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SYSTEM DRIVE
D0 NOT REMOYE DURING DPERATION
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Two sine signals
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Time Domain
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SOl AU =X (1)

S Fet X7
Ol At Metble It &= K17

X
x
- Hes Ns 5F 5T ML S

QUM O] Al= Bl

— O O -
— Overshoots, ringingdt 22 41 228 24
— Rise time =&
— jitter, histogram, eye diagram =&

— clock-to-data tlmlng =S
— UIOIHE St =)t 4 (e.g. MATLAB)
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Ltfel (=2l A0l &

TriCHI TV
£Trin/a

N—t

/\

CH11288mV=

i
]
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I
|
|
1
1 |
1 1
! 33MHz PCI Clock signal !
1
1
1
1
i
!
i

|
|

1

1

|

1

1
'Typi al PCI bus signal transitioning from :
low to high state. :
|

1

|

1

!

1

1

|

Power line PAL TV signal Data Bus Automotive
(analog / sine) (complex analog) (digital signals) (analog arbitrary)







Power Meter NRP  Audio Analyzer UPV

" Signal Analyzer FSx

¢ ZATIZNIY 2N ¢ f0/EZE 24 up to 250KHz & Zero Span 24
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Only Time Domain =& &M 4|

Amplitude vs Time
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Ol22 It CINE -ATZO| &G

Webster, 1906:

“An instrument in which
variations in a fluctuating
electrical quantity appears
temporarily as a visible
waveform on the fluorescent
screen of a cathode-ray tube.”

The General Radio Oscdilloscope (1931),
with sweep circuit (right).

ROHDE&SCHWAR2Z 2014 |CIXIE QazARIT 0|2
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Ot 2 Jto CIXIE - Ob 2 A

Vertical System | Display
Vertical
Attenuator —» Amplifier
Horizontal System
\ 4
Trigger Sweep Horizontal
System ® Generator [ | Amplifier

7‘47474‘ Ramp Time Base

Analog Real Time Oscilloscope(ART) Block Diagram
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- ) L — — —
Ol Dt CIKNE -0l AD T
P F'__“x\
a y II I.
e / TIMEDIY A-POS az rg;ﬁn;%
~
AVAVS ;l*‘ff & %, Y A é\/ A :
sp atbmn out
' 1 ! durlng Tlyback
ﬁ trigger e tims bass ‘
1 heater Trplates
:i::3 ——- A LA
ac.fdac. ITZ:,?" yavd _|_‘
CH | siitch cathods  aodes A-platss ﬁ“\x
SIGHAL INPLT | N—
F LAy Lbs
signal wavsform 1 I
bf\\ /f\\ ;f\\ slectron
'II' ‘II' bsam

AVAAVARVAR

VYOLT2/DN  Y-POS
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nl
[l

Otg= dtoLIANE -0tg=1 4

# Real Time Signal Display => Tube J|=
& TSFEHY| 2| & Vertical 2t Horizontal =2 & A| A E!
¢ HO| HEFEH QDS H 8 XE0| 20 CRT

sS4 U E D EdIOIAS g8

¢ CRTLIASdI0D 2R > Edd=z EdIOA A=201 HAS
¢ ZUMHz= (S =0] MgHE

¢ 2= EclH JI=0| gl

¢ U0l MES2H0ILE HelE5=01 Mets

¢ HE M = =Jts




OId=2 Jto CIAIE - AT

Scope Technology Analog

Lol M
Digital

Market » Military » Computers
- Vacuum tube » LSI (Large Scale Integration)
Drivers
technology » Digital data
» Emerging solid » Mixed signal environments
state technology » Faster microprocessor clock
» Broadcast video rates
» System integration
» Quality assurance
Customer » Device » Signal data
characterization » High-frequency
Challenges » Signal edges and effects
waveshapes » Documentation

ROHDE&SCHWARZ 2014 |CIXE QAZADI Q|2
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Ol Z o CINE -ADTO| A

ooo1
oo10

ADC 0101

\\ Analog to 3
. Digital Digital
/
A, e =l =y B
System

= SloH ZMIIQ =0 S5
= M5 A

@ Vertical System : ADCE <ol &
@ Acquisition System : 2 &8st =2 &S | 2 (Sample Point)
@ Horizontal System : Sample ClockO| Z0tL} 2| ADCOIA 2= =K 2E

Sample rate = samples / 1s (Sa/s)
0| £ Waveform Point2t 1] &

St
o)

& ADCO| 2|8t Sample Point= HIZ 20l M& S 1)




|

Ot2=_dt UXNE-LIANE £3

¢ ZE| EdIOIAE A= = U= HL
€ High Resolution (uV)

¢ Peak 2=

@ Pre-trigger

¢ st S)|s

¢ ZAIZFEHOA HE

¢ 2XAFOIHIE ME IS

¢ =3 ts

iy
[IN
(8=
>
U
FE

kol
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@ High Performance

=2
=
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» [ !*“ultra performance” |
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” 11
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value / economy”
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"“U Jr System 1-|h~
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Processing I

Fos=t-

Frocessing.
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CIKE AD I 2 —Vertical System
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CIXIEY A 22X —Vertical System

Bandwidth




CIKE AD I 2 —Vertical System

Rule of thumb:
‘ BWacope = 3 .. 5X fyq Of Test Signal

Amplitude

I | § >

A catcornial et b W F“*I“"“'?Y




CIXE AD I 2K — Vertical System

Bandwidth

Attenuation [dB]:

20 o logUmﬂ

UDUT

20]og0.707 = -3dB

Amplitude Amplitude Attenuation
Error Accuracy dB
1% 99 % -0.09dB
3% 97 % -0.26dB
5% 95% -0.45dB
10% 90 % 09dB

40



CIKE AD L 2K — Vertical System
CAZADIO X HE =2 US| =8I}

-3dB 24 &= X8O FI=2 & 2| StH,

Example:
Low Frequency 1GHz BW Scope

Sine Wave Input Signal Display Close to 1 Vp-p

1GHz 1GHz BW Scope
Sine Wave Input Signal Display at -3dB (-70%)

T G LA T T

1Vpp ) - 0.707 Vp-p
\--.L-.--.....4_----J.




CIAE AT

Y A — Vertical System

Oscilloscope Bandwidth ;
Interface | Data Rate Fr:c:zzﬁcy Requirement Osgili;:::pe
3rd harmonic 5th harmonic
12C 3.4 Mbps 1.7 MHz 5.1 MHz 8.5 MHz Value
LAN 1G 125 Mbps 62.5 MHz 187.5 MHz 312.5 MHz Lower mid-range
USB 2.0 430 Mbps 240 MHz 720 MHz 1200 MHz MG
DDR I 800 Mbps 400 MHz 1.2 GHz 2.0 GHz
SATA | 1.5 Gbps 750 MHz 2.25 GHz 3.75 GHz Upper Mid-range
PCle 1.0 2.5 Ghps 1.25 GHz 3.75 GHz 6.25 GHz High-end entry
PCle 2.0 5.0 Gbps 2.5 Gbps 7.5 GHz 12.5 GHz High-end
PCI >
P
2014 |CIXY QARATT |2 42
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CIKE AD I 2 —Vertical System
© A AlZHOl H Ol | Risetime

L -
t
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CIXE AD I 2K —Vertical System

Risetime Calculation

Bandwidth/risetime Calculation

0.35 0.22
BW=f=

Trise_10-90 tiise_20-80

BW=f=




CIXE A

l

¢ U= als Al2HHS] 2

) 1L 1A — Vertical System

ROHDE&SCHWARZ

Logic Typical Signal Calculated Signal Oscilloscope Band-width

Family Rise Time Bandwidth Requirement

TTL 2ns 175 MHz 525 - 875 MHz

CMOS 1.5 ns 230 MHz 690 - 1150 MHz

LVDS 400 ps 875 MHz 2625 - 4375 MHz

ECL 100 ps 3.5 GHz 10.5-17.5 GHz
,\_/.\// \\ 20%

~— -

Rise Fall
Time Time

2014 |CIXIE QA2ATE 0|2
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0 2 A —\Vertical System

AT trall S tro| 2HH| (PNE=1
ADIT 0| AMS tr0] SLEH AR 41 %
ATDE tr0] M S trel 28401 H L 10 %
ADI tr0] M tre 3 R 5%
ADI tr0] AS trol 5801 B R 2 %
ADI tr0] MS tre 7HHC R 1 %
Rise time/fall time 10 % to 90 % at 50 Q (calculated)

R&S®RTO1002 and R&S®RTO1004 | 583 ps

R&S®RTO1012 and R&S®RTO1014 | 350 ps

R&S°RTO1022 and R&S®RTO1024 | 175 ps

ROHDE&SCHWAR2Z 2014 |CIXIE QAZAZT 0|2
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CIXE AT I A —\Vertical System

® LO|X Z20/= QA2 A DI Sensitivityt] RO 2
oI5t 0| ZC}.

¢ 0|2 Z2E=Z2NHe= 012 22, Front-end Modulel ¢S A2 E
4ot B LEHESO L 0|XA SH0 2ot Z & = L.

— T1 O

—Variable Gain Amplifier (VGA)
— Front-end Layout and shielding
—ADC

S Measurn..1 == =%
[¢(S-dev) ] 155.16 u¥

el rlﬂl'l ‘fﬂ]‘ﬂﬂt"ﬂﬂ"‘J iy Ml Ao 4«,}%‘Jw‘i‘|«ﬂl“ﬂ "'”’“JT]UD Mﬂ e ety it N ffW
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LIAE ADHE A4 - Vertical System

......................... - Memory

: Vertical System I l
! ; T

| .

: |

| :

"l |

Acquisition |¢—p] Post- —p

Processing Processing

i
v
>
:
j
¥

~ Display

S i i

., Trigger Horizontal
F\J* System g System
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CIXE AT

Y LA — Vertical System

ADC

€ Sample Rate : Clock rate of ADC (2BtH 2 AD T (HH =L} 58 =2)

49



CIKE AD L 2K — Vertical System
4 Analog-to-Digital Converter

I ADC= LN E LEZADUS SRt ALEHE S| ottty
I =& Zof=s=2 ADCSl Bit==0ll (et 2F =
1 M2 =dls2 83E S0 N2l 20l et 2E S

ADC

AI-IEELI

© Ry @“lT” &) T

0 Real time '. _ al time | B0 Real time
| &
Interpolated time Interpolated time

Equivalent time Equivalent time

Ch | Channel Channel "a.i.\.
| S $ ‘| 53 | Setup ':\%’

Setup Setup

Intmpolatlon mode

| Linear

sin(x)/x

Sample/Hold

““4IT” is not a common term to all Scope suppliers.
They refer as Real Time with Interpolation




LIAE ADHE A4 - Vertical System

€ Analog-to-Digital Converter
— Real Time (RT) Sampling

112/d 0|22/ M E HHE = U= RSt H=EE

ADC

b

S d&otH AN = UL

Each
Trigger

identical 1 UL FUFL

ROHDE&SCHWARZ 2014 |CIXIE QARADI Q|2 .



LIXE ADE A4 — Vertical System

4 Analog-to-Digital Converter ADC
— Interpolated Time (IT) Sampling

1 2f ALOI2 LHOIN &2 HEH M= = S E HEOHH HEAIE =+
olC=2 M== 4 6'.& A E 2| g eH
ML T OoOo=2=2 =2 - O=2oo odg
| 848 B EHE M2 LESE HNHOZ HEois HHO 2, MES
o = M=
I Sin(x)/x B2t S MEZHOIES DHNOE MG Bl
/SIHEI nterpolation

Linear Interpolation

ROHDE&SCHWARZ 20 |UXN8 225233012 5



LIAE ADHE A4 - Vertical System

€ Analog-to-Digital Converter
— Equivalent (ET) Sampling

| DT AISO EF AL S Ho BlE T2 AR S25| MES
ilzam (== e =]
—/ /M A= T ANDOo

| M5O 2 B=0N LR HBE BHGH BH=EOI M5O

ROHDE&SCHWARZ 2014 |CIXIE QARADI Q|2 53



CIAE A

€ Analog-to-Digital Converter

I Real-time (RT) — no interpolation:

—dl =J| &z, A& O|HEN He
Ut M2d= RloilAd 22 =2
HE0l ERE
I Interpolation Time (IT)
=gl =J| &, A HC O E0f
—-RTEL} 2R =2 ote= 4=
I Equivalent-time (ET)

— =1k =) Al =0

Y A — Vertical System

ADC
° i " " °
-]
-] - o °
o - o &
2 o 3 ° °
/ Sine Interpolation
. - A | 8 -
;%- f & ?\'! - I\ h‘
QI a [ 2 F 7 A |
{ A} 2 ¢ E ] A4 )
Fz - ,? '_{.}, L A . g | f
E\JH - g

X 5t
—/ =
SRR U SO AR MEE SE0| US

¥
Linear Interpolation

ROHDE&SCHWARZ

2014 |CIXIE QAZ2AT L Q|2
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CIKE AD I 2 —Vertical System

>
O
o
©
[I[e
o

n, <IN ADC our|— JUL"

Interpolated
Waveform

7 Samples 1
Sa.-mﬂng: f

lvvvvv¢+l
| I I

e Sample Interval T;

¢ AN2Z=0lA ZEHE 2= H=E

€ Sample Rate= Samples / Second2 H & (Ksals, Msals, Gsals)




LIAE ADHE A4 - Vertical System

ADC

Sampling Digitizing

—{( 10111001

(Convert to
Number)

¢ otLt2 20| 8JH2] Bits=2 Ha &

ROHDE&SCHWARZ 2014 |CIXIE QazARIT 0|2
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CIKE AD L 2K — Vertical System

I ADCs Vertical Bits Resolution —
18 Bit ADC : 256 |2 2dlls

—_— \

size

8 bits Lo Ly gl
+ {3 LSB Eror
S
gLk plag ) | .g
. promas S| Digitizing
Sampling rate = Levels or Analog Waveform
o E "Ouanta”
Digital Levels | At 1V Full
Resolution n in Full Scale Scale
range: 2" _ Sample
1LSB= f Points
8-hit 256 3.9mVv
10-bit 1,024 | 976V Analog Signal in
12-hit 4,096 244 pv
14-hit 16,384 61 uv ‘
Note Resoluti A
16-bit 65536 | 1.5V — esolution ccuracy




CIXE AP I A - Vertical System

& OilA) Q&AL 5V [, 8 bit ADC => 19.5mV / bit

= /o

XV,

‘w’ lI 1n11r.-_¢_| in
\/ Ull“'_l,

2EE) ko1orq10
i / *,
.‘III ;
4
Sample /
it L o1o1101¢
r [ ¥ Skl
8 bits | ¥ 3
] 7

A 10110101
o L~ [
Sampling rate
& LEHNOl Z2 £8HQ (| )5
¢ HES=SE Interpolated =
¢ ADC d|22 2olls2 Ut ES
2014 |CIXIE QAZAITZ 0|2 58
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CIKNE ADE P2E

@ Effective Number of Bits (ENOB): =&

+ % LDB Error

Quantatized —*
Digital —

Level —

Sample
Points

Ideal ADC vertical 8bits =

256 Quantatizing levels

Actual /ﬁ

Ideal Ramp + +
¢ =2 ENOB => %2 2 A3t Ol
=> =8 N2TO &4

Analog Waveforms

— Vertical System

Ml E HE 8 =X
Effective | Quantization | Least Significant
Bits (N) Levels Bit AV
4 16 62.5 mV
5 32 31.3mV
Others ? 6 64 15.6 mV
RTO 7 128 7.8 mV
Ideal

8 bits Effective

Number of Bits !

2t =2 SNR = Al
Ab




CIXE AP I A - Vertical System

Best measurement result! Equivalent to 7 bits resolution
Scale/div = 50 mV/div Scale/div = 100 mV/div

Signal amplitude:
05V

Best ADC resolution reduced ADC resolution
8 bit=> 0.2 mV / bit 8 bit => 0.4 mV / bit

¢ 10JH2 2t0l FullADCe| & dIE S

& A Y XFE0 2t Resolutiondl €8t 0| &l

ROHDE&SCHWARZ 2014 |LNE 245232 012 5



CIKE AP AL — Vertical System




CIXIE AD I A - Vertical System

| DC Coupling AC Coupling

ROHDE&SCHWARZ 2014 |CIXIE QazARIT 0|2 62



CIXIE A DI X - Acquisition Processing
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CIXIE A DI X - Acquisition Processing
| Aiiasing |

€ Nyquist 0ff (E M =4 HI0IE
Sinusoids at 10kHz Sampled at 200kHz

A Sampled at 50kHz

Sampled at 20kHz

Sampled at 12.5kHz

v




CIXIE A DI X - Acquisition Processing

A 10 kHz Input Signalz 10kHz Sine Wave Nyquist/ Shannon

Sine Wave Signal
0 N\
Nt LW \_ The sampling rate

/,\ must be:
A Y

NS /‘\
f s . sampling frequency

)

)

>

\\/ Samplmg Rate: 50kHz

>
-

a i f: . frequency of the
\/ N\ samping Rt 250 input signal

‘l i 1 .d"".‘f“l.
o Sampling Rate: 12,5kHz




CIXIE A DI X - Acquisition Processing

¢ 212 H== A&

ol= X2 InterpolationOl 2t 1) &
@ Linear: &z A

= Real-time Sampling
¢ SinX)/x: x&oz2 HA *over-sampling following Nyquist rule

Dots / \
Interpolation
linear sine

(sin(x)/x)
=10 samples
__~ Sine Interpolation
\ Linear I;tu'polats,m

=2 samples; improves interpretation of the samples

66




CIAE AD T 2K - Acquisition Mode

¢ O XIE AT Z0| M= Decimation(Z &)= S 6 FO4, AFE AHS
SH0 et CHE AL Z e EsS2 8= Mg = UL

¢ Interpolation U4 & 2 H& IS 2, Waveform Arithmetics At
JEE Sot: Envelop, Average S EC =822 LIEIE == UL,

mm) Decimation mmp Acquisition g Interpolation \mm) LN

Memory Arithmetics
typical options: typical options:
*Sample *Envelop (min/max)
*Peak Detect *Average

*High Res

ROHDE&SCHWAR2Z 2014 |CIXIE QazARIT 0|2 67



CIAE A

1A — Acquisition Mode
¢ Decimation(Z )2l Hi g

aximum sampling rate 2 =2 &4
LEE 4] e ME ZQOIEZEH, &
Ee W JHA 22 2501 &I et

-1 /| a4

original full-speed samples samples transferred to acquisition memory

® Decimationl =&

“Sample’: most common; default mode
— “Peak detect’
— “High res”

— RTO has additionally “RMS”

ROHDE&SCHWAR2Z 2014 |CIXIE QAZADIT Q|2
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CIAE A

€ Peak detect (Min / Max)

-5 i s A2 OHOHl Rl 82 ERIE =
= LOE=Z MEet =, 5 M2 ItE ZL0

im=

1A — Acquisition Mode

' CC -

ax’ L=, Min’ gt

z Ol=¢etlh.

01Z2I301 & :
~ U2 UEY ME ES oAl
_ =2 X2 Glitch 822 &OtUI| 9 &

ROHDE&SCHWARZ 2014 |CIXIE QAZARIT 0|2
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1A — Acquisition Mode

CIAE A

€ Highres (High resolution)

O1Z 2|01 4 :
~AE 2ols BA Y S0/R0 Ha
~A5E9 LOIX 22 M (L01X SHO| B gl= 22

70



CIXE AT

L 1A — Acquisition Mode

€ RMS (Root Mean Square)
2

=)

_2020| I}E |2 OHO Q= RE ME ZOIES(H RMSE /&
_ 2251 R&S RTOMI A Gt RMSE IIE ZOIES Si=5t 4 S

“RMS”
Decimation

ot QLCHH, P=URO| S5t AlE§H 0 =H 0 p

ol




CIAE AD T 2K - Acquisition Mode

€ Envelope

- Hd B &E=2= &= 20, =42 If
AN e = &
X E E0H=.

A e Tl I T D i

samples from acquisition memory processed waveform for further
post- processing & display
HZcl3H0lHA .
— Worst casel| =4

— EHA 2L} Persistence modeZ Al2SH € 2=
— =2 : Timing 82°| &4

ROHDE&SCHWARZ 2014 |UNE 245232 01 2



CIAE A 2 - Acquisition Mode

€ Average
— Sample BtAI & 2t THE 2H2A0ICH 8 Q] ME TQIEE A S
- HSHe I ZA SoHIE ZOES2 M2 ER0] &0
ZSHO=Z2 2HA IS otH0l CIASd0] &.

S O O 8 g > [

s processed waveform for further
samples from acquisition memory post- processing & display

HE2|AH01& :
— Uncorrelated = 0| = X1 2 SNR2| &4t

— “Weighted averaging”2| Jts
=9 EClH KNIt & SE UOIHS EOlY E2E H=2AIZ2 &= UL

ROHDE&SCHWARZ 2014 |CIXIE QARADI Q|2 23



CIKIE AP X A4 — Acquisition Rate

¢ 2= 0XKE LA Z2AITEE= Blind-time= JHAl L] /(S
¢ 2EtAHOI A U= X[ 0.5% Active -> 99.5% Blind (=50,000 wfm/s)

blind time

acquisition cycle
for 1 waveform

EEENESGESEEED

Scope display

is missing the

critical signal
faults!




CIKIE AP X A4 — Acquisition Rate

Wfm Update Rate

® Acquisition rate2t T Z M| A 22| Af 2 2|

Acq Time Blind Time

l -
- M

B

acquisition cycle
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CIXE AD I 2 — Horizontal System




CIXE AD I 2 — Horizontal System

Sample interval
First sampled and digitized T
point i record |
s WIS L L L Record Length
1 ¥ o ey
| l"L‘!:l---l :.‘[-:’-t‘tf-_-;-"-} | Resolution « # of samples
| : | "
Trigger point | Honzontal | ; ggﬁp ﬁl:ﬁrﬂeen
l | ' Time Scale

Acquisition time

+ 10 * time / div's

r. = . » time / div's
i ____________ |
I I Horizontal Sampling Rate

¢ GlXl) 10GS/s x 10ns/div x 10 Div’s = 1000 samples
10 GS/s x 100 us/div x 10 Div’'s = 10M samples

7



CIXE AD I 2 — Horizontal System

¢ D=d===2 HE220 HES
¢ 2 =22 AH0l2= U B2 UO0IHE HEE = US

Digitizing

—{ 10111001

(Convert to : '
(Sample & Hold) Number) I _ _




CIXE AD I 2 — Horizontal System

Sample Rate versus TlmeID|V|3|on Setting
2G -

16 i, Sl e s e S

-
1
]
]
i
I
|
|
[
I

-+
1
I
i
i
i
I
[
i

o
1
I
I
I
I
I
I
i
1
[
I
i
I
|
|
I
I
i
i
i
i

I
|
|
-
I
I
|
I
i
1
i
e
I
I
I
|
1
I
i
k
1
1
1
i
i
I
I
i
|
|
r
I

1 L]
i | !
] ]
] i
i
10M ____________________________________ [, . SO Wl NJNY
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Memory

“~ — Horizontal System
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CIKE AD L AL —Trigger System

Channel |
__Input




CIKE AD I 2K —Trigger System

Trigger ?

CIAZSd0l EclA ?X

EclAH dE
(Falling edge)

IS

o

ADC
Sample Point

Trigger

E2|A
cll &

Pre-trigger Post-trigger
ﬁ M
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CIKE AD I 2K —Trigger System

Trigger

Trigger Motivation
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=
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Accuracy

Y A —Trigger System

CIXE AT

Trigger Accuracy

glitch : &[4 &
e e =
[ps rms]

¢ =42 =F Jtsst
@ Sensitivity : ECIHE st
A==

@ lJitter: E2|H 2| ELO]
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CIKE AD L AL —Trigger System

€ Edge Trigger
- 9l& A3} J|= ThresholdZ & €8 E2|H20| 8 = &tat

rising and falling edge

falling edge

rising edge




CIKE AD I 2K —Trigger System
€ Advanced Ec2| AH(l)

Transition time 8

— slow / fast edges, e.qg. circuit instability / radiation of troublesome energy

s

Width
— defined pulse width, e.g. observing Inter-Symbol-Interference (1SI)
S

State

L
r .
— logical combination of various channels, e.g. troubleshooting parallel busses 1“
|

Glitch
— typically narrow pulse, e.g. caused by cross-talk

"
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CIKE AD L AL —Trigger System

@ Advanced E2|AH(ll)

Time out Fa
— dead time, e.qg. system errors by wrong dead time relations to other signals .

N _

Window
— event that enters / exits a window , e.g. capture bus contentions

Setup & Hold
— timing relation between 2 channels, e.g. synchronous data interface B

Runt
— limited amplitude, e.g. meta-stable conditions in digital systems
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LIXNE AD X J|S - Analyzing Waveforms

¢ Ut =48 s ?let Jls
- Cursor
- Automatic measurements
- Statistics
- Histograms
- Math
- Spectral analysis
- Advanced pass/fail tests
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CIXE AD 2 D[S - Analyzing Waveforms

Impulsdauer
Pulse Duration
Uberschwingen -
Owvershoot Dachschrage t!naur!lm
Nachschwingen Rampi-off i 100%-Linie
Ringing *
——
| — 90% !
Amplitude
50%
10%:
f =
—J o
Dachschrige der Basislinie 0% -
i - Baseline Rampf-off el Basislinie
Anstiegszeit Abfallzeit | Low Level
Risetime Falltime Jitter
T=11
| Vorschwingen Periodendauer
Preshoot Pulse Pariod




CIKE AD 2 D[S - Analyzing Waveforms

¢ 8E X0l Automated Measurement 2| &=

— Amplitude, Time

— Histogram

— Eye diagram

— Spectrum
¢ s Ml =, H B O|HEN Ust 53
¢ J|l= dl20l et 220 2R

Upper level

( 100 mV|

e Top distance "Auto select absolute probabilty” The most suitable signal level for the selected measurementis
( 25 mV, Used.

"Peak probability’ The signal level with the highest probability value is used.
Bottom distance | iy _ . o
__ Mean probability The signal level with mean probability is used.

Low Sianal Level) [ 25 mV]

Luwer level "Absolute peak” The absolute peak signal leve! is used,

-100 mV|




CIXE AD 2 IS - Analyzing Waveforms

¢ SAX 24 2 LIEHLD| ?IotH, BtEA e E 5 0149] I 0l
2 =& O OF Bt StLCt.

Label Description

Actual Currently measured value

+Peak Positive peak value (maximum)

-Peak Negative peak value (minimum)

u (Avg) Average

RMS Root mean square

o (S-dev) Standard deviation

Event count Number of measured events (e.g. rising edges, pulses etc.)

Wave count Number of waveforms (acquisitions) the measurement is based on




CIXE AD 2 IS - Analyzing Waveforms
| Histogram

Signal level
A

@ Histogram 2 UI0IH2 BIE £
ja|9§ L|‘ |‘LH|_ jl%% Maximum —

Upper peak value —
= Peak value

® Histogram 2 = 0| X2 X E .
Mean
o8 E ?gt Zddet =8 value

— RMS, peak-peak, median

Lower peak value —-

— histogram shape Minimom

(gaussian, bi-modal, etc.) L s No.of sampies
Histogram
peak




CIXE AD 2 IS - Analyzing Waveforms

® Eye Diagram 2 KAIHE 24< = A= AlZe = S0I1H, A =2
fEZHS HAEE & = U= JIsg.
@ Eye Diagram 2| Histogram S 2t= 0 & 2 Z M, Eye Diagram &} 0| A
M0l CHet S s =g = US.
Eye rise time Eye fall time

:

1

_/N\ N T

' le—Eye width—»| !
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LIKE AD X IS - Analyzing Waveforms

0£A mee Hett UE ME0AM SEE L 242
Sot(, Math DP% e H O0IHE 2= = US.

3 |
L ]
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CTES
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LIKE AD X IS - Analyzing Waveforms

& FFT2 F O

I Fast Fourier Transform
I A2 S0HAN =l =222 M0l Hat= ¢

o
e
y
o
o

13

Amplitude
Amplitude

Time Frequency
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LIXE AD X J|S - Analyzing Waveforms

| | |

3 / | |
| | Jl I I
\ j.l' |.: jf ! | I I
| | FFT W@Wf
} ' H - ! - o—e
| | T L
A AT P

/ ’ [\ I g
L= | L.

! Integration fimé tns Total bandwidth f,
Neer samples input for FFT N filter output of FFT

JL

A
A 4

I N, Number of consecutive samples (acquired in time domain),
power of 2 (e.g. 1024)

| A fepr Frequer!cy rt.-:-solutlon Af, = 1 _ f,
1t Integration time FFT ¢~ N

n FFT
I f, Sample rate
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LIXE AD X J|S - Analyzing Waveforms

Time controlled vs. frequency controlled FFT settings

Time controlled Frequency controlled
(Constant record length) (Constant RBW)
Parameters |t tsop RBW RBW set by user
set by user ‘ “
AN /\ f\ AWA
OpﬂEﬂUﬂU \J{ VAVAY \J U .
start stop 1 fc 2
Samples available for FFT <
Span
Resulting Minimum achievable RBW Required acquisition time
parameters
«— RBW dependenton't,
I f\ M\ ANAWAWAWAY/AWAR
/\ . tﬂ VUV UV Uk tU V
fs/2 start stop
Samples needed for FFT

ROHDE&SCHWAR2Z 2014 |CIXIE QaZ2ADI 0|2 o8



LIXNE AD X IS - Analyzing Waveforms
<— Single Acquisiton —> <— Single Acquisiton —>

) S0

S & e, Jx) Jx)

pemmmEraa. .___\_Aﬁindowing S

y "’ Q t P’t f

+
Jx) J&)
t FFT f
o—e -+
fx) Jx)
‘ ¢ r
+
Jx) Jx)
t A
+

If(x) L ‘

S

~
~

\4
-~

| >/




CIAE AD 2 D[S - Analyzing Waveforms

Single FFT vs Overlapping FFT

Single FFT (single acq) Overlapping FFT (single acq)

iE
o

e .
More detail even

insingle

acquisition gt

1000

Limit reached{fi{

Off: B

Ly
REW: 100 kHz

Lug i

AR \;«l A

Mﬂm el ek




LIXNE AD X J|S - Analyzing Waveforms

= _J:]ﬁiil"‘r"r ErEanE

q‘ﬂi’iﬁlrrmnn e . "!'
Channel Power
‘Setup’ Gate/Display Long Term/Statistics Oh Vielation Measurements i

State  Source Statistics | Limit check

C'.'.I

Hﬂln Megsurament

! ..Channel power

Additional Spectral Measurements

Occupied
Bandwidth

Meas 1

&

Bandwidth

Total Harmonic
Distortion

o

i@
Ty

Il dB down Channsl BW Channel CF Occup. BW MNaolse reject

EETYT) T

File Edit Horizontal Trigger Vertical Math Cursos

(5]
mi
L1
il
™y
W
L]
F'T
-
W
w
|L|

T g1
-
ikl
w0
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(Xg ARE_Za2d
\ s

S
- ESJERUNNSEADDN ML

¢ =2HE
—ADT= HstE HRA2 M0 HHE = UAZ(typ. 5mV...5V)
~O2BE 2N ASE ZCSL HEAIDIH oS
— &St A2 2 MS 29 4F(hum, noise, filter)0| A4 & AL S XIS

¢ =X OE 24
— Signal type
— & & (single-ended or differential), & =, LI, ¢SS
— Signal amplitude
— 2=mVUA 10VI} DA £25. 1 0|6tLE 0| &2 SEE6 &Hl 2R
— Signal frequency
- =2 = et Z2UE S| 2ol ot0|d = HH|IER
— Source characteristic
- A2AQIEHA= HEstHAEES 2E
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CIXNE ADE - &

¢ 0|AIX™ Ol Connection E4
=26 ==

>

— Tl 2=
_ MM YD otEE o1

>

-ZHML H=0| Bl dls dE

0

— 8 A0l 2|4 Linear phase behavior

— No Attenuation
-2 0eE

=2 =02 U4

L ol= ds

—

ol

=
.

Probe J| =




(XS ADD_ T

¢ 2 A Co nnectlon EN
—ANSH HZo)| X £33

— CHoL A o

T
Ol
rr
>
>
i

2 1l

— AH0l =0l X0 B

1 [

N

ot ==1it

Oo| =X Ol
—AT= o

S22 delayXt0|2 ZHEIME
& Al timing offset2 A4

I =

<
=)
rh
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CIXNed AT _TOx-

¢ MEE IR VS A T2

Input
Impedance

100M

i | I | |

10M 10x passive
10 pF/ 10MQ
1M
Active
100k 1 pF/ 1MQ
10k
1k
100
Low Imped. 1x passive
10 0.15 pF/ 5000 100 pF/ 1MQ

] ]
100 1k 10k 100k ™ 10M 100M 1G 10G
Frequency

ROHDE&SCHWARZ 20 |UINE 242232012 108



CLINE ADE AL -8

Passive Probes 1:1 Passive Probe Low Speed, Low Level Signals
10:1 Passive Probe General Purpose
Scopelnput =1M2 A% 400:1, 1000:1 Passive Probe High Voltage

Scope Input = 500 5081 Low Impedance Probe High Frequency
(GHz Bandwidth, low capacitance)

Active Probes — Single-ended Input High Speed
\ Differential i High Voltage Power Supply, Floating
uts
i Wide Bandwidth  LVDS, High Speed Serial




=

CIXE AT - o

Type Resistance | Capacitance | Inputrange | Bandwidth | Typical
measurement

1:1 passive probe Same as Approx. 100 pF | Same as Up to 10 Low speed, low

scope scope MHz level, f < 1MHz
10:1 passive probe 10 MQ 8...15pF Up to 600 V Up to 500 General purpose,
MHz f <50 MHz

100:1 passive probe >10 MQ Approx. 5 pF Upto 4.000V | 100 MHz + High Voltage,
grounded

1000:1 passive probe >>10 MQ Approx. 5 pF Up to 20.000V | 100 MHz + Ultra High Voltage,
grounded

50 Ohms low 500 Q, 0.2...0.4 pF 5V, 5...10 GHz Ultra high speed

impedance probe 1kQ

Single-ended active 10k ...1MQ <1 pF Up to 42 volts | Up to mid High speed

probe GHz

Differential probe 100k ... 1 MQ | Approx. 5 pF 1000 volts + 100 MHz + floating

(high voltage)

Differential probe 10k ... 100 <1pF Up to 42 volts | Up to mid High speed serial

(high speed) kQ GHz or more | communications

ROHDE&SCHWARZ

2014 |CIXIE QAZAITZ 0|2
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(Xg ART -T2

¢ Differential 2= VS Common 2&
— Differential 2 &=
Measure the difference between Positive and Negative Tip of the Probe.

— Common Mode Range
Measure the maximum voltage between either Positive and Negative Tip
of Probe to Ground

Differential Mode Range Common Mode Range
M:extivr\?euer: i\:]oltatge g— Maximum voltage from :—I:
P T, either input to ground T >
"7
”
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CIKE AT _T2C

Bandwidth in GHz

0.1 0.2 03 04 05 06070809 1.0
100.0 e e

97.5
95.0
92.5

Measurement 90.0
Accuracy % 87.5

85.0
82.5
80.0
{l5
75.0

72.5
70.7

1 (-3dB)

[ #j%l ( /BWsystem) \/(1/BWprobe) +(']/BWscope)
| AT (AZ L0 HOIE 1.5H) 0|4 HHES A= T2US AIBSIE
2s ATE.
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