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Demo Guide Overview

The demo guide is to help you to promote key values of Keysight Data Acquisition and
Switching Solutions to the audiences. Please always convey these messages to the audience

before the demo. For more info, please refer to kesyight.com

The Keysight U3900DAQ is an automated test system with excellent measurement performance on
accuracy, resolution, and speed. Powered by an industry-proven and software-controlled switching
system, the U3900DAQ covers a broad spectrum of switching and routing requirements for the teaching

lab. Is easy to use for data logging and monitoring applications, either stand-alone or with a computer.

Solution feature and benefits

e A complete selection of plug-in modules provides high-quality measurement, switching, and
control capabilities

e 20 Channel Multiplexer + 2 Channels for dedicated current measurement

e 20 Channel Actuator/General Purpose Switch

e Dual 4 Channel RF Multiplexer

Demo Guide

There are 2 demos for selection:

e Demo 1: For Basic Electronics Lab — U3900DAQ + ME3000 (DUT). To demonstrate the
capabilities of performing switching and multiple measurements with a single setup.
Ordering information:

1. U3900DAAQ (is included in the demo transit case with all the accessories needed)
2. Oscilloscope (proposed model DSO1002A 60 MHz Oscilloscope or equivalent)
3. 2x oscilloscope probes (N2863A 10:1 ratio probe)

4. Function/Arbitrary Waveform Generator (proposed model 33220A 20 MHz or

equivalent)

e Demo 2: For RF Lab — U3900DAQ (DAQM905A) + U3851A (DUT). To demonstrate the RF

switching capability of the RF Mux, hence realizing the remote learning.

Ordering information:
1. U3900DAAQ (is included in the demo transit case with all the accessories needed)
2. U3851A
3. Keysight FieldFox N9917A



Demo 1: Basic Electronics

Overview

This demo will demonstrate a half-wave rectifier circuit as shown in Figure 1. When the sinusoidal input
voltage (Vi) goes positive, the diode is forward biased and conducts current through the load resistor.
The current produces an output voltage (Vo) across the load which has the same shape as the positive
cycle of the input voltage. When the input voltage goes negative, the diode is reverse biased. Thus,
there is no current or voltage flow across the load. The net result is only the positive half cycle of the

input signal appearing across the load as shown in Figure 2(b).

Vi Vo

Figure 1 — Half-Wave Rectifier Schematic Diagram
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Figure 2 — Half-Wave Rectifier Input and Output Voltages

Objectives

i. To demonstrate the operation of half-wave rectifier circuits
ii. To demonstrate the switching concept through DAQ and measure the output voltage

waveform with different load and capacitor filters on various rectifier circuits.



Equipment and Accessories Required

Provided in the U3900DAQ transit case:

Keysight DAQ970A Data Acquisition System (pre-slotted with 3 modules)
ME3000 Analog Electronics Training Kit

1 x BNC(m)-to-grabber clips coaxial cable

iv. 1 x antistatic wrist strap
V. 8x grabber clips to pigtail jumper cables.
Vi. 11x pigtail to 2-ways 2.54mm connector (F) jumper cables pair
NOT provided:
1. Windows 10 Laptop/PC
2. Keysight DSO1002A 60 MHz Oscilloscope
3. 2x oscilloscope probes (10:1 ratio probe)
4. Keysight 33220A 20 MHz Function/Arbitrary Waveform Generator



Software Required

i). Keysight BenchVue PC software with the following BenchVue app installed:

a. DAQ app
b. OSC app
c. FGApp

ii). Keysight Connection Expert

Caution:

An electrostatic discharge generated by a person or an object coming in contact with electrical
components may damage or destroy the training kit. To avoid the risk of electrostatic discharge,
please wear the antistatic wrist strap and observe the handling precautions and recommendations

contained in the EN100015-1 standard. Do not connect or disconnect the device while it is being

energized.

Setting up the DUT with ME3000

1. Please ensure all the connector (F) jumper cables and grabber clips are connected to the
DUT according to the Test Point (TP0 and Jumper (J) location.
Locate the Diode Circuit section on the ME3000-M1 training kit.

3. Disconnect all the jumpers located in the Diode Circuit section.
Connect the Function Generator, Oscilloscope, ME3000 training kit and the DAQ970A

according to the diagram below:
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DUT Connection Setup
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Instrument Setup

1. Connect the Oscilloscope, Function Generator and DAQ to your PC using their provided USB
cables.
Turn ON the Oscilloscope, Function Generator and DAQ instruments.
Run the Keysight BenchVue software and launch the Keysight BenchVue DAQ App and

load the attached DAQ instrument state (.state file) for Half Wave.

ME3000_HalfWave
rectifier.state

NOTE: Drag and drop the state file to your PC to use it with BenchVue software.

NOTE

If you are asked to load a configuration, select Create NEW (Default).

5. Please ensure Keysight DAQ970A Data Acquisition System pre-slotted with the following
modules installed:
a. Slot #1: Keysight DAQM901A 20 channels Multiplexer
b. Slot #2: Keysight DAQM903A 20 channels Actuator/GP Switch
c. Slot #3: Keysight DAQM905A Dual RF Switch

IMPORTANT

Make sure that the DAQ modules are installed to the specified slots according to the list
above. Failure to do so will cause the provided instrument state files unable to be restored

successfully.



4. After loading the state file, you should see the switch set up according to the picture below:

Half/Full Wave Rectifier QO -5 X

—o/o— —o/o—

214 215
TP11_TP15 TP12_TP16

Switch

—/o— —o/o—

Setting Up the Function Generator
1. Launch Function Generator App by double-click the Keysight 33220A, which is located on the

Instrument Tab (on the right side of the screen).

2. Set the function generator output to a 10 kHz sine wave. Adjust the amplitude to 5 V peak-to-
peak. On the Output function tab, set the Load to High-Z by enabling it. After that, set the
Output to ON.

Click to set ON

Sdlect Waveform




Setting Up the Oscilloscope

1. Launch Keysight BenchVue Oscilloscope by double-click the Keysight DSO1002A which is
located on Instrument Tab (on the right side of the screen). We will be setting the

Oscilloscope according to the table below:

Setting Value

Voltage /Div 1V

Voltage Level Position ov

Time/div 50 us
Trigger Control Edge
Trigger Source Channel 1
Trigger Mode Auto

Enablethe Channell & 2 toread the waveform

on Oscilloscope
Set Voltage/Dy to 1V
Voltage Level Position on Channell & 2 to 0V

10



Set the Trigger Source
to:

® Control- Edge

® Source - Channell
® Mode- Auto

Set Time/drv to 30 us/drv -

11



2. To obtain the peak-peak voltage (Vpp) reading on Channel 1 & 2, Click “Measurement” and

enable Channel 1 on 2 on Vpp section

5. Click the Display on to show the measurement reading on Channel 1 and Channel 2

OMwmOO &
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Setting Up the DAQ Internal DMM
1. Use the built-in DMM to measure the circuit output. Go to the DAQ app > Configure

Channels.
2. Select MUX01 and MUXO02 for scanning.

= Configure Channels - Digitizer Channels ‘- Graphics Setup

Channel Measurement
Number Name Function Range
DAQM901A:20-Channel Armature Multiplexer

101 MUX01 DC Voltage
102 MUX02 DC Voltage

DC Voltage

3. Click the monitoring button.

= Configure Channels }‘ Digitizer Channels \f\-Graphics Setup  + |None Off

Channel Measurement

Number Name Function Range Function

DAQM901A:20-Channel Armature Multiplexer

101 MUX01 DC Voltage

102 MUX02 DC Voltage

4. Select MUX01 to get DC voltage reading of the transformer output.
Monitor Channel Properties

Monitor Channel

Select Channel: None
None
Binary Data Format 101-MUX01 (Vdc)

102-MUX02 (Vdc)

Color

Background v

5. You will able to see the reading.

13



Monitoring - 101-MUX01 (Vdc)  3.092E-004 Vdc &2l

Note: You can switch to MUXO02 to get the Vdc reading of the circuit output.

Begin Labwork

1. Go to the BenchVue DAQ App and switch 214 & switch 215 remains off by default.
This is to connect FG to the diode circuit (via TP9 & TP10) to TP15 & TP16) and to form a Half

Wave rectifier setup.

Half/Full Wave Rectifier

-y

2. Close J3_D1, J9_R3 and J10_R3 switches.

Half Wave Rectifier

— T O O e O

201

202

14



3. You have now constructed the Half-Wave Rectifier circuit and you can now observe the

waveform on the BenchVue Oscilloscope App.

[' t ‘ Trace Data Measurement / Trace Datalog

een Image

Gl e [T,
i 2 3
ov v A I OV v A ov v A ov

-250 ps -200 ps -150 ps -100 ps -50 ps

Trace Preview Screen Pause Update

¥ Statistics

Measure Mean Min

3.581V 160 mV
380.736 mV 130 mV

Pk-Pk(1)
Pk-Pk(2)

Std Dev

1.985 v
421101 mv

=

[\V Run Control
v

150 ps 200 ps 250 ps

Count

3487418
3528662

-

) / SIUBWSINSED

S10S1ND)
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4. Open J9_R3 and J10_R3 and then close J11_R4 and J12_R4 switches.
This will replace the R3 with R4 as the load.
Half Wave Rectifier

‘L,,__,/__,/_HH_/__/__/_

201 202 203 204 205
1301 19 R3 110 R3 111 R4 112 R4

i Run Control

- EHEza

4
=
o
o
0
o
=
]
=
&
~

2

-250 pys -200 ps -150 ps -100 ps -50 ps C 150 ps 200 ps 250 ps

Trace Preview Screen Pause Update
> Statistics

Measure Current Mean Min Std Dev Count

Pk-Pk(1) 4.84V 3.598V 160 mV 1.971 v 3553092
Pk-Pk(2) 116V 395.952 mV 130 mv 432.561 mV 3594196
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13. Open J11_R4 and J12_R4 and then close J5_C2 and J6_C2 switches. This will replace R4
with C2 as the load.

‘ Half Wave Rectifier

4
=
o
o
n
o
3
o)
=
@

]

100 ps 50 ps 0s 100 ps 150 ps 200ps 250 ps
Time

Trace Preview Screen Pause Update
¥ Statistics

a
Measure Current Mean Min Std Dev Count

Pk-Pk(1) 4.84V 4.835V 4.84V 21.182 mV 21223
Pk-Pk(2) 250 mV 289.398 mV 250 mV 26.682 mV 21186

NOTE

You can set the time/div from 50 us to 150 us on BenchVue Oscilloscope App to observe clearer

rippled output voltage on Channel 2(Green).



5. Open J5_C2 and J6_C2 and then close J7_C3 and J8_C3 switches. This will replace C2
with C3 as the load.

'Haif Wave Rectifier

I\J ~ Run Control
v

- EHE

4
4
4]
o
@
@
3
o
=
@

£10S1N7)

-250ps  -200 ps ET T 0 200 ps 250 ps

Trace Preview Screen Pause Update

Measu?e Current Mean Min Std Dev Count

Pk-Pk(1) 4.88V 4.854 V 3.81V 20.455 mV 252934
Pk-Pk(2) 160 mV 271.471 mV 130 mVv 51.005 mV 252459




6. Open J7_C3 and J8_C3 and then close J9_R3, J10_R3, J11_R4 and J12_R4 switches.

This will replace C3 with R3 & R4 in parallel as load.

Half Wave Rectifier

-250 ps -200 ps

¥ Statistics

Measu?e
Pk-Pk(1)
Pk-Pk(2)

7. Open all MUX and switches.

100 ps

Std Dev

156.278 mV
324.679 mV

Run Control

150 ps 200 ps 250 ps

Count

724524
723088




Demo 2: RF Labs

Overview

This demo will demonstrate the capability of the RF Multiplexer which offer broadband switching. The

capability is one of the keys to realize the RF lab remote learning. In this demo, we will make S-
parameter of two DUT: a lowpass filter and a transmission line. Once the connection is set up as

below, we will make use of BenchVue as the user interface for to achieve the remote-control portion.
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Equipments and Accessories Required

iv).
V).
vi).
vii).
viii).

iX).

Xi).

In the U3900DAQ

Keysight DAQ970A Data Acquisition System with DAQM905A (pre-slotted slot 3)
USB Type A to Type B cable x1

X-microwave coaxial connector U3851-22100 x1

In the U3851A

Education hardware kit U3851-66500 x1

SMA M-M cables U3851-61700 x2

N type (M) to SMA (F) adaptors U3800-37603 x2
8lb-in, 5/16 Inch torque wrench 8710-1765x1
Hex screwdriver U3851-33801 x1

LAN Cable 34980-61614 x1

Keysight FieldFox N9917A or anything similar
Windows 10 PC

20



Software Required
iii). Keysight BenchVue PC software with the following BenchVue app installed:
a. DAQ App
b. FieldFox App
iv). Keysight Connection Expert

Demo Setup

1. Place the X-Microwave probes on below locations as shown below. By default, there are
only 3 X-microwave probes on the education hardware kit, please get the 4" one from
U3900ADAQ. You may use hex screwdriver in helping move those X-Microwave probes.

2. Connect the educational hardware kit, FieldFox, and DAQ following the diagram below. The
yellow labels on the SMA(M)-SMB(F) cables will help you setting the connection up. Do take
note that the polarity is not important as both DUTs are passive component.

e ',fr:y“\‘.‘-‘ W
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3. Connect the FieldFox and the DAQ to the PC with LAN cables (in the U3851A) and USB
cable (in the U3900ADAQ) respectively.

4. Launch the BenchVue software. Make sure all the instrument that will be used in this demo

can be found at the right-hand side column, else please add them in.

Keysight BenchVue # Home v ¢ WO O-=x

BenchVue 2020 » Instruments

+ Add

Welcome to BenchVue What do you want to do?
BenchVue makes it simple to connect, control instruments, and automate test sequences for o0 Connect to my instruments
quick access to your test results.

g Install a BenchVue license

- More Topics

Start here...

@ What can I do with BenchVue?

=i, Bench Recent Activity

Use BenchVue and Test Flow app to create and execute test sequences.

] Applications

Browse the available apps and install or start a trial license.

FieldFox
‘m Data Manager

Recall previously-stored test results and export to different formats.

& Library

View manuals, application notes, , Test Flow examples, and more,

5. Launch the FieldFox App and choose the “NA Mode”. The FieldFox App is used for network
analysis. Results can be viewed real time here.

Supported FieldFox Modes

Switch to SA Mode

Switch to NA Mode

6. Next is to setup up the screen to view result that is making sense. The low pass filter has a
cutoff frequency ~200MHz. My advice will be setting up S11 and S21 trace with start and stop
frequencies at 30kHz to 500MHz respectively. The state file here was created with N9917A.
That should work on all FieldFox on BenchVue.

||

N9917A State.state

22



7. Switch “On” the Trigger Continuous to make sure the data is live and hit “Start”.

4 Settings

+ Sweep

Ref 0.00 dB

Points:
- Markers

Coupling:

Trace: Trace 1 ( Channel 1)

All Markers Off

Stimulus:

¥ Value:

Format:

Search Type:

- Trigger
Trigger Source: Internal -

Trigger

) off on
Continuous:

Trigger

o Start Swiitch to SA Mode

Marker Table

& Wl @ [exor

Launch the DAQ app. The DAQ App used for changing the path of DUT that connects to the
DAQ. The DAQ app will automatically detect all modules that are slotted in the DAQ970A
mainframe. At the configure channel page, look for DAQM905A and expand it.

O Keysight BenchVue # Home > Benchw G ®mHO-2x
osc.mnu Dsmgnu W G [P ecotal  Bench Layout:

® BenchVue Test Flow » Instruments

1DAQ // DAQS70A // 10.82.100.215

Q2 &x|LL
‘ Settings Data Logging Settin G F annds Py Graphics Setup |+ |None  off EE K
- Sot1: 0

Measurement Scaling (Mx + B) Alarm Limits.
20-Channel Actuator/General-Pu... n

] o] (5] [ | [0 | [ [ [ e ) [ [ fae el | |+ Add
|

Version: 01.02 < oAC

s

P

Version: 01.02

- slot3:

Scan Module  Switch Module

20-Channel Armature Multiplexe...

The table below shows the connected switches connected to the DUT. The switches will come
in pairs. Make sure the switches are in “Close” mode if you want to measure the DUT.

DUT Switches
Filter 313,323
Transmission Line 314,324

Interchange between the two DUT and look at the S parameters on the BenchVue FieldFox
App.
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