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Agenda

Rohde & Schwarz - Introduction
Oscilloscope portfolio

Products Description

High definition option - 16bit resolution

Live demonstration
I FFTonthe RTO/RTE
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The company group at a glance

1 History
Established 1933 in Munich, Germany

1 Type of enterprise
Independent family-owned company

1 Global presence
In over 70 countries, approx. 60 subsidiaries

1 Net revenue
Approx. EUR 1.75 billion (FY 13/14, July through June)

1 Export share
More than 90 percent

1 Employees
9800 worldwide, with approx. 700 in the Czech republic - Vimperk

1 Success
A leading international supplier in all of its fields of business
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Our customers

I Wireless communication industry for voice and data
applications (suppliers of RF chip sets, modules,
systems and mobile handsets)

1 Wireless communication network element suppliers and
operators

I Aerospace & defense wireless application suppliers
1 Service centers

1 Automotive industry

I Test houses

I Research (such as universities)
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Our product groups

1 Mobile radio measurements (voice and data)

1 All-purpose RF and microwave measurements
(for example signal generation & analysis)

1 Oscilloscopes
1 Audio measurements
1 EMC measurements

I Automated test systems and turn-key solutions

ROHDE&SCHWARZ August 2015 | New way how to use an oscilloscope | 5



Typical product application fields

Research
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i U]
%.5. ¢
°

ROHDE&SCHWARZ

Manu-

Industrialization . Service
facturing

Mobile phone test
Base station test
Signal generation
Spectrum / signal analysis
Network analysis
Protocol analysis
Power measurement
Audio analysis
EMC solutions
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The Rohde & Schwarz oscilloscope portfolio
An extensive product range

HD
| 16bit |

RTO1000
600 MHz ... 4 GHz

el GQA8

HMO3000
HMO1002 HMO Compact 300 MHz ... 500 MHz RTM2000

RTE1000
200 MHz ... 2 GHz

50 MHz ... 100 MHz [ 70 MHz ... 200 MHz 200 MHz ... 1 GHz

LOW BUDGET ECONOMY VALUE BENCH _

Performance class / segment

Bandwidth
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R&S®RTx at a glance
m—

Bandwidth

Number of channels

Sampling rate

Memory depth
Per ch / interleaved

Acquisition rate

Max. vertical resolution

Min. input sensitivity
@ 50 Q coupling

200 MHz
350 MHz
500 MHz
1 GHz

2/ 4

2.5 GSa/s
5 GSal/s interleaved

10 MSa / 20 MSa

12.500 wfms/s

16 bit witt high resolution
decimation mode

1 mV/div at full bandwidth
w/o magnification

Measurement/ trigger Basic
capabilities
MSO Upgradable
16 digital channels
« 400 MHz, 2.5 GSals, 10
MSa
ROHDE&SCHWARZ

200 MHz
350 MHz
500 MHz
1 GHz
15GHz
2 GHz

2/ 4

5 GSa/s

10 MSa / 40 MSa
50 MSa / 200 MSa max upgr.

1.000.000 wfms/s
16 bit with High Definition option

500 pV/div at full bandwidth w/o
magnification

Advanced

Digital trigger system
Upgradable

+ 16 digital channels

+ 400 MHz, 5 GSa/s, 100 MSa,
200,000 wfms/s

Analog Bus Display

600 MHz
1 GHz
2GHz
4 GHz

2/4 [RTO1044: 4

10 GSa/s
RTO1044: 20 GSa/s interleaved

20 MSa / 80 MSa
100 MSa / 400 MSa max upgr.

1.000.000 wfms/s
16 bit with High Definition option

1 mV/div at full bandwidth w/o
magnification

Expert; max setup flexibility

Digital trigger system
Upgradable

+ 16 digital channels

+ 400 MHz, 5 GSa/s, 200 MSa,
200,000 wfms/s

Analog Bus Display
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Software options

Designation RTO RTE RTM
Software options - Serial triggering and decoding

I12C/SPI serial triggering and decoding YES YES YES
UART/RS-232/RS422/RS485 serial triggering and decoding YES YES YES
CAN/LIN serial triggering and decoding, incl. CAN-dbc import YES YES YES
FlexRay™ serial triggering and decoding YES YES YES
12S/LJ/RJ/TDM serial triggering and decoding YES YES YES
MIL-1553 serial triggering and decoding YES YES YES
ARINC 429 serial triggering and decoding YES YES YES
Ethernet serial decoding YES YES NO
CAN-FD serial triggering and decoding YES YES NO
MIPI RFFE Triggering and Decoding YES NO NO
Manchester and NRZ Serial Triggering and Decoding YES YES NO
History and segmented memory Standard Standard YES
Spectrum analysis and spectrogram - - YES
8b10b Serial Decoding YES NO NO
MDIO serial triggering and decoding YES YES NO
USB 1.0/1.1/2.0/HSIC Triggering and Decoding YES YES NO
Software Options - Compliance tests

USB 2.0 Compliance Test Software YES NO NO
Ethernet Compliance Test (10/100/1000BaseT) YES NO NO
10G Ethernet Compliance Test YES NO NO
BroadR-Reach Compliance YES NO NO
MIPI D-PHY Compliance test YES NO NO
Software Options - Analysis

1/Q Software Interface YES NO NO
Jitter Analysis YES NO NO
Clock Data Recovery YES NO NO
High Definition Mode, vertical resolution up to 16 bit YES YES NO
Power Analysis YES YES YES
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R&S®RTO/RTE-K17 High Definition Option

I 16 bits Vertical resolution
I 256x Improvement over 8 bit resolution

I 0,04 Division trigger sensitivity

I 1ps Trigger jitter w/o DSP correction

How does HD work?

8-16
bits
[ 3 Decimation

Digital low pass filtering in real-time after

the A/D converter RTC ASIC

- Noise is reduced
- Signal-to-noise ratio (SNR) increases

A HD
bits [iébirT

Vertical System AD Converter Low Pass Filter

—> Vertical resolution is enhanced

ROHDE&SCHWARZ August 2015 | New way how to use an oscilloscope | 11



Theory

I Simple calculation on achieving higher resolution with moving average

Integer numbers

More resolution Summed values of 4 Increase 2 bits
¢ resolution
125+ 126 125+ 126+ 126+ 128
-/ T = 126.25
2 4
B}

Averaging means filtering

For every increase of the number of summed values by the factor of 2, the resolution is doubled
(increased of 1 bit resolution)

I  Why not Hi-Res decimation?

Before Hi-Res TDesired signal After Hi-Res (example with decimation factor 2)

TOther signal TDesired signal
X(f)

i Hi-Res filter Aliasing product of
response other signal

. > 1 I >

2 f f/2 f

I Not alias-free
1 Sample rate reduction
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Example (1)

I More signal details and more precise analysis results

High Definition inactive High Definition active

Quantization steps clearly visible. “Hidden” low level signal becomes visible.
Signal characteristics can be measured.
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Example (II)

I Real-time triggering on smallest signal details

High Definition active

Overshoot of 9 mV an a 1V signal
Vertical scaling is 140 mV/div
Peak is just a fraction of one division and Digital trigger can still trigger on the peak
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HighRes Decimation vs HD mode

Drawbacks of HighRes

2(]14 10-21

Flexible bandwidth adjustment

R&S®RTO R&S®RTE
Fhsolutlun Filtered BW in HD | Filtered BW in HD

FuII (HD inactive)  Full (HD inactive)

1 GHz 500 MHz
- 300 MHz
500 MHz
300 MHz 200 MHz
200 MHz 100 MHz
100 MHz 50 MHz

50 MHz to 10 kHz 30 MHz to 10 kHz
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Benefits of High Definition Mode

I More signal details and more precise analysis
results
= Sharper waveforms
= Signal details are made visible otherwise masked
by noise
= More precise analysis results
= 500 uV/div available w/ HD active (software based)

I Real-time triggering on smallest signal detalils

= Unique for R&S digital trigger: every 16-bit

sample is checked against the trigger condition
—> enough trigger sensitivity

I Full sample rate and high time resolution

available
= No decimation
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Truly uncompromised
FFT: the easy way to analyze the signal spectrum

I FFT-based spectrum analysis: powerful
and user-friendly
= Easy to use and flexible: first results with
only two clicks
= Spectrum analyzer look-and-feel
= High measurement speed and fast display
= High dynamic range
« Gated FFT
= Cursors
= Mask test

I Application examples

= EMI debugging

= VCO testing S

. Spectral measurements  [liChannel power J
[._,[_LOccupied bandwidth1
./l Bandwidth
i THD
J1i Harmonic search

d
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Fast Fourier Transform Concept

Definition FFT
I Fast Fourier Transform A

. . '._/'\_r‘; LWaN ,.' III"-.\ y FFT
I Algorithm for transforming g . Y
data from time domain to Pl P al
frequency domain

|Il‘. 'III

Frequency

Amplitude
Amplitude

Time
N—1 L
X, =Y x,-e"8"  k=0,...,N-1
=l
Examples for applications
I Testing the impulse response of filters and systems
Measuring harmonic content and distortion in systems

l
1 Identifying and locating noise and interference sources
I Analyzing harmonics in 50 and 60 Hz power lines
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FFT in Oscilloscopes

2011-10-26
14:05:07

Diagraml: Chl

Mo A T——

ROHDE&SCHWARZ August 2015 | New way how to use an oscilloscope | 19



General Spectrum Measurements

2011-09-27
22:39:49

) Horizontal settings
Diagram?z: M4 Res: 100 ps /10 GSads
Reclen: 200 ksa RT
Scl: 2 ps/div

Trigger settings
Made: Auto
Type-A: Edge 4 Chi

Offset: 0s
Lewvel: 60.24 my

Chiwfml &3

Off: -40 dBrmn

Sclh 10 defdiv
FFTrnag{Chlwfrnl)
RBW:4 MHz

Measurement Results 1

-0.094773 dBm
-38.345 dB
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Gated Spectrum Measurements

Res
Rec
Scl:

2011-11-25
10:53:55

Horizontal settings

g 200 ps /5 G5als
lem1-MSa

20 psfdiv
Trigger settings

Level: &4.518 mV

T

-75 dBm
-26 dBm

AN G AR YN A Y Y

)
Wioi mHz 10 hibdz 02 MHz "11# hMHz

P e )

Pos: O div

Off: aw

Scl 18 mwSdiv
cpl: DC 500
Dec:Sa | Ta: Off

! -55 dBm

¢ 10 dB/div
FFTrmagl{Chlwfml)
RBW: 380,792 kHz

| i
il 1 i

ROHDE&SCHWARZ
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Modulation Measurements — AM

2011-11-22
15:30:32

Diagraml: Chil

. v % 7 L . :\_,
[ -250 mv -10.256 ms -8, ] -5.4282 ms 27149 me £ 271 ms 54282 ms 21422 ms 10256 mz

VAVEAVAVAVEAVAVAVEVEVAV. \_x’ﬂu/\uf\/\/\_/uu\ﬂﬂ\,/\f\,/ﬂ’n

E’}V"','—;_ """""" - e - Sl e I b - - e ="""% e - = :—,_'""';'"":;:' '''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''
Fauumw\_,f‘-\_;’"\f\f'\ A A A A A A A A A "’"‘ f;‘* f\f\/"‘ f'\_ A f"_f""\ A f"\ f;‘

1257 ms

Diagram3: Ch4

Diagram2: M4

A WW W el

y

8 kHz 10 HHE|
I Hal

Center = 245 kHz Span =10 kHz Center=5kHz  Span =10 kHz
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2011-11-24

Modulation Measurements — FIM

- - Horizontal settings
Diagram1: Chl ) 50 0 s

ey et o
: 25 ation !

-20 dBm

-50 dBEm

! |||_|I A oy ||-||
A FATRY \ | ) I |
'R ! bty ! ! |‘ | f [ |||I|||||
Vi ! Il
-70 dBm

Il A I:i |
e
|'1

| wf-\llll{
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2011-11-22

Modulation Measurements — GSM burst

100 mv ] Horizontal settings
— Diagram Res: 25 ns /40 MSals
— B0 m Reclen: 40 kSa RT
a0 mw j==H 100 ps/fdiv
e o Tril;l!'lger slettings

1 1 ode; orma

B Single GSM timeslot TR
[~ 20 m/ Offset: 05
— 40 mY Level: 1,581 Y
B0 m

100 m 0s 700 ps |

-10 dB 0 di
@l Diagram2: M3,M4 e Pos: 0 div

Off: aw

Scli 20 mwSdiv
cpl: DC 509
Dec:Sa | Ta: Off

-20 dBEm

=)

-60 dBm

10 dB/fdiv
FFTrag{Chlwfrnl)
REW: 20 kHz

Off: -60 dBm
Scl: 10 dB/fdiv
FFTrmag{Chiwfrml)

B0Ebm “IRBA: 20 kHz

=100 dBm

1410 dBm. 5992 MEz 24004 iz 240 6 MH= 2408 MH= 250 MH= 2502 MHz 25004 MH=z 2506 MHz
1 H L 1 L 1 I 1

Center =850 MHz  Span =2 MHz
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Modulation measurements — WLAN 802.11¢

Diagram2: M4

oo PRIAIMINERRH. .. | .'lhi.'.',J.l'uiM L |
Center=2.4GHz  Span =50 MHz
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Maximum possible Dynamic Range — Averaging

2011-11-18

100 MHz CW Carrier, -10 dBm 11:11:15

Ee Sl piagrami: Chl Bl Diagram2: Ch1Wfm2
0 i 0 my

[ Diagram3: M4

i T easur.. 1= ' ' " Measur..2™= =R~
|| \ -38.158 dB “C TG )2

i i -.':.: e,
; irlw

Averaging OFF TD Averaging ON, Count = 256
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Maximum possible Dynamic Range — Averaging

2011-11-18

100 MHz CW Carrier, -10 dBm 11:17:24

il Diagramz: Ch1wfm2
g

T Diagramd4: M3

=10 dBm

— e — I _— ] F"F‘ p——
P Measur.. 1= ™=~ P Measur... 2= ™%~
-38.409 dB -38.982 dB

-40 dBm ‘

SrdBmr - - ‘ -
60 dBm

~FE-d B ‘

-90 dBm

100 dBm 100 MHz 150 hMHz 200 MHz 250 MHz 300 MHz 350 MHz <400 MHz 500 hHz|

Averaging OFF FD Averaging ON, Count = 256
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Maximum possible Dynamic Range — Memory Depth

10 MHz CW Carrier, -10 dBm

Record Length: 1 kSa Record Length: 10 kSa Record Length: 100 kSa
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FFT detection of low signals

Flamv ' ST

Lamv

; 2
(&) Cursor Results 1
f1 Vi
V2
0 Hz AV

=N x )
-90.472 dBm
-90.472 dBm

-18.998 ps
iy

ErE-.SF}‘l Hs

2014-05-19 /A
17:47:45
Horizontal

200 ps / 5 GSa/fs
949.906 kSa RT
18.99812 ps/div
Os

Trigger

0ds X7 Auto
ks Edge £ chi
3 0y

0 div
oV
1 mv/div
\DC 1M
e

I Signal -90 dBm (20uVp p)
I Frequency 300MHz

|
-100 dBm
10 dB/div }
FFTmag(Chi)| |
20 kHz i

=

ROHDE&SCHWARZ
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EMI Debugging with the oscilloscope

R&S ® RTO

Near-field sniffer

Probes R&S ® HZ-15
E- and H-field

30 MHz -1 GHz
Can be used down to 100 kHz

Optional:
R&S ® HZ-16

Preamplifier
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Time Domain Gated FFT

I Time domain gating is inversely proportional to the RBW
I Broader gate => Smaller RBW (higher freq resolution)

I RTO is capable of displaying FFT from different gate area to help
in identifying spectral source

74941 ps

v

23.746 ps|

S oicorami: v |
-30 dBm LeSS
--40 dB e ?
- -60 dBm -‘)‘ ‘ | v“ { .
S| ur
}

80 dBm Il | i
4B W

-100 dBm/

110 dBm 970 MHz 480 MHz 480 MHz 500 MHzH510 MHZN

MHzE630 MHz

events
4.7491 ps 883 ps 14.247 ps 18.997 ps
=
anden More
~-40 dB
Broadband
60 dB N

s k[

[EPRS Diagram2: M4
dBm

L3748

| lana

ROHDE&SCHWARZ

<

Mixed broadband and
narrowband signal with
500MHz carrier at 10MHz
spectral distance

Gated FFT view on
time domain triggered
signals

Non-gated FFT view on
full time domain
captures
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History Mode with FFT

I Data acquired in the memory can be retrieve and analyze
in FFT

I Data captured in Ultra-Segmentation when view in History
mode can also be analyze in FFT
=4 : wﬂﬂ ﬂthnélrltnéhr{l{;ﬂMMHiHHH&igﬁ%

Available acqs (0 ERTEL)

R Current acq 134?25
Time -317.7844663 ms

- A

Since data is
already acquired in
memory, there is a

iﬁfﬁrﬁfihdn ) i i .
| limitation in
| Oldest || -134799)]| Select all || -134725) Newest manipulating the
| B = resolution and
[  Absolute” m - | g || frequency span.
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Spectral Mask Testing

I User can also make use of mask testing to “capture”
spectral violation

A o1o0rams: chz I — _ : i
L 487 v | <T4]
: ;;og:\; <151 06 ps 1387 ps 75070 p= -37.00 ps 0s 3780 ps 75079 p=z 11397 p= 151 96 ps 189 95 ps|
o |
< ©
- R MaskTest1 =" ===
Acqg. Completed 2280 o
| -5, ACO. Remaining 1]
. State
e Sample hits 1]
<o foquisition hits 1]
Fail rate # -
~ Testresult Pass
Actions on event
I Beep €29 No action
{25 ok Stop acq o On violation
H— Print @ No action
Log date No action
E-mail No action
Save Wfm o On successful completion
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1 Time domain analysis

1 Logic analysis with MSO
option

1 Serial protocol analysis with
low-speed serial bus trigger
and decode options

1 Frequency analysis with built-
in FFT on four channels from
DC to 4/2 GHz

I R&S®ProbeMeter: Integrated
voltmeter in the R&S active
probes for precise DC
measurements

400 ps 300 ps 200 ps A0 ps 0s 00 ps 200 ps 300 ps 400
File | Edit| Horizontal | Trigger | Vertical | Math | Cursor | Meas | Masks | Search | Protocol | Display
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Time for questions...
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