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L_et’s think about these -

e Students are accustomed to solving problems from time
domain.

- How about frequency domain measurement?

e Does FFT meet the basic requirement of frequency
domain measurement?

- Is the frequency resolution sufficient? Is it easy to operate?

e The spectrum analyzer Is expensive and the repair cost
IS also not cheap.

- Is one spectrum analyzer per student possible in the Lab?
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DSO is an indispensable instrument for students (or engineers) to measure signals during electronic experiment courses. The majority of students are used to observing signals from time domain. However, observing signals from frequency domain is much easier to understand signal’s characteristics (such as modulated signals).   
Most students(or engineers) are not aware of the correlation between the sample rate of time domain signal and the frequency of DUT’s signal while operating FFT. A correct spectrum cannot be observed if the horizontal scale can’t be appropriately set..It is because the restriction that middle to low end oscilloscopes can not meet the measurement requirement of frequency domain. 
Without a doubt, the optimal measurement equipment for frequency domain signal is spectrum analyzer. However, its high precision and high unit price often result in an expensive maintenance cost if not properly operated. The debut of MDO-2000E has realized the possibility of one student one spectrum analyzer. 


®)

—

The Functionalities for Time and Freguency Domain

Time Domain Frequency Domain

Serial Bus Trigger and Decode

High Speed Waveform Update
Waveform MATH

Digital Filter
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Today, there are so many functions for time domain measurement in the DSO. But there is only FFT function for frequency domain measurement. Is it sufficient?


Does FFT Meet The Basic Requirement of Frequency

Domain Measurement?_
| [ N
5 FFT
g i j> *Range: DC to half the sampling
AN | frequency.
e ot | *Resolution: Depends on length
\of FFT and sampling frequency. ,
— ( R
Spectrum Analyzer

~ | *Range: Depends on fsartand fstop.
*Resolution: depends on RBW.
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|
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GW INSTEK CORPORATION |

GYINSTEK


Presentator
Presentatienotities
The above figure shows the result of FFT calculation. There are thousands of amplitude mapping from DC to half the sampling frequency.  The calculation speed depends on the CPU computing power and length of FFT. The frequency resolution depends on sampling frequency and length of FFT.
The below figure shows the measurement range of a Spectrum Analyzer. It depends on the start frequency and stop frequency(or center frequency and Span). The frequency resolution depends on the value of RBW(Resolution Bandwidth).  The measurement speed depends on the ratio of SPAN/RBW(sweep points).


General FFT on the DSO

Test signal: FSK
sine wave
500mVpp

fmax: 10.2MHz
fmin: 10.0MHz
data rate: 10.0kHz

Fs/2 —
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The results of 2k point FFT calculation are half real (1000 lots) and half imaginary (1000 lots). 1000 amplitudes are produced after taking the absolute value . Correlating the frequency range from DC to half the sampling rate yields a rough resolution, which can not meet the observation requirement of modulated signals.  
The above display from Brand R oscilloscope was set to sampling rate of 100MPS.  It is estimated that its horizontal resolution is 50kHz (100MHz/2000). In fact, we can not distinguish fmax from fmin under this resolution.  Even we reduce or increase sampling rate or increase memory depth, we still can not distinguish fmax and fmin. The biggest problem lies in insufficient FFT points, hence, leading to an insufficient frequency resolution.


RBW = Sampling Rate / Length of FFT

Key Factors: Example: \

) Length of EET The different RBW yalues when
measuring 10MHz signal.

- CPU Computing Power Soint FET:

RBW = 1GSPS/1000 =
RBW = 50MSPS/1000 =

Most DSO has single core CPU N

with clock below 500MHz, has 100k point FFT:
limited floating point computing RBW = 1GSPS/100k = 10kHz
Capablllty => |t’s difficult to \ RBW = 50MSPS/100k = 500Hz /

\\prowde more than 10k FFT. /

MDO-2000E adopts Zyng SoC(dual 1GHz ARM Cortex-A9,FPU
and NEON coprocessor) can provide up to 1M point FFT.
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 The impact posed by insufficient FFT points and insufficient CPU computing power: 
  - The FFT functionality is restricted to the sampling frequency and length of FFT. Users often encounter boundary condition while operating FFT and experience a hindered operation.
  - Can not provide sufficient measurement information


“The Spectrum Analyzer is expensive and the repair

cost Is also not cheap

.Students without sufficient experience in precision instruments will cause a
high repair cost if not paying attention to the operating procedure.

OkHz ~ 1.5GHz

||

A RF INPUT 5 .
MAX+20dBm/50V ¢

OkHz ~ 3GHz 100Hz ~ 8GHz

INPUT 500
+30dBm MAX OV ﬂ

rmmmn
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Ensure proper grounding

- Always use the three-prong AC power cord supplied with the
analyzer.

Proper grounding of the instrument will prevent a build-up of
electrostatic charge which may be harmful to the instrument
and the operator.

Do not damage the earth-grounding protection by using an
extension cable, power cable, or autotransformer without a
protective ground conductor

Check AC power quality and polarity; typical AC voltage
required is 100V, 120 V, 220 V = 10% or 240 V +5%/-10%
Typical expected grounding wire resistance is < 10, the
voltage between neutral and ground line is < 1 V. Install
uninterruptible power supply [UPS] if necessary

For more information, view “"Considerations for Instrument
Grounding - Application Note”

Read the warning labels and spcecifications

- Do not exceed the values provided in the specifications guide
or as indicated by the yellow warning labels on the analyzer.

- Refer to the specification guide for conditions required to
meet with the listed specification. Note information regarding
stabilization time. instrument settings and calibration/

Tips for Preventing Spectrum Analyzer Damage

BErirni e anAalv7er
SIIIL] LIIE ¢ al =

- Avoid front end damage by having some idea of the

signal level to be measured with the spectrum analyzer.
Overpowering the front end can cause damage to the front
end components. Typical maximum RF input signal level is
30dBm (1 W)

- Before turning on or turning off the connected equipment

or the DUT, turn off or reduce the DUT/source power. This
should help to prevent unexpected voltage swell or sag
affecting the input or the output of analyzer

- Properly apply a DC block, limiter or external attenuator as

needed. For more info visit www.keysight.com/find/mta

- For example,

- Keysight Technologies, Inc.'s 11867A RF limiter is avail-
able to provide input protection. It will reflect signals up
toalevelof 1I0W
average power and 100 W peak power. 11867A will
pravide input protection, within the specified frequency
range for the attenuator and mixer for many spectrum
analyzer applications

- 11742A blocking capacitor blocks DC signals below
45 MHz and passes signals up to 26.5 GHz. Ideal for use
with high frequency oscilloscopes or in biased microwave

mirmaske o aall sosarass laas fFraanancas rianals fhat Aaan
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10*log(1W/1mW)=10*log(1000)=30dBm =>  30dBm = 1W
All spectrum analyzers are clearly labeled by the maximum input DC voltage and withstand power (as shown on the left diagrams). Mistakes will occur if not paying attention. 
Material on the right is an application note from a manufacturer to explain how to avoid damage on SA because of improper usage.
The spectrum analyzer of MDO-2000E utilizes the Front End circuit of oscilloscope. Therefore, its vertical accuracy can’t compete with the general spectrum analyzer. But the wider voltage input range, under normal application conditions, can directly test the frequency domain signal with DC component without damaging the instrument. , The MDO-2000E series is very suitable for electronic experiment courses in college and universities, Allowing each student to learn the proper usage of SA.
(The structure of MDO-2000E is based upon oscilloscope hardware platform that can not replace general spectrum analyzer due to the structural restriction. Users with precise amplitude requirement, please purchase GW Instek GSP series spectrum analyzers.)


The brand new definition of mid-class oscilloscope-I\/IDO-ZOOOE?
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 Simultaneously meet the measurement requirement of time domain and frequency domain 


Features

« MDO-2000E provides time domain waveform from
each channel with easy-to-use frequency domain
measurement function.

*Meet the measurement requirement of electronic
experiment courses and allow students to learn how to
observe signals under frequency domain so as to
cultivate problem solving capability for frequency
domain.

*Operation Is identical to that of the general spectrum
analyzer.
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The shortcomings of MDO-2000E SA (case by case elaboration)
Vertical resolution can not compete with that of the general frequency sweeping SA. For the maximum frequency bandwidth, there will be a substantial attenuation (-3dB) 
 The SA update rate of MDO-2000E will be slower because of large computing under Span : large RBW ratio and smaller RBW (higher resolution) (Most of the time, its update rate is faster than that of conventional Swept and tuned spectrum analyzer)
 For users with SA vertical precision requirement, please advise them to purchase GW Instek GSP series. 




System Block Diagram

Down
Converter

Envelope :
RBW Log Detector Video

' > BW Filter

—> Attenuator

Ramp / ‘
Generator

Display
Swept Tuned Spectrum Analyzer
Zynq SoC(FPGA + Dual Cortex-A9 CPU)
DSO Analog A/D High Speed Digital _
—>  EontEnd —> Converter —>  Sampling —> Signal —> Pisplay
System Process

MDO-2000E’s Spectrum Analyzer
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Use FPGA high speed sampling system to compete with the down converter of spectrum analyzer. 

Use  Digital Signal Process to compete with RBW(Resolution Bandwidth) Filter and SA waveform processing. The large computing requirement is processed by  Zynq SoC high speed dual core processor (ARM Cortex-A9, 1GHz)

The computing amount of MDO-2000E SA is five times to that of general FFT. This function can not be realized if not utilizing such a high efficient processor. 



The Core Component — Zyng SoC

Processing System

Flash Controfler Muitiport DRAM Controller
NOR, NAND, SRAM, Ouad SP1 DDR3, DDR3L, DORZ

B o T o e e o A R LU e Tt oy gt s
""."_'-"""Hi";i'.h:\-:} I:""{ L ':l;"l'.':t_'_'.-\.lul,_.:; :E" Ak AL R 'i_'-_\‘:;llw-f'.:i'!'}

14 Oreairi HUE R ¢ il ITace
AN LU Al IR AR LR, diid DR :

n

NEON™DSPFPU Engine ||  NEONDSPPU Engine |
Cortex™ ASMPCore ||  Cortex- A3 MPCore |
| 32/32 KB I/D Caches 32732 KB 1/D Caches

=
g
=
:
£

General Purpose
AXl Ports

2 ADC, M, Programmable Logic File e
WCLEDES  (System Gates, DSP, RAM) D

Multi-Standard 1/0s (3.3V & High-Speed 1.8V) Mubti-Gigahit Transceivers
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* Utilized Xilinx Zynq SoC includes:
FPGA programmable logic circuit (yellow area on the lower left)
MDO-2000E utilizes Xilinx Zynq Soc platform as the core for waveform processing and calculation. The internal Dual Core Cortex-A9 CPU (with 1GHz clock), NEON coprocessor and FPU (Floating-Point Unit) satisfy huge calculation requirements. Some mid to entry level oscilloscopes from other brands are using single core CPU and most of their clocks are under 500MHz, which can’t meet the requirements of large calculation demands. 
* Right diagram shows MDO-2000E utilizing Zynq SoC.



Manual Operation(1)

GUWINSTEK Trig'd 84 Aug’ -
+E.0000M Hz Freq & Span

+6 U00dEY Center
ﬂ 18 . BAEHHz

1 ‘ Span
-39, 60BN . T @ 18 . BBHHzZ

1 Start

18 5 . HHHHHH=
164

- 3. 60dBY
Full span Stop

: - b | |
e

GdBY vV
] To
Center

—

[7:1 18.28@MHz  -25.G6dBV
(sS4 Hel 20dB 2.68Div || CF: 18.8@AMHz || Span: 18.BABMHz RBW: 18.0

SoLurce , Spectrum , Detection , _ , _ ,
CH1 Traces Auto w LR ELE | Bandwidth | Amplitude w AWG
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Source: CH1 ~ CH4
Spectrum Traces: Normal, Max Hold, Min Hold, Average.
Detection: Can be set as Normal, Max Hold…etc. Trace can be set as fixed spacing selected point or maximum value, minimum value, average to display spectrum. 
Freq&Span: Set center frequency and frequency range and quickly set green triangle indicated frequency on the center of the screen. 
Bandwidth: Set frequency resolution and window function. 
Amplitude: Set vertical unit, scale and location
AWG: Quickly switch to AWG menu to easily observe signal changes on spectrum. 
Take this display as an example, select right F2 soft key on LCD and use Variable knob to set Span by a unit of 10Mhz (rough adjustment)


Manual operation(2)

GWINSTEK Trig'd 94 Aug’ _
+5.2000M Hz o Edit

Press "Go Back" key to exit.

+E.400dRY " Center Frequency | <::
i 916,268,008 Hz

-33.60dBY

| W”W‘ WMN”M“ e \WWWW A

-113.6dB

[7:1  10.208MHz = -25.6dBV
EY:CcHl 20dB 2.68Div || CF: 18.28@MHz || Span: 18.@8@MHz RBW: 18.8

Source r Spectrum r Detection r _ r Aot
CH1 Traces Auto Freq & Span JB=ELE A1y mplitude

] zo Back
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Select Center, Span, Start, Stop(frequency) and press Select to enter for value input. 


GYINSTEK

Manual operation(3)

GUWINSTEK

Trig'd
+2.3000M Hz

1% 0.000dEm

:

B4 Aug| -

Detection

Auto
Manual

Sanp le
+Peak
—-Peak

Average
AL

T

-40.00dE m

Normal
Trace
Samp le

(7:1  18.148MHz
(SANOH 28dB

~26.4dBn
3.88Div | CF: 12.386MHz

I Span: 28.888MHz RBW: 20.8

Max Hold
Trace
Sanp le

Min Hold
Trace
Sanp le

Average
Trace
Samp le

Spectrum
Traces

Source

CH1 Bandwidth

Detection ,F 2 S ,
re an
‘Manual s

Amplitude } AWG
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Since the computing result shows each column is corresponding with several lots of data, we can set different sampling method for different Trace.   
Fixed spacing sampling or maximum, minimum, average can be set. 


Manual operation (4)

GWINSTEK Trig'd 87 Aug> _ -
+2 3000M Hz Bandwidth

" RBW Mode
W 0.000dB Auto

I J‘WTW , WMW W

Manual

Span:RBW
| @ 1888 : 1

Window

Hanning

-120.0dEm

[7:1 18.14BMHz  -26.4dBn |
(SA O 20dB 3.88Div | CF: 12.38AMHz || Span: 20.8@BMHz REW: 20.8¢

Source , Spectrum r Detection r _ , Ao
CH1 Traces Auto 2oL RS ERRE Bandwidth mplitude
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RBW can be set manually or automatically 
Span: RBW ratio can be 1000:1. 2000:1 or 5000:1 (the larger the ratio the more lots of data corresponding to each column )
The SA computing of MDS-2000E is based on FFT, therefore, different window functions can be selected to conduct waveform computation. 


Manual Operation(5)

GYINSTEK Trig'd 84 Aug(? _
+2 3000M Hz Amplitude ]

dBY RMS
ﬂ 0.000dE m Linear EMS
dBm

‘ Vertical Units
dBm

Unit/div

I I MW‘ \WW\‘N o

Position
3.88Div

WM

-120.0dEm

[7:1 18.148MHz = -26.4dBn |
(SAHN 28dB 3.88Div || CF: 12.388MHz | Span: 20.88BMHz RBW: 28.0

sSource r Spectrum r Detection r r _ _ r
CH1 Traces Auto }Freq&Span =ELLETGEE  Amplitude AWG
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Vertical unit can be set as dBV RMS, Linear RMS, dBm 

Since the input impedance of MDO-2000E is 1M Ohm, when selecting dBm, BNC must be connected with a 50 Ohm feed-thru termination(GAK-003).
AWG key on the lower right corner can quickly switch to AWG menu.



Spectrum analyzer comparison

1. Compare with Agilent E4402B 3GHz spectrum analyzer
2. Compare with Tektronix MDO-3000 series .

Agilent E4402B

= | 1 | 4 k LE] | = -
o wmel SRS o -/

Tek MDO-3000
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Compared with E4402B — AM Signal
Aglent 143225 Fug & 2917 | Peak Search

Rf@dB Atten 18 dB -14.27 dBm | InpUt Slgnal
Meas Tools»

2 " Peak Sine wave 1MHz
| AM Freq. 50kHz
Marke Next Pk Right qo
—14 27 dBm i Next Pk Left Depth 50 /0

53 FC i ) Trig'd 84 Aug 20817 14:38:24

AA .
_SpanJ:M B 1.88608MHz  -14.4dBn
' e b ,]® 1.8588MHz  -26.4dBn

A5H . BEEkHz A~ 12 .8dB

'RB‘W 1 KH ddt _24BudBHz
Center 1 MHz

#Res BEW 1 kHz VEH 1 kHz Sweep 2.5 5 (481 pts)

CF, Span, RBW are the same  RBW1kH:
E4402B Marker: LM

1.00MHz -14.27dBm. W WWW WWWW

b WWWWW

MDO-ZOOOE Marker rza.m 2. aanr ][ CF: 1. EIE!EIEIMHI )i Span: 1.0000HHz RBA: 18808kl

Spectrum Detectio
E WF req & Span | Bandwidth || Amplitude l AWG

1.00MHz -14.4dBm. races ) uto
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CF: 1MHz, Span: 1MHz, RBW: 1kHz
Under this setting, E4402B updates SA every 2.5 sec
Under this setting, MDO-2000E updates SA every 36 ms

Attention:  when MDO-2000E selecting dBm for vertical level, BNC must be connected with a  50 Ohm feed-thru termination  to obtain a correct measurement value. 


Compared with E4402B — FM Signal
—— B ] TPUSIGREI
" Peak Sine wave 15MHz
megm FM Freq. 50kHz

10.200000 MHz e Left Freqg. Deviation SMHz

-25.51 dBm

Tri gd B4 Aug 26817 11:31:25

18.188MHz  -26.4dBn
o|® 19.848HHz  -26.4dBn
A9.6688HHz A8 .88dB
ddt @.88dB Hz

Z 5p

e e g s 2 25 I | o W WWWW 'WWWM

E4402B Marker: i c|: 15

10.2MHz -25.51dBm

M DO'ZOOOE Marker: @%B?a 148HHz  -26.4dBn

28dB 3.8HDiv ] 5 : 28 .H8EMHz RBH 28. BBBkH

10.14MHz -26.4dBM | | | R’BW ZQ Bandwidth || Amplitude || AWG
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 CF: 15MHz, Span: 20MHz, E4402B RBW: 10kHz, MDO-2000E RBW: 20kHz
Although the RBW of MDO-2000E is larger, from the display we can tell that the frequency resolution of E4402B is not higher. 
Under this setting, E4402B updates SA every 500 ms
Under this setting, MDO-2000E updates SA every 34 ms




Compared with E4402B - FM Signal

BBBB

Fi' Hf B dBm

F|u:c|:|
o Zoom In x4
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(SATIH 28dB___ 3.8@Div_| CF: 15.@8BWHz | Span: 5.80@@MHz RBW: 2.5080kHz |
D i . .
CH1 Traces Auto Freq & Span || Bandwidth || Amplitude AWG
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* Two instruments can not be set under the same settings. We can only compare them with the closest. As shown on the displays, spectrums are very close.    


Compared with E4402B — FM Signal

...... © Agilent  19:01:15 Aug 4, 2017 | BU/Av
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* As shown on the displays, spectrums are very close. 



Compared with E4402B — FM Signal

------ © Agilent 19:17:09 Aug 4, 2017 I BW/Avg
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* As shown on the displays, spectrums are very close. 



Compared with E4402B - FM Signal
m 10:29:05 Aug 7, 2017 " _12%18?8(:]@:”2
' HeasTonIs
Nemeak Zoom In x40
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* Two instruments can not be set under the same settings (E4402B’s minimum  RBW is 1kHz). We can only compare them by the closest settings. As shown on the displays, spectrums are very close.    




Compared with E4402B - FSK Signal
: Agilent  16:2%:47 Aug 4, 2017 S m .
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 CF: 10MHz, Span: 5MHz, E4402B RBW: 3kHz, MDO-2000E RBW: 5kHz
Although the RBW of MDO-2000E is larger, from the display we can tell that the frequency resolution of E4402B is poorer (there are 401 points for E4402B display and 1000 points for MDO-2000E). 

Under this setting, E4402B updates SA every 1.389 sec
. Under this setting, MDO-2000E updates SA every 250 ms



Compared W|th MDQO3000 — AM Signal

Input signal:
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Compared with MDO3000 - FM Signal

IIIIIII
5 IIIIIIII

Il | nput signal:

Sine wave 15MHz

FM Freq. 50kHz
Freqg. Deviation 5MHz

MDO-3000 Marker: ﬂ ﬁ{* MW iy '»1\1"w|[|r\|m”r vmm\(qr\ i tia I
10.20MHz -25.4dBm mﬁ EL A -
_ ﬁT) i l’ ‘ 1[| | ¢|‘l| on o 1o MRZ | 1* “"1‘““{,"M?'“'\I"‘a”lﬂﬂ‘-'“ﬂjI
. MDO-2000E Marker: uw N4
10.14MHz -25.6dBm

5:1 18.148MHz  -25.6dBm
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Compared with MDO3000 - FSK Signal

Input signal:
Sine wave 10MHz
Hop Freq. 10.2MHz
FSK Rate 10kHz

RBW 5 kHz

MDO-3000 Marker:
10.2MHz -14.6dBm.
e MDO-2000E Marker:
10.2MHz -15.2dBm. , S N —

W ﬁ,,f 'm) ﬂ“ Vl lr m I]T[ 1"

i \ﬁ”\ )l“]\)” , l m”l”)))’”)

/ ,J, Ww il ,W Wi m J) il 4{')\
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Observe high frequency signals and
live demo.
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Observing high frequency signals

Use FLUKE 5820A oscilloscope calibrator to input 5Vpp sine wave,
frequencies: 20MHz, 50MHz, 100MHz, 200MHz, 300MHz,
400MHz, 499MHz, 500MHz

GWINSTEK moo-2a0aex

50 Ohm feed thru termination

) | ,1,, ,,; e = / ——— ~—— 8
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Presentator
Presentatienotities
Must use a 50 Ohm feed thru termination


0.0000Hzy
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b A
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Presentator
Presentatienotities
Top display shows MDO-2000E’s spectrum from FLUKE 5820A  to output 5Vpp 20MHz and 50MHz
The vertical scale of MDO-2000E is 1V/div (lower left display)

(Harmonic shown on the display is the actual output of FLUKE 5820A and it is not sampled by MDO-2000E)


A WWMWW WWWM ph i

CF 12

MHz
Span 250 -

RBW 2
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Presentator
Presentatienotities
MDO-2000E Vertical scale: 1V/div.
Displays show MDO-2000E’s spectrum from FLUKE 5820A  to output 5Vpp 100MHz and 200MHz

 (Harmonic shown on the display is the actual output of FLUKE 5820A and it is not sampled by MDO-2000E)
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Presentator
Presentatienotities
MDO-2000E Vertical scale: 1V/div.
Displays show MDO-2000E’s spectrum from FLUKE 5820A  to output 5Vpp 300MHz and 400MHz
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Presentator
Presentatienotities
Lower left display shows MDO-2000E capturing 5Vpp 500MHz Sine wave at 1V/div, now waveform has been attenuated to smaller than one graticule and the sampling rate has reached the ceiling by theory, therefore, waveform amplitude is very unstable . Nevertheless, the measured frequency is still correct. 
Top and right displays show MDO-2000E’s spectrum from FLUKE 5820A  to output 5Vpp 499MHz and 500MHz



A Live Demo
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Presentator
Presentatienotities
A near field probe is used to measure RF signal frequency of a Ford’s remote control. 
 Without using a RF amplifier, MDO-2000E can obtain a correct frequency under the settings of  5mV/div, Center Frequency of 434MHz, Span as 100MHz, and RBW as 100kHz.
 A 50 Ohm feed thru termination was not used because the sensing voltage for near field probe is very smaller. 

(This application example has not been actually tested by customers. We are looking forward to seeing more industrial application cases explored by sales colleagues.)



MDQO-2000E Series

One Oscilloscope ,Two Domains

200/100/70MHz DSO
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Presentator
Presentatienotities
Multi domain oscilloscope and all in one.
 There are three frequencies for selection.  


MDO-2000E Series

Spectrum 25MHz Dual 5,000 Counts LA/SV
Analvzer Channel DMM Power
Y AWG supply
MDO-2000EG V V
MDQO-2000EX V V V V
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Presentator
Presentatienotities
Two models: MDO-2000EG, MDO-2000EX


Q & A Discussion
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