1. sz. mérés

Meérések digitalis oszcilloszkoppal

A mérés célja, hogy megismerjiik egy digitalis oszcilloszkop (DSO: Digital Storage Oscilloscope)
kezelését, specialis szolgaltatasait, mint pl. s
e automatikus ,,kép” beallitas control
(Auto—scale) ... de NE szokjunk ra ! m??;;:.et.ime. cursors / Storage functions
e automatikus jel-paraméter mérés Status bar_| \ /
e PREtrigger
e hullamforma (Trace) és mitkodési allapot o agal

(Setup) tarolas ill. el6hivas fanctions S
I . TIggering
e  zajsziirés (Display: Average) rekord- 5 | | mode,source level
. —
atlagolassal HP 546008 2 Channel {00 MHz Oscilosct pe
e  zavar ,tiiske” detektalas (Display: oot Vernealand Honzontal Conirols
hannel:
PeakDet), stb. Input configuration
7 . . P ;. (ac, de, gnd)
¢s gyakoroljuk az interaktiv jelanalizist. position, BNC input

A mérdeszkoz a beépitett 1K FFT (Fast Fourier Transform) analizatorral a felvett hullamforma
spektrumat (a periodogramot, azaz a harmonikus-modell [Fourier-sor felbontas] spektrum
komponenseinek amplitidojat) is megjeleniti.

Meérdeszkdz: Oszcilloszkép ( HP 54600 DSO + FFT ),
Scope hatizsakban: méroéfej ( HP 10071A Probe, 10:1) 4

Jelgenerator: sajat jelforras ( Scope — Probe adjust signal out ), A -
Tesztjel generator ( HP 54654A) o BNC

GND / connector
Meérési feladatok:

1. Stabil kép (nyomvonal) beallitassal elemezziik a Tesztjel generator egyes méré-pontjain
fellépd fesziiltség jelalakokat, mérjiik meg a jellemzésiikhoz sziikséges paramétereket,
dokumentaljuk az eredményeket

Utm.:  1-2: jelkésleltetés (— Time: Delay)
3: trigger tiltas (— Holdoff by time)
4: végtelen utanvilagitas (— Auto-store)
5: kitoltési tényez6 (= pulzus-szélesség/periddusidé arany, —»Time: Duty Cycle)
6: kettds idbalap (delayed sweep)
7: jel-amplitado (— Voltage: Vp-p)
8: vonalir6 tizemmod (- Roll)
11: atlagolas (— Display: Average)
12-13: faziseltérés, XY: Lissajous-display
13-14: burkol6 és vivo

.fr:( ol
1822-1880
2. (a) Mérjiik meg az oszcilloszkop A/D atalakit6janak max. mintavételi gyakorisagat

Utm.: Chl - Probe adjust signal out, (|Runl), idéalap: 50 ns/D1v, trigger

Mode| Single, Displagll Vectors: OFf és — mintapontok id6tavolsaga
(b) Ezutan, fedezziik fel az ,,ekvivalens idejii mintavétel (ETS)” miikodését

Utm.: az el6z6 bedllitisnal az ismételt megnyomadsaval siirithetdk a

mintapontok ( repetitive signal, random Equivalent Time Sampling: ETS ).
Ezutan visszavéltas: trigger Auto

! MEG KELL TANULNI a manuélis “kép”bedllitast is: stabil nyomvonal (Trigger), méretek (amplitddo, id6 skala) és
helyzet (vertikalis, horizontalis pozicid), valamint a méréseket manualisan (Cursors) és ,,ranézéssel (Eyeballing)”



Output Signal Test Points

Red
, LED
Fuggelek:
Tesztjel generator ( HP 54654A )
jelalakok
Connect the scope probe ground lead ; -i.i"
to the board’s ground (GND) test point first ! : E
a
Test Point Waveform Description
1 J I 1 Square wave, 500 kHz, 3.7 Vp-p.
2 JE (e VO B T Square wave, same as test point 1, but delayed in time by a partial period.
3 JLI L TL  Complex pulse train with pulses of various widths and variable time
spacing; pulse train repeats every 28.6 us, 3.7 Vp-p.
4 nJI—ul N Same as test point 3, but with an additional narrow glitch pulse occurring
at a lower repetition rate.
5 J_______ TL Pulse with period of 28.2 us, 3.7 Vp-p, and duty cycle of 6.6%.
6 i I N Narrow pulse with low duty cycle, period 6.4 ms, width 325 ns.
7 _,-'"IL,-"'IL Noisy stair step with glitches; height of each step is about 65 mV, period 7.5 us.
8 NN\ Slow saw tooth waveform, period 1.6 s, 1.2 Vp-p.
:, 9 Single-shot pulse activated by a momentary-contact pushbutton \
! near the test point; width 80 us, 3.6 Vp-p. !
1
' 10 _/\""'\,W_ Single-shot pulse, similar to that on test point 9 but with ringing on the |
N e pulse top; ringing frequency about 190 kHz._ _ _ _ _ _ _________ /

11 % Noisy sine wave; frequency 1.1 kHz, 1.4 Vp-p.

12 /Y;- -f Variable amplitude sine wave; frequency 1.1 khz; amplitude is varied by
et turning a potentiometer near the test point.

13 Han” Sine wave is similar to that available on test point 12, but with variable phase
/\/ shift referenced to the test point 12 waveform. Phase shift is varied by turning
a potentiometer near the test point.

14 WVWV Modulated carrier waveform; carrier frequency about 260 kHz, modulating
frequency about 1.1 kHz. - '

Output impedance for digital waveforms is 316 Q; output impedance for analog waveforms are as high as 50 kQ.
It is important that you use high impedance 10:1 probes, not 1:1 probes, to connect to the board. The 1:1 probes
have high-input shunt capacitance which overloads the outputs, causing distortion.
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Setup: ... Default Setup

Auto-scale
(Panic button)

Oszcilloszkop ( HP 54600 )

54800

m‘#ﬁ‘&g et core 100 Mz
Status : -

line

Softkeys

Universal knob

STONAGE

=T —— ey —
—

Ealnrmel Trigger

Intensity Probe-adjust
signal out Power ON/Off
Scope (graphic voltmeter) ... a “mental model”
WAVEFORM SEGMENT
( TIME DOMAIN )
COUPLING Vertical
Amplifier ;
VOLTAGE ac AD Conve MEM. Vertical
: ! P ; (y) In
INPUT . 1 — ‘ :
pc_—+ -1 | o - o
Ch1i, Positio /1\ :
ch2 Volts ; Horizontal
Div. 1 I L v
VERTICAL 3 )
L sample rate
[l i Sainia Timg/DI
1 rngger .
Displa
EXT \ Int l: Py
TRIG ! H
1 Ext Tri g N Main
: D;la red Del ayed
Normal 1 S| XY
Auto 1 ope £ Roll
! . C_lﬁn_“ e Level |Delay _Time
él_"_:(_)l:\_/! : ________ R Division
Sing le TRIGger: to stabilize repetitive waveform, and HORIZONTAL

capture single-shot wfm

Kezel6 szervek (user interface )

@ PLAY WITH IT

o Kozvetlen vezérlés ( instant action: dedicated buttons and knobs )
) nyomaégomb(ok), pl. Run|, [Stop], |Auto-store] ... ; |[Auto-scale]
o Forgatégomb(ok), pl. Volts/Div, Position .. Time/Div ...
e Menii vezérlés ( menu-button / softkey )

nyomaégob(ok), az aktualis funkcio a ké
nyomoégomb ( softkey ) felett jelenik meg, pl.

perny6 aljan, a felirat nélkili

DiSplai Normal/PeakDet/Average ..

Aktiv paraméter beallitas: univerzalis forgatdégomb (felirat nélkiil, a Cursors

nyomoégomb kézelében), pl. [Cursors| Source:1 / ActiveCursor: ..
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1. Front Panel

Measure: Voltage, Time

Status bar: Trace/Setup Memory Autoscale, Print, Calibrate )
Vertical sensitivity —_| == . Display: grid, vectors, averaging
Sweep speed —
Trigger time reference : Storage: Run, Stop, Autostore, Erase
Channells) on Gkice
i Sources: Chi, ChZ, Ext, Line
Softkey labels Maodes: Auto, Normal, TV

Coupling: Slope, ac, dc
Screen Brightness
Calibration source

Line Power DNfOFF Math ON/OFF Main Sweep Speed,

@ Vertical position, sensitivity Sweep Modes: Delayed, XY, Roll
t=0 Reference

() [ Vertical sensitivity of GH1J | Trigger sIuEn |

is 1 Volt per major division is positive (rising edge)
| Blinks if no trigger |

Trigger source
is Channel 1

- Scope is ready for trigger

e e e

Ground (V=10 |

[If dc part of CH1 signal is too big,

ground arrow points off-screen,

If this happens, adjust vertical sensitivity]

—]
o s

® |Horizontal sweep speed | | Readings scaled | (press
is 200 psec per major division ~ for a10:1 probe

—Channel 1 is ON

: i | to view)

="

|Aut0—scale

b

Display|Grid:Full, [1]1:0n, ... Probe:10 (@ 10:1 Probe!)
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2. Trace Position

Vertical The Position knob moves the trace (displayed signal) vertically, and
it is calibrated. Notice that as you turn the Position knob, a voltage value is displayed
for a short time indicating how far the ground reference is located from the center of
the screen. Also notice that the ground symbol ? on the right side of the display moves
in conjunction with the Position knob.

..... ;T.ri,gge;r point |
¥ (= TimeRef: LTE)

1 1.00V « Status line — ( +0.00s S0027 £1 \RUN
b - - - - - ; )
HoFizontal :: Trigger

Peeeen .De.i.ay.—from.—;Triggen,ET.ime/D.I\/; s

(Slope:. .risipng edge
Source: 1 Ch)

”éu.”.”.;.._.?.é.”.”.ﬂ.”.”.

1

[N N | I'i'l T=1-1 i Tel=1=1 | 11 I'I'i'l'l'l'l:-i-l'l'l'l'i Lel-nil i =11 | I I'I;'i' [N N KN N
f g - 1Ch: 1.00 V/Div {D | o -id7e1 v
?f ~ - R el A
i : : ' GROUND
- S T symbol
{hp54600)

Horizontal Turn the Delay knob and notice that its value is displayed in the status line. The Delay
knob moves the trace horizontally, and it pauses at 0.00 s, mimicking a mechanical
detent.

At the top of the graticule is a solid triangle (W) symbol and an open triangle (V)
symbol.

The ¥ symbol indicates the trigger point and it moves in conjunction with the Delay
knob. The ¥ symbol indicates the time reference point *. If the Main/Delayed
Time Ref softkey is set to Lft, the V located one graticule in from the /eft side of

the display. If the Time ReT softkey is set to Cntr, the V is located at the center of the display.

The delay number tells you how far the reference point is located from the trigger point.

All events displayed left of the
trigger point ¥ happened before
the trigger occurred, and these
events are called PREtrigger
information. You will find this
feature very useful because you can
now see the events that led up to
the trigger point. Everything to the
right of the trigger point ¥ is
called POSTtrigger information.

b TiméfR-ef-:--L-ft-

TREA

e B ..T.ri.gger..; .....
: ! point

2 When the ground reference moves off screen, the GROUND symbol changes to an arrow and points in the direction (up or down)
where the ground reference is

% The time reference point is the trigger point when zero (0.00s) delay is selected
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3. Measurements

. Measure Vp-p, usiné CUrsors:
Cursor Adjustment Knoh 1} Hook l.'-alihra!_ur sign

Grid
2

3) Clear any cursors Cur
already on the screen S
Source

4) Set for the correct channel

. ; |-~ Active Cursor —-- |
5| Togagle to highlight Vi T1 T2
the V1 cursor; Rotate cursor .

knob for waveform minimum

6) 1-- Active Cursor |
Vi 71 12 Change to VZ cursor;

| e Use knob to set to
SRR waveform maximum

Read AV 0OR: Measure "JP'SP- tllln alasrvwav:v ) l-ﬁngu h::n:;umln{r:ls----]
imply select Vp- - —
from the 'H'nitnuep men ; )

| ==mmmm Time Measuramonls —---=—|
+Width  -Width FallTime

2]

It answer needs more resolution:
3 Time/Div

Rotate for best display

80°% line
10%: line

Risetime Answer

S EEEEEEEEEEEEEEEEEEEEEN
—= OR: use delayed sweep i

Time

Rotate, See how upper
bracketed part is exploded
into lower window

—-—- Horizontal Mode -——---—-——-

Main Xy Rall

Po6



Use Time/Div to set
1K FFT FFT resoluton

FuncHan £ ~-=--- |
‘ Menu
2

=== Fungtion 2 -=---- |
(Hit Menu Key)

) Iiﬁm“
m Hint: To look ONLY 1
e at FFT signal g [ Off |
without time
domain signal,
turn channel aff:

Hint: To return to FFT

a Measurement/ n
menu at any time,

Storage Module must

be installed on back of scope. use math key:
Function &
=i Oost-and Dosrstian Ukl tssdive Ref Lewl FFT Fres L aus
@ ZF1 ENEEEES] - 1000 dBEY [ Menu F=ris

=== r=n=rr=

b
FET gmm——
Meru Cent Fregq Fra Sh Move OHz DoWindow @ Fravious
FL 244, L kH= To Left e : Harning : Fle=n

e R R e e =

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

t

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

X(f) X(i-fs) X(f-2fs)
N Point FFT
e
[—
3 EI LR A
fs 21s
U-‘..‘ a2 ==
EY -
" Ref
: Levl
" dBvV
FFT measurements . ( )
Cursors '
e o, .
=] LS '_Viﬂ‘:t\t';e Cur*i?\? FE—.E Eina ETI“‘IOEJB -:1 CC:]aar* J
E = e - H i : eaks : L=} enter LIFr=0rs
! b & b & Y, 3: 4 1k 1

.,
-----------
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Példak: jelalak (idétartomany) <> spektrum (frekvencia-tartomany)

Tirne Domain
(0] Five Wi

-

{b] Squara Wawe

fimnn, -~

mils

&) Barmgesd Bias Wevs

ifranaes o

{d] inmlsa T

¥ Tims
{ElPalsmTRIn —{ T }—

f—1—
1] &ingha Palsa

B I

Frequency Domain

’ 1/T
lmri.-rl'h } Fr

T T

IV

L]

Megjelenités: (a) idétartomany: DSO < (b) frekvencia-tartomany: FFT

Vit (a) V(D (b)
Volts/Div |
dB/Div
3 |

ol e Torr 5 Af = (ferr) / 1000  off

| | foff N
0

1000 points 500 points

-+— 10 horizontal divisions —»

-#+— 10 horizomtal divisions —p

fetr #1000/ (10." Time/Div") =100 / (Time/Div) ... effective sample rate

Hasonmas (aliasing): f= (k. for £ fo) > fo/2 , k = 1,2, ... frekvencidju komponens az alapsavba
(0, f/2) "lapolodik" at (1) és fo (< fu/2) frekvencidju komponensként jelenik meg az FFT
kijelzésen (amely csak az amplitddo értéket jeleniti meg, a fazist nem)!

Ablak (window): lecsokkenti az in. nem-koherens mintavétel miatt fellépd "spektrum-szivargas"
(leakage) hatasat. Frekvencia-méréshez — Hanning, amplitad6-méréshez — FlatTop



miért rossz a sorrend?
. . . (alias)
Hasonmas ( ALTASING ): haromszog-jel spektruma
1) r244kH£ 488kH2 1 _STOP fit(1} 4 122kHz | 2d4kHz £1 sTOP
N ~ Z Fundamental / — ~
e milyen
Hafvronic a skala?
7th
Hammaonic ath
15th {1th Hamanig
Harm Harm
(alizsad) (aliased)|
FFT elfectiva sample rate: 1.000MSals FFT effective sample rate: 500.0kSa/s hd ‘ i
»Nyquist
o ) o . . wall”:
Ablak ( WINDOW ) a spektrum szivargas (leakage) csokkentéséhez: szinuszos jel fs/2
“nem_periédikus" fEt(1) £ 300kHZ_488kHz | £1 STOP
folytatas — -
| miért nem
\ f vonal?
hp Py
BV VIRV
—p| Timi Record | 4— | T ARCORE |
(@) ®
“nem-koherens” mintavétel FFT - "Rectangular’ window

#t(1) rauomf I22kHz) i1 _sTOR

_—|| milyen
sz(r6?

a széleken "nullara simitott"
id6érekord: periddikus folytatas

%%%%@HW

nem-koherens mintavétel és ablak FFT - ,,Hanning” window

A spektrum mérés (FFT) dinamika tartomdnya tipikusan 60 dB (HP54600) ¢és a két
legnagyobb spektrum "vonal" automatikus méréséhez: — Find Peaks

(1) £122kHz 24 4kHz §1_8TOP
fit(1} £9.77kHz 19.5kHz £1 80P |eeemegpm----- T e cmmmcmcmmcmmmmmmmmmmmmmmmmmmmaq
T . amplitid6é méréshez
zaj kuszdb ~FlatTop” ablak
. Dynami NOISE | |.--Bl . oo - -
10 dB/Div yraic (

Range FLOOR)

|

VA{F2) = -17.81 dBV V2IF2) = -5125dBY  AV(F2) = -33.44 dB

miért nem egy vonal? ( — torzitas)
miért zajos? (8 bites A/D atalakitdé — kvantalasi zaj)
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Szamitdgépes kapcsolat ( transparent 10 interface )

Windows PC USB Cable GPIB Instruments
GPIB: General Purpose USENGPE Interface
Interface (Instrument) Bus 82357A Scepe
[ IEEE488/IEC625, HPIB | GPIB addrps: 7
USB Port
10 driver: IO Libraries — ] ARBgen
Suite 14.1 £ o GPIB addrgds: 10
b GPIB Cables
L
IntuiLink szoftver ( Word Toolbar )
PR
¢ glent 54600 | % | =4 ‘:l__gl el @ | @ o g_ Connect to the Scope and verify communication

Scope - Word Toolbar I

Get waveform data from the Scope and make a graph
Insert an image of the Scope display in the document

©» & o>

Capture a single measurement from the Scope

Adding the toolbar in Word
Word: Tools | Templates and Add-ins: || Agt54600.dot
( View | Toolbars: |v/| Agilent 54600 Scope )

Insert an image in Word: (=] |

» A RIGHT click:

EoL0E 3 Sl Format Picture

0.0 By
T

1 : !!2/

Colors and Llnes Size

T

ﬁmw

Wrapping skyle
|

I line with texk Sguare

“bal Kutya” ...

Tight

Részletes, angol nyelvii leirasok

Scope: Agilent [=HP] 54600 Scope manual (condensed)
http://www.hit.bme.hu/people/papay/edu/Lab/54600_Manual.pdf
Scope probe (HP 10071A)
http://www.hit.bme.hu/people/papay/edu/Lab/54600_Probe.pdf
FFT: 54600 Scope FFT manual
http://www.hit.bme.hu/people/papay/edu/Lab/54600_ FFTmanual.pdf
Aliasing: Random decimation in anti-aliasing
http://www.educatorscorner.com/media/Exp66.pdf
Lissajous and his figures
http://www.hit.bme.hu/people/papay/edu/Lab/Lissajous.pdf
IntuiLink connectivity software: 54600 Scope Toolbar for Word
http://www.hit.bme.hu/people/papay/edu/Lab/ScopeToolbar.pdf
10 driver: Agilent E2094P 10 Libraries Suite 14.1 Data sheet
http://cp.literature.agilent.com/litweb/pdf/5989-1439EN.pdf
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