
1/0 suryﬁare (VISA) | | ey
—| Physical interface

I
[:umma t wer IiFIB
S R5-232, VX

Physigal interface other F"‘f Interfacg

%
12%:1-.1? \ Your instrument
ca

InfoLab Intro / papay@hit.bme.hu 12



e—J egyzc’ikﬁnyv / WORD / A jegyzékényv ékezetes betiikkel késziil!

(vaz < szerver) Jegyzokonyv iras el6tt ellenérizziik a halézatot!

connect

WORD /
(IntuiLink Toolbar)

Agilent 54600 Scope |

- Agilerkt 54600 | ¥

' Agilent Technologies

SPECTEUM
| FFT (= “Fourier sor”),
most nem hasznaljuk

1
Max(MI: -15.3dBY ]
MoatMaxiMI: S.00kHz

VA

FFT 3 Hate = 40.0kSa.'s

_oime ) O )"
» (press More FFT)

spectrum ‘ Word S
: Text box

1
(press Math / FFT)

InfoLab Intro / papay@hit.bme.hu 13



e-Jegyzokonyv: kod . doc. Word file

3:IL107Lab | |
; - NAP: h, Kk, s, ¢, p
i BV de: délelétt, du: délutan
kéd - file név - konvencié: I 3 s du 02 / .doc
"
Save as ... szerver!! 2
Mér6CSOPORT: 01, 02, ... 08
11,12, ... 18

e-JegyzOkonyv (vaz): szerveren

a jegyzokonyv ékezetes betiikkel késziil!

InfoLab Intro / papay@hit.bme.hu 14



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

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

InfoLab Intro / papay@hit.bme.hu 15



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

InfoLab 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) :

17



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

ﬂROT 1

(ﬁh.-“' HFECOHG AT

VML 1 Frobe

Tie - -

\ y w“:““:.u":;.";';s;;?mﬁ:“a:f;a, NEM lebeg
RIGHT: ¥ " o Math: Ch1-Ch2
Wy, T ) :T—| I |

Fight weg to measure »oltitesges scross RL
Ground lzad of THel & CH.Z2 commected to circult sround

Ch1
Ch2
: It 4
(Average: AVG #8) 1vy- (2/5)=0.4V Math: Ch1-ch2 (1-6.4)V=0.6V
InfoLab Intro / papay@hit.bme.hu 18



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
floppy-disk; GPIB, IntuiLink: Toolbars; PataCapture st

;,? 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, ZRKTET\

______ froppy-disk; GPIB, IntulLlnkToolbars  Data Capture; 1057 ner
54622A DSO) +

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

= = e Agilent 54600 Scope ]
[——— z
2. Agilent 54500 | tE | K o @ | 2)

(WORD, EXCEL )

Probe comp (CAL)

Output :
SQU, 1.2KHz, 5V

MOST nem panel (!)

Ch1 , Ch2 hasznaljuk

InfoLab Intro / papay@hit.bme.hu 20



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 ...

(BNC kabel bekotve) e
InfoLab Intro / papay@hit.bme.hu




Scope (graphic voltmeter) ... a “mental model”

WAVEFORM SEGMENT

A4 ( TIME DOMAIN )
COUPLING Vertical
Amplifier Vertical
VOLTAGE ’—‘,:a_| \ AD Conv. . MEM o) In
N -
INPUT 7 . =
DC A —_—— :
g:; ’ 6£GSIUG | Horizontal fﬂ:
CE i In i Yortemmiv
VERTICAL | (X) )
|_sample rate, TN
T e Time TimgWIV | | &
1 , Base D|5p|ayr
EXT Int L !
TRIG :}, « '® Trig

capture single-shot wfm

Delay _Time

Division

TRIGger: to stabilize repetitive waveform, and HORIZONTAL

InfoLab 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)

INIOLAD 1IN0 / papaynit.ome.nu 23



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

(3) Trigger
[ AutoScale ]

Run/Stop
[ MegaZoom |

Waveform
Measure
Math

Display

54622A Scope - Front Panel

dedicated knobs

( Time/DIV, Delay Time (4»))

Measure
keys

AN

\

1

f’l,,r"fl

H (e ronem \_mm—@m

100 Mie W [

===y

Run
controls

dedicated knob

— SINO) (Trigger Level)
f ¢~ anyersar &L @ geer Leve
: I'IT.r",.I' : ‘ 0 P-_— iy —4 Lo ——— |r )
L knob T o () ()| | @ Trigger 3
““;‘;‘.“.‘” || @ E -n@ _ i cnntrnls( )
. Aumscale-—" —r— : "“ ASAC)
® ke 04 P T i
e I ns?® ' ) '. } \
Softkeys ey gl ey . Utility
/ \ 0140 . = " ey
"i "@2 Ll ——Probe
n @- o
Ml == ,..: 2 output
N > @ SO @
'E‘:.‘-I ri r 4 - —
Intensity Roppy Pawer Vertical File
control disk switch (1) inputs/ keys
controls
(Volts/DIV, Position ($))
dedicated knobs
InfoLab Intro / papay@hit.bme.hu 24



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.
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Scope - Chl, 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”)

InfoLab 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)

button

Kizarolag az

BNCQ/

( Bayonet Neill-Concelman)

oszcilloszképra
csatlakoztathato !

sheath Foeen |
Construction of J sigha
a co-axial lead /
insulation
InfoLab Intro / papay@hit.bme.hu 28




Scope: BNC

& 1
-

AutoProbe
(10:1)

Generatorra is,
oszcilloszképra
is
csatlakoztathato

Kizarolag 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 :

'

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

symbols used in softkeys

SW version, opt module etc.

Please DO NOT
change (or delete)
the language

InfoLab Intro / papay@hit.bme.hu 32



-+ % Agilent Technologies

54622A/D scope (@ Power ON)

e s e e e e —
L°]

R LN )

0 .f’“‘kIlOb

ey
e ggn®

-4 % Agilént Technologies

InfoLab 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

InfoLab Intro / papay@hit.bme.hu

Kiilonallo (!)
amplitudo (skala)
és pozicio
beallitas

34



Scope - Vertical : press 1 [or 2]

Channel . .
e Trigger  Trigger level
| mV/DIV Volts/div o ur’?hgreshuld Horizontal,

to S5V/DIV N Suurgf‘\t | Trigger

8 DIV Time/DIV (sweep speed)
vertical I |
I Delay time
|
Channel 1 = I
ground level TR.lG 1 Time Reference
point I
Position (& |
: TRIG marker 1

does NOT

Amp{v) o

Channel 2 affect TRIG
ground level
10
A 21 "
AR 7
\ SN Ji z
AC <|BG coupling| Channel Invert Frobe
10y DG+ VpAC  Time 10v DC+ 1V, AC  Time coupling channel menu
coupling DC coupling

.
.
o
.
.
o
.
e

“Ground” & “

AutoProbe

or  “BW"(20MHz) | (101 ) Volts
IS lluminated on front panel

Attenuation  Measurement
factor units

InfoLab Intro / papay@hit.bme.hu 35



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
Pedro Nunes (Lat. Petrus Nonius, 1502-1578).

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

InfoLab Intro / papay@hit.bme.hu
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http://www.phy.ntnu.edu.tw/ntnujava/viewtopic.php?t=69

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
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Scope - Trigger : press Mode/Coupling; Edge

FTHQQE[ Event K ‘
|

Pre-Trigger Buffer Post-Trigger Buffer ‘

N\ /

W
Acquisition Memory

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

Irigger

T

Auto Level
Auto
Mormal
a sweep-et
kdvetd
DC TRIG tiltés
AC (416 kép
LF Reject beallitashoz)
(TV) Analog channal Digital channel  External or Line
source soufce sourcg . Press

« , TRIGGER Level and'“"" ™ jranach)” — dedikalt (kdzvetlen beallitas) Edge
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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. 55 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 —/

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

I |

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)

InfoLab 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 :

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

extensive 1010
manipulation &ﬁd‘
o101

Digital Oscilloscopes Sampia
Signats ang Constructs Displays

InfoLab Intro / papay@hit.bme.hu 43



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)

I
1|:|3 1 |__ . 1
@ 0sas Cecilloscope B :-
'_G'y'dfs' oot o ¢ 0.5 ms/DIV ™~
0+ ! ! -
- Lassu swee
1 .Swe.ep' } } } t } } | p
000001 o.ooo1 0o 001 01 1 0 100 10m
TimeDisision ims)

, Time/DIV”

DISPLAY :

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

max 1-2(4)*10°% (Mega) point memoria
kontra
1103 (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 th

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
* | (Display) Grid : Shagyomanyos (ANA szkép) meres” is |lehetséges |
« Egyidejlleg harom auto param. mérés:

Meas (and math function) are performed on DISPLAYED data { fit signal on display ) !!

ME madositsuk az alap-
értelmezést (csak ha
célszerl

press

1 - = Quick Meas
2

Math | [

(D15 Source Pressto make | Erase all Additional  Measuramant

D[]} salact measuramant \measuremant) measuremeants  settings Thrasholds

Amplitude, Average ...
* Manuali

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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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

Ep|tew Inet Fanat Tok Tabl Moe Help Acrobat Word Counk .,

) ﬁ F torciard e .

] jflma‘.qu &) Autosammanzs... ™ aAutomatically update documnent styles
w! [y et iy wh & FoCor ek,

Global kemplates and add-ins

Track Changss ihecked items are currently loaded,

Merge Documerts, ., add. ..
Prokzck Document.. T

opline Collaboration [V agts4600.dat Femoyve |

[~ agtE3600.dat
[ agtrrth, dot

[

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 X (.
3t agient 54600 | Ty | I o @ iy | @) =
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Scope - dokumentalas:
nagyobb (2K)

mintaszam Excel
Toolbar-ral

(E—Jegvzﬁkﬁnvv: Word Save as ... (G: drive)!!
A jegyzOkonyv ékezetes betiikkel késziil!

------ ‘2. Agilent 54800 ]%\ 44 ﬁ a )| [2)

a teljes memona

JData Capture”
SW-rel érhetd el

(ésaz FFTis )
NEM hasznaljuk

100 Get single measurement

WORD
Right click

on picture

Colors and Lines I Size

YWrapping skyle

“bal Kutya” ... | ol | o

In line with bexk SOuare Tight
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Scope - File : press Save/Recall — Default Setup

-4 Agilent Technologies

-_—

e ] %G ) g ) Py g
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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 | w5 ¢ Equation Calculater
2 o = Agilent FIR Filter

x| ¥
i ‘ X Z _.l J 5NN Agilent Arb Pulse Maker
Telrne 1052014 00

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 :

InfoLab 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 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 Wavwlorm Gersass
3. Output
On / Off
Tuning
Graph or .—‘-.'.'j' "‘-i'_','l 'r::,"'| 'ﬁ:l 'ﬁ| e Criin) Knob and cursor
Menu mode 5) — p— . keys
'EJ pwaep | |'-"-I (g | uose Sine Ot s | to modify the
Softkeys | _ae————— e s Square On/oOff | 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. .7
EXT | Sine | Square | Ramp | Pulse | Noise | DC Arb
AM, FM, PM, FSK . . .
Sweep Carrier
LIN or LOG PWM Carrier .
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 « 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 =" * RiseTime ="?
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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)

InfoLab Intro / papay@hit.bme.hu

62



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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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 | )
J—— -
[sample] WORD
Annunciator

(autoTRIG) Hi (red) Banana

Lo (black) [ connectors
POWER

On/Off — ——

Pwr on default state:

DCV

i 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 - Basic functions

DC: ,direct current”

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

V: volt (!!)

fgvfrvfﬁ Egyenkomponens
default nelkuli valtakozo jel
state:

valodi effektiv értéke

DCV)
z=+ Ellenallas (2Wire)
i

.'_. it
I'I‘l !

 — i :
Sl RAREL e LT TR wmmﬂu E‘ /] = ..*s,? 3
"l .r.l i
1 L

hﬂ il h ok "?ﬁfﬂh]l?ﬂﬁﬁﬁﬂﬁﬂlﬂﬁmuwmmm._ "f o oL

“DMM - The Swiss Army knife of test”
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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 mérdvezeték ellenallasanak
merese ... (= 45 mQ),

ezutan

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

( 2. Sajat test-ellenallds meérése ...)
egyszeriibb KEZZEL
begépelni az adatot ...

3. Dokumentalas: e-Jegyzékonyv ( Word )

Agilent Intuilink Multimeter x
{E Aglent Multimeter % ﬁ' .I_IJ%I E?:]
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DMM - WORD: Tools | Templates and Add-Ins... AgtMMtb.dot

( ha nem latszik — View | Toolbars : V) \
Agilent IntuiLink Multimeter

Agilent MultiMeter
toolbar

ﬁ Set Multimeter Functions for single readings,
Set up Multimeter ) ) ) I

e . :
2ot Multimeter 4204 HEWLETT-PACK.  GRIED:7: Function: Ranoe: Resalution:

£oMz B2 Multimeter 34014 HEWLETT.PACK. COMT-84 :
Resistance (4] |« I AUTO j I 4 diggts j
D Current

AC Current
D Ratio
Frequency
Period

| I m

My Computer Instrument{s] wit Instrument Type in bold are supported
| Thermiztor (5k)

Connect | Disconnect RTD (Type 851 =

= I = = [-CIIEC]S__ VL Use Instrument Settings
A

=

A manualis beallitas
legyen érvényes !! oK Cancel
R
N

Identify

Instrument(s] Connected

J

Get bultimeter Seftings

@J Get Single Measurement

WORD
check ‘With Engineering units’,

do NOT check Do not show this dialog’ I Save as ... G2 drive !!
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DMM Functions — Banana connectors

DC V, AC V:.

Voltage measurement:

8-

= "0 My

@--L&&J ‘Efm;:. 1
i _

0 i E—

Ao -?:I LO (common)

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

WMI Two-wire Resistance /s
Q 2W: 2 wire (2W) Resistance meas: “‘E“”irer”e”t '
E— )
HL1
W R
HLE

Uzemmoad valtas elétt: vezetéket bontani (kivéve: bc v, Ac v) I!
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DMM - DC V (dc coupled)
Range (DIGITS) vs. Integration ( AVG ) time in PLCs

Resolution Choices Integration Time
Fast 4 Digit 0.02 PLC o Fastest, least accurate
* Slow 4 Digit 1 PLC \

~ Do not provide
power-line noise

Fast 5 Digit 0.2 PLC

* Slow 5 Digit (default) 10 PLC g S
* 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 =

v A] @ (e

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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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

A
/\\/\/

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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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

nal

Si
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ARBgen / DMM (2): Measuring ACV (true RMS, ac coupled)

AC to DC
Converter

DC proportional
to RMS value

AC amplifier/
attenuator

ofdooooo ®
(=]

Si
InfoLab Intro / papay@git.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

nal
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merohely kikapcsolas

1. Miszer(ek) — Klkapcs.
2. Szamitégép (Win2K) — Shut Down ...
... €¢s megvarjuk (!) , amig az
PN

aut. kikapcsolas lefut A mér6kirtyik adapterei
__ NE maradjanak a ( 'i

3. Mérdhely tap-eloszté — KI L konnektorban

a mérés utan
(ne melegedjen a trafo)

... €s rendet rakunk (kabelek, stb.)
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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
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