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Moku:Go User Manual

Moku:Go’s Oscilloscope instrument can be used to observeanalyze, measure, and record signals
over time on 2 channels, with an analogue bandwidth of 30 MHz and samplingt125 M5al/s.

Oscilloscopes are the most essential item of test equipment in any electroos lab. Moku:Go’s user
interface makes control and setup of the oscilloscope very efficien

Additionally, there are a wide range of measurements available togethewith a computed math
channel.



Table of Contents

USEI INEBITACE ..ot
Y T Y =] A LU TR
Signal Display Navigation ...........cccouiiiiiiiiirieeeeeeeiiieeeeee e

Signal display position
Display scale and zoom
Auto scale

AXES AN TTACES .. .ceuviiiiieeee ettt e e e e s
EXport data..........cccooeeiiiiii
Y= 1] 0o [

Channels
Timebase
Trigger
Measurement
Voltmeter

Waveform generator ...... ..o
CUISO ittt

User Interface
Time Cursor
Tracking Cursor
Voltage Cursor

PG [0 111 T0] g T=1 I I Y0 | E- TP

File Manager
File Converter

POWET SUPPIY ceeeiieieiieeeiieieieeteeitee e
INSTTUMENT RETEIENCE ..iviieeeee s

Configuring Inputs
Coupling
Navigating your Signal
Trace Selection
Triggering
Trigger Modes
Trigger Filtering
Screen Updae Modes
Making Measurements
Automatic Measurements
Acquisition Modes and Sampling
Acquisition Modes
Interpolation Modes
Display Options
Averaging

\‘//4 ﬁ Sl Scientific Instruments GmbH

//7.\\\ Roemerstr. 67 | 82205 Gilching

................................................. |- T
................................................. Guverrereeeee
................................................. AT

............................................... 24.........

+49 8105 77940 | info@si-gmbh.de | www.si-gmbh.de | Follow us on:m

2 | Moku:Go’s Oscilloscope/ Voltmeter User Manual

© 2021 Liquid Instruments. All rights reserved.



Persistence 30
Math Operations 31
FFT Function 32

\‘//4 ﬁ Sl Scientific Instruments GmbH

//7.\\\ Roemerstr. 67 | 82205 Gilching +49 8105 77940 | info@si-gmbh.de | www.si-gmbh.de | Follow us on:m

3 | Moku:Go’s Oscilloscope/ Voltmeter User Manual © 2021 Liquid Instruments. All rights reserved.



Ensure Moku:Go is fully updated. For the latest information:

www.liquidinstruments.com

N
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User Interface

A 400 s 200 g4 20054 #0041

ID Description ID Description

1 Main menu 5 Waveform generator
2 Save data 6 Play/Pause

3 Signal display navigation 7 Cursors

4 Settings
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Main Menu

The main menu can be accessed by clicking the@ icon on the topleft corner.

S)

Save/recall settings L4
Reset instrument

Power supply

File manager

File converter

Help »

This menu provides the following options:

Options Shortcuts  Description
Save/recall settings:

X Save instrument state Ctrl+S Save the current instrumentsettings.

X Load instrument state Ctrl+O Load last saved instrument settings.

X Show current sate Show the current instrument settings.
Reset instrument Ctri+R Reset the instrument to its default state.
Power supply Access power supply control window.*
File manager Open file manager tool.**

File converter Open file converter tool.**
Help

X Liquid Instruments website Access Liquid Instruments website.

X Shortcuts list Ctrl+H Show Moku:Goapp shortcuts list.

X Manual F1 Access instrument manual.

X Report an issue Report bug to Liquid Instruments.

X About Show app version, check update, or license

information.

* Power supply is available on Moku:GoM1 and M2 models. Detailed information abouthe power supply can be found in Moku:Go
power supply manual.

**Detailed information about the file manager and file converter can be foundat the end of this user manual.
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Signal Display Navigation
Signal display position

The displayed siganl can be moved around the screen by clicking anywhere othe signal display

window and dragging to a new position. The cursor will turn into :Uicon once clicked, drag
horizontally to shift along the timeaxis and drag vertically to shift along the voltageaxis.

The signal display can also be moved hotizontally and vertically wi arrow keys.

Display scale and zoom
Scrolling the mouse wheel zooms in and out along the primary axis. Accessetscroll setting by

hovering the cursor over the - icon.

Icons Description

@ Assign the horizonal axis as the primary axis.

Assign the vertical axis as the primary axis.

Rubber band zoom: hold the primary mouse button to draw a region to
zoom-in, release the button to execute.

Additional keyboard combinations are also available.

Actions Description

Ctrl + Scroll Wheel Zoom secondary axis.

+/- Zoom primary axis with keyboard.

Ctrl +/- Zoom secondary axis with keyboard.
Shift + Scroll Wheel Zoom primary axis towards the center.

Ctrl + Shift + Scroll Wheel = Zoom secondary axis towards the center.

R Rubber band zoom.

Auto scale

Double click anywhere on the signal display window to auto scale the traes.
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Axes and Traces

@

!

ID Button Description

1 ChannelA Trace The time/voltage trace forchannel A. Whenchannel A is active, the
trace will have a lightred fill to the zero-volt level (as shown)

2 Trigger Level Mark Marks the trigger threshold level. Shown against whichever trace is
currently set for triggering (if either).

3 ChannelB Trace The time/voltage trace for channel B. Whenchannel B is active, the
trace will have a lightblue fill to the zero-volt level (hot shown
above).

4 Time Origin Mark Marks the “zero second” point on the time scale. This will be the
trigger point if the Oscilloscope has triggered, otherwise is
undefined.

5 Time Axis Shows the time scale for both channels (the channels always share
the sametime scale).

6 Channel B Origin Mark Marks the “zero volt” level forchannel B.

7 Channel A Origin Mark Marks the “zero volt” level forchannel A.

8 Voltage Axis Shows the voltage scale for the active channel. The active channel i
selected by tapping on the waveform andis indicated by the
shading of the voltage axis and the trace itself.
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O
Rightclick (secondary click) in the signal display area reveals additionalption for the active
channel. You can switch active channel, toggle on and off channels, addr remove reference
trace, or save the current frame on the display via this menu. Optionggarding to cursors and
triggers are covered in detail in later sections.

Select channel

Teggle channel
Show reference trace
Clear reference trace

Save current frame..,

Add time cursor
Add voltage cursor
Add tracking cursor

Remove all cursors

Trigger channel L4
Trigger mode L4
Trigger edge 4
HF reject
Options Description
Select channel Select the active channel.
Toggle channel Turn a channel on/off
Show reference trace Display the current frame as reference trace.
Clear reference trace Clear the current reference trace.
Save current frame Open the export data window.
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Export data

The export data options can be accessed byclicking the @ icon, allowing you to:

Export data X

EXPORT TYPE

> ® Traces O Saeenshot O settings

7

FORMAT

7 @ ov O mat

Y

N

DESTINATION

@——) ® MyFiles O clipboard QO share

Export Close
A A

® ©

ID Description

Select the type of data to export.

Select the exporting format (CSV or MAT)

Enter additionalcomments for the saved file.

Select the exporting location on your local computer.
Click to execute data export.

Click to close the export data window.

o O~ WN B
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Settings

The controls options can be accessed byclicking the icon, allowing you to reveal or hide the
control drawer, givingyou access to all instrument sewngsThe controls drawer containschannels,
timebase, trigger, measurement,and voltmeter settings.

T ® Channel A
Ill" \ @ Source npat 1w

.."r \ Coupling

ID Description
Channel
Timebase
Trigger
Measurement

g b~ WODN B

Voltmeter
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Channels

The channels pane allows you to change the input settings for each ADC channehdjust the input
scalesand coupling, and enable/disable the math channel.

Channel

#® Channel A
Source
Coupling

Probe K

® Channel B
Source -
Coupling

Probe

ID Button Description

1 ChannelA Toggles channel A on/off.

2 Channel A source Changesdata source for channel A. The default is to view data
frominput 1, but channel A may also viewput 2, output 1 oroutput
2.

3 Coupling Toggles between DC/AC coupling

4 Probe Specifies the probe attenuation, if such an attenuating probe is
connected.

5 Math Toggles math channel on/off.

6 Math channel source2 Second channel in Math channel calculationlt is not available for
certain operations, such as FFT.

7 Math operations Detailed explanation about the math operations can be found in
the Instrument Reference — Math Operation section.

8 Math channel sourcel First channel in Math channel calculation

N
—K ald
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Timebase
- o x
™ Timebase
Acquisition
Mode
In\erlh:lahon Xw
Averaging
Timebase

Offset

Sampling rate: 7.81 MS/s &-—{ : J

ID Button

Description

1 Acquisition mode

2 Interpolation mode
3 Averaging

4 Rolkmode Toggle
5 Span

6 Offset

7 Sampling rate

Changes acquisition mode between normal and precision. Detailed
information can be found in thelnstrument Reference- Acquisition
Modes and Samplingsection.

Change the interpolation mode. Detailed information can be found in
the Instrument Reference- Interpolation Mode section.

Displays on screen an average trace taken from this many
consecutive frames. Click the & icon to reset.

Toggles between roll and sweep modes. SeeDisplay Options
section.

Horizontal screen scale. Changes dynamicallwhen zoom in and out
along the horizontal axis.

Horizontal trigger point offset. Changes dynamically whemlrag
along the horizontal axis

Instant sampling rate at the current timebase settingChannels
dynamically when the span changes.
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Trigger

= a b

Trigger

Trigger

5

Mode Aute *
Channel nnel A
Nth event

Holdoft

Trigger type s il
Edge ng

Level

O

Sensitivity
Auto (}
Mode L

Hysteresis

Molse reject

IRl

HF reject

ID Button Description

1 Trigger Settings Pane Mode: Switches between auto, normal andsingle trigger modes.
See Navigating your Signalsection.

Channel: Select the source for the trigger circuit. This can be one of
the Oscilloscope channels,Moku:Goinputs, Moku:Gooutputs.

Nth event: Select up to 65,535 trigger events before actually
triggering the Oscilloscope.

Holdoff: Select a time to holdoffOscilloscope trigger post trigger

event.

2 Tigger type Select between edge and pulse triggering with selectable levels,
edge types and pulse widths Click " to zero the trigger level.

3 Sensitivity Configure auto or manual hysteresis for wise rejection. Configure

HF reject to enable a low pass filter on the trigger circuit, giving
better noise immunity but with a short delay between the trigger
event and detection.

Additional information about the trigger type, trigger sensitivitgan be found in the Navigating your
Signal section.
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Measurement

The measurement paneallows you to add/remove measurements tomeasure frequency,
amplitude, or other properties of a channel. A measurement can be assigned to specific input
channel, math channel, or difference between any two channels.

-, o x

easurament

Add
VT

@% o Frequency -]
5.004 kHz (—-@

397.4 mV

[ rhase e
0.05"

ID Description
Click to add additional measurement tile.
Measurement sourcechannel. Click to loop through the channels

Measurement type.
Measurement value.

g A W N PP

Click to remove the measurement tile.

Click a measurement tile to open the menu taadjust the measurement. The following options are
available:

Options Description

Type Select the measurement type Detailed
explanation about the measurements can be
found in Making Measurementssection.

Channels Select measurement source.

Difference Channels Measure the difference between the
measurement source to another channel.

Remove Remove the measurement tile.
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(W)
Voltmeter

The voltmeter tiles constantly read the voltage level from input 1 and 2nd display them under this
pane.

-nx'

Voltmeter |
-3.179 mV

Channel B (Input 2)

-121.9 pV
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Waveform generator

Moku:Go’sOscilloscope has a huilt-in waveform generator capable of generating basic waveforms
on the two output channek. Detailed instructions for the waveform generator instrument can be
found in Moku:Go waveform generator manual.

V AV4 h AV AV ok v \Y4 AV N \{ﬂ_
&) () Q
600 s 400 s 200 s iy 2005 40045 G005 1

O (1)
T Dutput 1 T Output 2
e /X/ - gﬂu
® ¢ el

.
(oooo[*)
= Amplitude 10.000 0 Vpp
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cursor

The cursors can be accessed byclicking the Jon, allowing you to add voltageor time
cursors, or remove all cursors. In addition, you can click and hold the esors icon, and drag
horizontally to add atime cursor, or vertically to add avoltage cursor.

User Interface

4 Duillosope - MokiGo = 0
\ @ r,r l_____,q\ f/\\ & #’A\\\ lf/‘\-\l\ ("‘\\ : \\ E
/ [ .lf [ \ / \
/ | f \
m\w || / \ . I|lr “I ;I,-' rﬂ ,“‘ ".‘ I".I ,I \
I \'l, | \". ."lll II‘-. !.' . / ".‘ Ir" \ \ Ill" \ o
\ .llll I\ ': \ .'II \ |‘I'. f I' / \
VI XEW, \ \ | iy, \
i \'\ .l';l / II'-. / \'-. / II'-. .l‘l. “I\
e \/ \/ N/ v L% L 48 h
b A A
——————————————————————————————————————— iy e
B
i ) N
00 3 400 3 200 py ] 200 b1 400 gy B0 1
ID Parameter Description
1 Time reading Rightclick (secondary click) to reveal time cursor optionsDrag left or
right to set positions.
2 Time cursor Color represents the channel of the measurement (Gray
Unattached, Red — channel 1 Blue — channel 2).
3 Voltage cursor Drag up or down to set positions.
4  Cursorfunction Indicates the current cursor function (max, min, max hold, etc).
5 Voltage reading Rightclick (secondary click) to reveal voltage cursor options.
6 Reference indicator Indicates the cursor is set as reference. All other cursors in the same

domain and channel measure the offset to the reference cursor.
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Time Cursor

Rightclick (secondary click) to reveal time cursor options:

-388.5 ps

Tirne Cursor

Attach to trace 4

Reference

Remove

Options Description
Time Cursor Cursor type.
Attach to trace Choose to attach the time cursor to input 1, input 2. Oncthe

cursor is attached to a channel, it becomes to a tracking cursor.
The tracking cursor gives continuous voltage reading at the set

time position.
Reference Set the cursor as the reference cursor.
Remove Remove the time cursor

Tracking Cursor

Rightclick (secondary click) to reveal tracking cursor options:

LA™ /\
( 63.75 mV | -388.7 s )
1 1

| \ Tracking Cursor

Channel L4

Detach from trace

| Remove

| \ /
Options Description
Tracking Cursor Cursor type.
Channel Assign the tracking cursor to a specific channel.
Detach from trace Detach the tracking cursor to a time cursor.
Remove Remove the time cursor
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Voltage Cursor

Rightclick (secondary click) to reveal voltage cursor options:

— Max = 2035 mV = @) —

1 Voltage Cursor

Manual
Track mean

v Track maximum
Track minimum
Maximum hold

Minimum hold

Channel ’

v Reference

Remove
\/

Options Description
Voltage Cursor Cursor type.
Manual Manually set the vertical position of thecursor.
Track mean Track the meanvoltage.
Track maximum Track the maximum voltage.
Track minimum Track the minimumvoltage.
Maximum hold Set the cursor to hold at the maximum voltage level.
Minimum hold Set the cursor to hold at minimumvoltage level.
Channel Assign the voltage cursor to a specific channel.
Reference Set the cursor as the reference cursor.
Remove Remove the voltagecursor.
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Additional Tools

Moku:Goapp has two builtin file management tools: file manager and file converter. The file
manager allows user to download the saved data from Moku:Go to local comper, with optional
file format conversion. The file converter converts the Moku:Go’s bingr(.l) format on the local
computer to either .csv, .mat, or .npy format.

File Manager

[ File Manager *® ]
& seisetan &——= Delete the selected file
[ MokubataloggerData_20210223_1154345 4348 %. Browse and select file to download from Moku:Go
1 fifes, 4.3 kB in total
Convert to
O None O esv @ manas O Humey «<——=e Optional file format conversion
Download
AN DSBS P Downioss €——e Select a local folder/download the selected file

Once a file is transferred to the local computer, 88 icon shows up next to the file.
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File Converter

B Liguid Instruments File Converter — *
File Help

Drag files or folders here

‘ €——e Drag .li file here to convert

Choose export format

® csvy ® mat O .npy €—= Select output format

The converted file is saved in the same folder as theriginal file.

Liquid Instruments File Converter has the following menu options:

Options Shortcut Description
File
X Open file Ctrl+O Select a .li file to convert
x Open folder Ctrl+Shift+O Select a folder to convert
x Exit Close the file converter window
Help
X Liquid Instruments website Access Liquid Instruments website
X Report an issue Report bug to Liquid Instruments
X About Show app version, check update, or

license information
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Power Supply

Moku:Go Power supply is available on M1 and M2 models. M1 features acBannel power supply,
while M2 features a 4channel power supply. The power supply control window can be accessed in
all instruments under the main menu.

The power supply operates in two modes: constant voltage (CV) or constant current (CC)mode.
For each channel, the user can set a current and voltage limit for the dput. Once a load is
connected, the power supply operates either at the set current or set vaage, whichever comes
first. If he power supply is voltage limited, it operates in the CV mode. If theqwer supply is current
limited, it operates in the CC mode.

& Power sum ,
— v | v |

17

5-5V 0-150 mA 0-16V 0- 150 mA

5.000 V 150 mA 16.000 V 150 mA
-1_501 v 151 mA 0.000 V 0.000 A
®—) e ®c ® o ® ‘
' |
l v | v | |
0s-5v 007-1A 0s-5V 007-1A
5.000 V 1.000 A 5.000 V 1.000 A I
0.000 V 0.000 A 5.000 vV 500 mA
[ _Na ® ® v ® ccC
ID Function Description
1 Channel name Identifies the power supply being controlled.
2 Channel range Indicates the voltage/current range of the channel.
3 Set value Click the blue numbers to set the voltage and current limit.
4 Readback numbers  Voltage and current readback from the power supply, the actual
voltage and current being supplied to the external load.
5 Mode indicator Indicates if the power supply is in CV (green) or CC (red) mode.
6 On/Off Toggle Click to turn the power supply on and off.
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Instrument Reference

Configuring Inputs

Coupling

Moku:Goincludes a switchable AC/DC coupling circuit on each input. This iagctivated from the
channels tab.

For most applications, DGcoupled is the preferred option;this does not filter or modify the signal in
any way.

AC-coupled acts as a highpassfilter, removing the DC component of the incoming signal (and
attenuating other components with a frequency below the coupling corner). This is usefulhen
you're looking for a small signalon top of a large DC offset. Doing so can give better precision thn
simply scrolling the trace up the screen, as it may avoitMoku:Go activating its internal attenuator

(see Gain Ranges.

Navigating your Signal

Trace Selection

Moku:Gad's Oscilloscope can display up to two signal traces, plus anath trace. Each signal trace
may either be the analogue nput (default) or a preview of theanalogue output if the waveform
generator is active.

To turn a trace on and off, clickhe slider next to the corresponding traceon the channels tab.

To change the source of a channel, click the Source dropdown box of thehannel, then select
between the input channels and output channels.

Triggering

The triggering circuit of the Oscillosope allows you to indicate what kind of signal event you're
interested in. This event will then be aligned to the “zero second” mark ofhe time axis. Common
events that can be triggered are simply times when the signal riseor falls past a particular voltage
these are “rising edge” and “falling edge” triggers respectively The particular voltage which the
signal must pastis called the “trigger level”.

Data to be displayed before the trigger point (negative values on the e axis) is called “pre
trigger” data and data after, “posttrigger” data. Moku:Go's Oscilloscope can record and display a
maximum of 16,384 points of prerigger data but as many as 2? points of post-trigger. In practtce,
this limits the distance that you may scroll to the left and right.

In the Oscilloscope, the trigger level is set from thetigger tab, or by dragging the trigger marker on
the screen. Other trigger parameters such as the event to be triggered upon anthe channel to be
monitored are also on this tab.

\‘// ﬁ Sl Scientific Instruments GmbH
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Trigger modes describe how the Oscilloscope responds to several trigger events. The options are
“Auto”, “Normal”, and “Single” triggering.

Trigger Modes

“Normal” trigger mode will only trigger, and therefore update the diplay, when a trigger event is
detected. This 5 very useful if you only care about the signal around the trigger eventut you
cannot view the signal in realtime without a stream of triggers (e.g. for a DC signal or while setting
up the trigger in the first place).

“Auto” trigger mode acts like “Normal’; however, if no trigger event has been detected in a short
while, it will generate a fake event, causing the display to update. The deafrom a real trigger to a
fake one is longer than that between fake events, so the signal can be vieweth reaktime without
triggers while still giving time to view events around a trigger if ne does arrive.

“Single” trigger simply captures the first trigger event then stops acquisiin until the user starts it
again. This is useful when you need time to study yousignal in detailor to capture a specific signal
event for sharing or saving.

Trigger Filtering

Often a signal will be noisy and setting a simple trigger event such agising edge” may cause a
trigger event due to noise rather than due to the underlyingsignal. Moku:Gads Oscilloscope has
two features to help reliably trigger on noisy data: noiseeject and high-frequency (HF)reject.

Noise reject adds a small amount of hysteresis to the trigger event. This sps the trigger firing
several times as noiserepeatedly crosses the trigger threshold the rising and falling events
happen at different levels.

High-frequency (HF)reject passes the trigger signal through a lowpass filter before looking for the
trigger event. This smooths out the noise, allowing th trigger circuit to observe just the underlying
signal. The tradeoff is that this filter introduces some delay in the signal, offsetting theigger event
from the actual data.

Screen Update Modes

As you zoom out, you will come to a point where the dis@yed time span is longer than the time
between screen updates. In this case, thelscilloscope will enter one of two update modes:sweep
or roll.

Sweep Mode

Sweep mode is the default ifroll is not active. Insweep mode, the screen will only update once a
trigger event is received. At this time, all the currenthgaptured data (all the data before the trigger
point) will be updated on the screen at once. New data will be shown otthe screen as it arrives,
with the new data progressively “sweeping” across the screen.

This mode is useful when you still require trigger events despite the low da rate.

Roll Mode

If roll mode is active, trigger events are completely ignored. Instead, atiew data is displayed on
the screen in real time with the most recent data on the right of screen. This causeke trace to roll
from right to left continuously.
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Use this mode if you want to view all your data in real time and n@hger care about aligning the
data by trigger.

Making Measurements

Automatic Measurements

The Oscilloscope can automatically make a number of measurements on your data real time.
Automatic measurements can be accessed in the measurement tab. Add a neweasurement by
clicking the “Add” button, you can charge a measurement by clicking on the measurement tileThe
available measurements aredescribed below.

Name (unit) Description

Frequency Hz) Frequency of the signal as determined by the time between
rising or falling edges.

Phase Phase ofstrongest frequency component with respect to a
perfect sine wave.

Period (9 Time between pairs of rising or falling edges.

Duty Cycle (%) Ratio of the time spent above the median to that spent below it.
Pulse Width (s) Time the signal spends above themedian.

Negative Width (s) Time the signal spends below the median.

Mean (V) Average value of the signal

RMS (V) RootMean-Square value of the signal

Cycle Mean (V) Average value of the signal, discounting partial cycles at the

beginning and end of the frame.

Cycle RMS (V) RootMean-Square value of the signal, discounting partial cycles
at the beginning and edge of the frame.

Standard Deviation (V) Mathematical description of the spread of the points in the signal
Peak to Peak (V) Difference between the highest and lowest voltage in the signal.
Amplitude (V) Difference between the high- and low-level voltage, excluding

over- and undershoot.

Maximum (V) Highest voltage in the signal
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Minimum (V) Lowest voltage in the signal

High Level (V) Highest voltage in the signal, excluding overshoot.

Low Level (V) Lowest voltage in the signal, excluding undershoot

Rise Time (S) Time taken for the signal to transition from 10% to 90% of the way

from minimum to maximum.

Fall Time (s) Time taken for te signal to transition from 90% to 10% from
maximum to minimum.

Rise Rae (V/s) Rate at which the signal transitions from 10% to 90% of the way
from minimum to maximum

Fall Rate (V/s) Rate at which the signal transitions from 90% to 10% of the way
from minimum to maximum

Overshoot (V) Distance the signal shoots above the maximum level before
settling

Undershoot (V) Distance the signal shoots below minimum level before settling

Fringe visibility @0 Measurement of interference
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Acquisition Modes and Sampling

The Oscilloscope processes data in two stages. First, data is acquired from éhanalogue-to-digital
converters (ADCs) down-sampled, and stored in memory. From there, the data is aligned relative to
the trigger point and displayed on the screen.

Both of these operations require down or up-sampling of the data (reducing or increasing the total
number of data points) and the method for doing this can provide incrased precision and different
aliasing behavior.

Acquisition Mode s

The acquisition mode refers to the processof capturing the data and storing it in Moku:Gts
internal memory. This is always dowssampled.

Normal Mode: Extra data is simply removed from the memory (direct dowsampled). For example,
the ADC is running atl25MSPS and the selected time span on the Mokio’s Oscilloscope
requires IMSPS, then 124ut of 125points will be ignored.

This can causethe signal to alias and doesn’t increase the precision of the measurent. It does
however provide a view-able signal at all timespans and all input frequencies.

Precision Mode: Extra data is averaged to the memory (decimation). For example, if the ADE
running at125MSa/sand the selected time span on theOscilloscope requires1 MSa/sthen 125
consecutive samples will be averaged to produce one data point in th memory.

Thisincreases precision and prevents aliasing, however if you have the wrongme span selected
for the signal then all points can average to zero (or close to it), makingappear like no signal is
present.

A common workflow would be to usenormal mode to find the signal and align it as you want, then
switch to precision mode to improve the signal quality for measurement.

Interpolation Modes

Once the data is in the memory, it needs to be displayed on the screen. This ay be down-
sampling or up-sampling, depending on zoom level. Downsampling is done by Cubic Spline
Interpolation and cannot be configured by the user. Upsampling mode can be selected and is one
of Linear, Sin X/X or Gaussian.
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Linear
Linear interpolation does not perform any up
sampling. Fordisplay, t marks each point in the
original data set and draws a straight line between
them. This is “ugly” but doesn't “invent” any new
data points.

Sin X/X

Also called “Sinc” interpolation, this mode
preserves the frequency characteristics of the
signal. In he time domain though, it can appear
that there is over or under-shoot that is not in fact
present in the signal.

Use Sin X/X if your signal is sindike; it does not
include significant frequency components that have
been removed by filtering or decimation.

Gaussian

Gaussian interpolation “smooths” the signal out,
preserving the visual characteristics of the signal at
the expense of frequency information.

Use this mode if your signal is squardike; it
contains harmonics or other signal elements that
have been removed by filtering or decimation.
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Display Options

When displaying dataon the screen, the Oscilloscope can provide waveform averaging to reduce
noise and persistence to catch brief events. Averaging angbersistence are not exportedfor either
channel or high-res data, seeSaving and Sharing Data

Averaging

Drag the slider to average the given number of waveforms on the screen. the signal is strictly
repetitive then this can give you improved precision and noise performancelf not, this mode
should not be used.

Persistence

Drag the slider to keep the given number of old waveforms on the screen, fading out. Dragging the
slider all the way right will set infinite persistence, in which wavefms are never erased from the

screen.

Persistence is useful for capturing events that would otherwise onlipe on the screen for one
frame.
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O
Math Operations

The Oscilloscope can perform real time math operations on the incoming datand display it as a
third channel This math channelis different from the measurements above; measurements can be
configured to be performed on the math channelrather than on a physical inputthannel.

Operation Symbol Description

Addition + Sum of two channels.

Subtraction - Difference of two channels.

Multiplication X Product of two channels. The two channels can be the same,

giving a squaring of thesignal values.

Division y Ratioof two channels.

XY XY Plots a trace whose horizontakxisis not time, but the voltage of
the selected channel.

Integral 3 Discrete time-integral (running sum) of the trace

Derivative d/dt Discrete time-derivative (pointwise difference) of the trace

FFT FFT Fast Fourier Transform of a trace, giving the frequency domain
representation. This mode is complex and described in more
detail below.

Min Hold Min hold | Minimum hold

Max Hold Max hold | Maximum hold

User entered fO A user-defined math function

function
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FFT Function

The FFT math channel gives the user the frequencgomain representation of the input data. This
can be useful for quickly checking parameters in that domain. In generaihe user should switch to
Moku:Gad's Spectrum Analyzer instead,gaining access to advanced features that drastically
improve the quality of the measurement

Limitations of the FFT function of thescilloscope include:

x The FFT is subject to aliasing, depending on acquisition modéMoku:Gds Spectrum
Analyzer instrumenthas an advanced DSP antaliasing chain, minimizing the effect of
unwanted signals.

X The FFT is not windowed The Spectrum Aalyzer provides a range of different windows for
minimizing harmonicsand spurs, improving amplitude accuracyand so on.

X The FFT has a fixed frequencyesolution set by the time span. TheSpectrum Analyzer has
a fully-configurable Resolution Bandwidth (RBW).

X The FFT has its span completely defined by the time span. The SpectruAnalyzer can
have any span, providing much more detail around the signal dhterest.
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Ensure Moku:Go is fully updated. For the latest information:

www.liquidinstrumentscom
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Waveform Generator

"\ Moku:Go User Manual

Moku:Go’s Waveform Generator is designed to generate common signalsitin high accuracy and
configurability across two independent output channelsThe outputs are precisely adjustable for
frequency, phase and amplitude. Further, the outputs may be modulated ith a variety of internally
generated or external signals and there are flexible, programmable wgers.
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Ensure Moku:Go is fully updated. For the latest information:

www.liquidinstruments.com

+49 8105 77940 | info@si-gmbh.de | www.si-gmbh.de | Follow us on:m

\‘//4 ﬁ Sl Scientific Instruments GmbH

//7.\\\ Roemerstr. 67 | 82205 Gilching

3 | Moku:Go’s Waveform Generator User Manual © 2021 Liquid Instruments. All rights reserved.



User Interface
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Main menu

Configure frequency / period
Configure waveform offset
Enable / disable output
Waveform shape

Configure modulation
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Configure displayed parameter (Out 1)
Configure displayed parameter Qut 2)
Configure ramp symmetry

Switch between frequency and period
Switch between frequency and period

Sync phasewith copy settings between channels can be acces®d by right click (secondary click)
menu on the main user interface.The settings onone output can be instantly applied tothe other
output with copy setting. And the phase between two channels can be aligned withsync phase

/’\
o

5 Syme phase

T Copy settings fram Output 2
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Main Menu

The main menu can be accessed by pressing the@ icon on the togeft corner.

S)

Save/recall settings L4
Reset instrument

Power supply

File manager

File converter

Help »

This menu provides the following options:

Options Shortcuts  Description
Save/recall settings:

X Save instrument state Ctrl+S Save the current instrument settings.

X Load instrument state Ctrl+O Load last saved instrument settings.

X Show current sate Show the current instrument settings.
Reset instrument Ctri+R Reset the instrument toitss default state.
Power supply Access power supply control window.*
File manager Open file manager tool.

File converter Open file converter tool.
Help

X Liquid Instruments website Access Liquid Instruments website.

X Shortcuts list Ctrl+H Show Moku:Go app shortcuts list.

X Manual F1 Access instrument manual.

X Report an issue Report bug to Liquid Instruments.

X About Show app version, check update, or license

information.

* Power supply is available on Moku:Go M1 and M2 models. Detailed informath about power supply can be found in Moku:Go power
supply manual.
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Output Configuration
Enable / Disable Outputs

0 shows the output channel is déabled, click to enable

o shows the output channel is enabledclick to disable

Note on impedance

Moku:Go’s outputs have an impedance of 200 . As such, voltages supplied to a 50 load will be
reduced and not recommended.

Waveform types

Each channel can be set to generate one of five predefined waveforms.

Sine Square Ramp Pulse

Each of Sine, Square and Ramp can be configured for Frequency, Amplitud®ffset and Phase.
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Sine Wave
& Genaratoe - Mokt demo - o =
G
U @
Nﬁ:r
= Amplitude 10.000 0 Vpp
ID  Description ID Description
1 Amplitude (High Level) 3  Offset (LowLevel)
2 Signal Frequency (Period) 4  Phase

Click Parameter Sttings pill or bar to change. Parameter bar can show different representationsf
many parameters; these alternative representations are shown in brackets.

Square Wave

e - o x
o
v @
b —~@EED—
Phase % 45.000 °
ID Description ID Description
1 Amplitude (High Level) 4  Phase
2 Signal Frequency (Period) 5 Duty Cycle

3 Offset (Low Level)

Click ParameterSettings pill or bar to change. Parameter bar can show different representationsf
many parameters; these alternative representations are shown in brackets.

*Above 2.5 MHz, the duty cycle range islimited between 32% to 68%
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Ramp Wave
O,
@ G ) o
= Frequency 50.000 000 000 kHz
ID Description ID Description
1 Amplitude (High Level) 4  Phase
2 Signal Frequency (Period) 5  Symmetry

3 Offset (Low Level)

Click Parameter Settings pill or bar to change. Parameter bar can show differerggresentations of
many parameters; these alternative representations are shown in brackets.

=

N

N7
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Pulse Wave

I o
o)
0.0000 V
ID Description ID Description
1 Amplitude (High Level) 4  Phase
2 Signal Frequency (Period) 5 Pulse Width
3 Offset (Low Level) 6 Edgetime

Click ParameterSettings pill or bar to change. Parameter bar can show different representationsf
many parameters; these alternative representations are shown in brackets.

€ ga—nmhm -

DC wave

—~

DC level 250.0 mV

ID  Description
1 DC level

Click ParameterSettings pill or bar to changethe DC level
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Modulation types

Moku's Waveform Generator supportsa variety of modulations. Modulation is available on all
waveforms except DC. Ramp waveformcan only be amplitude modulated; but all other
waveforms can be Amplitude, Frequency or Phase modulated and can be caimuous or triggered
in burst or sweep modes.

Amplitude modulation

€ W Gt - Mok o - o x

H H -

o
Phase 80.000 *
ID Parameter Description
1 Frequency Only for “Internal” modulation; the frequency of the sine wave being
used for modulation.

2 AM Depth Fractional depth of modulation. 100% depth will reduce the signal

amplitude to zero for a fullrange negative modulation signal

3 Modulation Source The modulation source can be a Mku input; the other Moku output
or a “internal”, an internallygenerated sinewave.
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Frequency modulation

€ Wawlorm Generatos - MokiGo dems = 0O ¥
) H | o
L : ) O
FM deviation 1.000 kHz
ID Parameter Description
1 Frequency Only for “Internal” modulation; the frequency of the sine wave being
used for modulation.
2 FM Deviation Fullrange frequency deviation. A fullrange input signal will vary the

output frequency by this amount.

3 Modulation Source The modulation source can be a Mku input; the other Moku output
or a “internal”, an internaly-generated sinewave.

Phase modulation

A ST - o x
i j S
U @

PM shift 90.000 °
ID Parameter Description
1 Frequency Only for “Internal” modulation; the frequency of the sine wave being
used for modulation.
2 Depth Fullrange phase deviation. A fullrange input signal will vary the

output phase by this amount.

3 Modulation Source The modulation source can be a Mku input; the other Moku output or
a “internal”, an internallygenerated sinewave.
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Sine, Square and Pulse waves can be triggered from an external sourceh& behaviour upon
receipt of the trigger signal varies according to the triggemode.

Triggered modulation modes

Burst
4 Wavetorm Gensratos - Mok Go dem ? = . O %
l ] s
PM shift (g é 90.000 °
ID Parameter Description
1 Cycle count N - Cycle mode only. The number of cycles to gnerate
before re-arming.
2 Burst period Total period of time for the burst.
3 Trigger source One of:

Internal: Trigger automatically at the defined rate

External: Trigger event on from rearpanel external trigger input
Input: Trigger from associated input channel, at given voltage
Output: Trigger from opposite output channel, at given voltage

4 Mode One of:
Gated: Continue to generate the output signal while ever the trigger
event is asserted (leveltriggered)
Stant: Begin generation of the waveform on trigger, continue
indefinitely.
N Cyde: Upon receipt of trigger signal, generate this many cycles of
the waveform then re-arm.
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Sweep

= Wavetmm Gensvslor - Mok Go demo - o x
() RS D Q
Sweep time 1.000 s

Sweep modulation acts like frequency modulation with a sawtooth, wheréhe sawtooth starts on
the trigger event.

ID Parameter Description

1 Start Frequency Waveform frequency at the trigger event (sweep start)
2 EndFrequency Waveform frequency at the sweep end

3 Trigger Source One of:

Internal: Trigger automatically at the defined rate

External: Trigger event on from rearpanel external trigger input

Input: Trigger from associated input channel, at given voltage

Output: Trigger from opposite output channel, at given voltage
4 Sweep Time Time between sweep start and end
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Power Supply

Moku:Go Power supply is available on M1 and M2 models. M1 features acBannel power supply,
while M2 features a 4channel power supply. The power supply control window can be accessed in
all instruments under the main menu.

The power supply operates in two modes: constant voltage (CV) or constant current (CC)mode.
For each channel, the user can set a current and voltage limit for the dput. Once a load is
connected, the power supply operates either at the set current or set vaage, whichever comes
first. If he power supply is voltage limited, it operates in the CV mode. If theqwer supply is current
limited, it operates in the CC mode.

& Power sum ,
— v | v |

17

5-5V 0-150 mA 0-16V 0- 150 mA

5.000 V 150 mA 16.000 V 150 mA
-1_501 v 151 mA 0.000 V 0.000 A
®—) e ®c ® o ® ‘
' |
l v | v | |
0s-5v 007-1A 0s-5V 007-1A
5.000 V 1.000 A 5.000 V 1.000 A I
0.000 V 0.000 A 5.000 vV 500 mA
[ _Na ® ® v ® ccC
ID  Function Description
1 Channel name Identifies the power supply being controlled.
2 Channel range Indicates the voltage/current range of the channel.
3 Set value Click the blue numbers to set the voltage and current limit.
4 Readback numbers  Voltage and current readback from the power supply, the actual
voltage and current being supplied to the external load.
5 Mode indicator Indicates if the power supply is in CV (green) or CC (red) mode.
6 On/Off Toggle Click to turn the power supply on and off.
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Instrument Reference

Waveform Types

The Mokulab’s waveform generator is programmed to generate one of five diférent signals, each
with optional modulation.

Sine Wave

The Sine wave is the simplest dynamic signal in the Moku. It features extremdyw harmonic
distortion; it's very close to a pure single frequency.

The Sine wave can be modulated by albvailable modulation types. Moreover, it forms the basis of
the “Internal” selectable modulation source, providing a modulating wveform regardless of
whether either channel of the Moku is currently outputting a Sine ave.

Square Wave

The Square wave is a lowjitter waveform witha variable duty cycle and high slew rates. The high
analogue bandwidth of the Molu gives very sharp rise and fall times, highly desirable in many
applications. If you require slewrate limits a variable duty cycle in your application, see Pulse
Wave below.

Ramp Wave

The Ramp wave consists of linear ramps from low level to high and baagain. The ratio between
the time spent rising and the overall period is referred to as thesymmetry. If you equire
configurable dwell times at the high or low levels but common rise amh fall times, you may use the
Pulse Wave with large edge times.

Pulse Wave

The Pulse wave is like the Square wave but has configurable edge times & and fall time). The
trade-off is that at high frequency, Pulse has slightly worse edge jitter behavis compared to the
Square wave.

DC
Provides a high precision, fixed reference voltage at the output.

Waveform Parameters

Amplitude
Applicable To: Sine, Square, Ramp, Pulse

Amplitude is specified as a Peakio-Peak value; that is, the high level minus the low level. If you
wish to specify the high and low levels explicitly, tap the Amplitudgill then the Toggle Arrows in
the parameter bar; or just tap the Amplitude label in the Settings Drasv to toggle between the two
representations.

Frequency
Applicable To: Sine, Square, Ramp, Pulse
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Specified in Hertz. Can also be represented as period in seconds by faping the Frequency label
in the Settings Drawer, or the Toggle Arrows in the parameter bar.
Offset

Applicable To: Sine, Square, Ramp, Pulse
Average value of the Sine wave over time. The alternative representatioof this parameter is Low
Level, which combined with High Level also specifies Amplitude.

Phase
Applicable To: Sine, Square, Ramp, Pulse

Defines the phase of the waveform with respect to the Mokis internal reference. By tapping the
“Sync Phase” button in the Settings Drawer, this phase also becomes eglve to the other output
channel.

Symmetry

Applicable To: Ramp

Ratio,in percent, between the time spent on the rising edge and the overall period. In therhit of
0% and 100% symmetry, the ramp wave becomes a sawtooth (zérgse and fall times respectively).

Pulse Width

Applicable To: Pulse

Positive width of thepulse. Any specified Edge Time is split equally between the Pulse Widtand
the rest of the cycle; that is, duty cycle is preserved when altering EdgTime.

Edge Time

Applicable To: Pulse

Time taken to transition from low level to high and vicesersa. Thislimits the slew rate of the signal
which can be advantageous in some applications. Edge Time is split betweehigh and low time
equally, preserving duty cycle.

Duty Cycle

Applicable To: Square

The percentage of one period that the signal is active, or nofzero. This is similar to pulse width
except that the edge time is not factored into the duty cycle due to the fastise and fall times.

DC Level
Applicable To: DC

Fixed voltage to output.

! The minimum rise and fall time of the Moku:Lab is actuallyr@friszero, which means in practice that the output
can never achieve exactly 0% or 100% symmetry, even if specified.
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Modulation Types and Trigger Modes

Modulation Sources
Each modulaton type can be driven by one of three sources.

Internal

Modulation is driven by an internallygenerated sine wave of configurable frequency. The
amplitude of this wave is “full range”, in that it will modulate to the deth specified when
configuring the modulation type.

Input

Modulation for a given channel is driven by the corresponding analoge input (i.e. Output 1 can
only be modulated from Input 1, Output 2 from Input 2). The depth is spiéied per volt on the input.

Output

Modulation for a given channé is driven by the opposite analogue output (i.e. Output 1 is
modulated by the waveform on Output 2 and viceversa). This allows the user to doublynodulate a
signal by modulating a signal on one channel, then using that signal tmodulate the opposite
channel. This can be useful for example when you wish to generate an “ideal” modulat signal on
one channel, but then perturb the phase, frequency or amplitude in order to tedsa system’s
response.

Trigger Sources
Burst and Sweep modes depend on the detection of a trigger event. There arehiree possible

sources for this event.
Internal

The trigger event is generated automatically at a given rate (specified p@d).

External

A rising edge on the backpanel External Trigger Input is used as the trigger source. For trigger
level and precision characteristics, refer to the Moku:Lab Technic&pecificationsavailable at
www.liquidinstruments.com.

Input

The corresponding Analogue input is monitored for a rising edge pasthe specified voltage.
Output 1 can only be triggered from Input 1; Output 2 from Input 2.

Output

The opposite Analogue output is monitored for a rising edge past the gecified voltage. Combined
with the fact that that opposite output can in turn be modulated from a varietgf sources, this
provides extremely flexible control of the trigger period (included fo example changing period
based on an external voltage).
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Amplitude Modulation
Applicable To: Sine, Square, Ramp, Pulse

Amplitude modulation will change the amplitude of the generated signal proprtionally to the
modulation input. The actual proportion changed is called the modulation dgth, the units of which
depend on the modulation source (see discussion of sources above).

Frequency Modulation
Applicable To: Sine, Square, Pulse

Frequency modulation will change the frequency of the generated signal gportionally to the
modulation input. The change in frequency caused by a given inpuis called the modulation depth
and has units of Hertz or Hertz per Volt depending on the modulation source ted.

Phase Modulation
Applicable To: Sine, Square, Pulse

Phase modulation will change the phase of the generated signal proportioally to the modulaion
input. The change in frequency caused by a given input is called the modulatiodepth and has
units of Degrees or Degrees per Volt depending on the modulation source used.

Burst Mode
Applicable To: Sine, Square, Pulse

In burst mode, a trigger event caises the given output to begin generating its configured
waveform. Burst requires you to specify a sulmnode that defines if or when the generation ends.

N-Cycle: The waveform will stop being generated after the specified number of cyds, at which
time iswill re-arm and become ready to receive a new trigger.

Gated: The waveform will continue to be generated whileever the trigger signal is high (level
triggered).

Start: The waveform generation begins on a trigger signal but will continuéndefinitely.

Sweep Mode
Applicable To: Sine, Square, Pulse

Sweep mode provides a frequency modulation of the input waveform, Were the modulation
waveform is a ramp wave that begins generation on the detection of a triger signal. That is, when
a trigger is detected, waveform generation will begin at the Start frequety and sweep (or “chirp”)
to the End frequency over a given duration.

Sweep mode has three configurable parameters:

Start Frequency: Initial frequency of the output waveform, immediately on detection o& trigger.
Note that in sweep mode, the waveform itself cannot have a frequency set irgpendently; its
frequency parameters are completely defined by the sweep.
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End Frequency: Final frequency of the output waveform,duration sections after the trigger has
been detected.

Duration: The time taken to sweep from Start to End frequency. Upon completionfdhe sweep, the
sweep circuit will rearm and be ready to receive a new trigger input
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Ensure Moku:Go is fully updated. For the latest information:

www.liquidinstruments.com
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nr Moku:Go User Manual

Moku:Go’s Logic Analyzer / Pattern Generators equipped with 16 bidirectional digital 1/O with

sampling rates up to 125 MSal/s. It supports 3.3 V logic levels (5V toleraat)d 8M x16 input sample
depth. Extensive measurements are readily available through the interfac®ata, screenshots, and

logs can be readily captured to email or cloudbased services for rapid sharing and evaluation.
Combined with the analog inputs and outputs and the intuitive graphical user interface, Moku:Go is
your go-to solution for undergraduate curriculum lals and senior design projecs.
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Ensure Moku:Go is fully updated. For the latest information:

www.liquidinstruments.com
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User Interface
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Physical Interface

Moku:Gois equipped with a 20-pin digital 1/0 interface. 16 of the 20 pins are the bidirectional
digital 1/0. There are two ground pins, one 5V, and one 3.3 V output. A deiled layout can be
found in the following figure.
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Main Menu

The main menu can be accessed byclicking the @ icon on the top-left corner.

S)

Save/recall settings L4
Reset instrument

Power supply

File manager

File converter

Help »

This menu provides the following options:

Options Shortcuts  Description
Save/recall settings:

X Save instrument state Ctrl+S Save the current instrument settings

X Load instrument state Ctrl+O Load last saved instrument settings

X Show current sate Show the current instrument settings
Reset instrument Ctri+R Reset the instrument totis default state
Power supply Access power supply control window*
File manager Open file manager tool**
File converter Open file converter tool.**
Help

X Liquid Instruments website Access Liquid Instruments website

X Shortcuts list Ctrl+H Show Moku:Goapp shortcuts list

X Manual F1 Access instrument manual

X Report an issue Report bug to Liquid Instruments

X About Show app version, check update, or license

information.

* Power supply is available on Moku:GoM1 and M2 models. Detailed information about power supply can be foud in Moku:Go power
supply manual.

**Detailed information about the file manager and file converter can be foundat the end of this user manual.

%
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Export data

The export data options can be accessed by pressing the@ icon, allowing you to:

Export data X
EXPORT TYPE
®__> ® Traces QO saeenshot O settings
FORMAT
@'—9 ® osv O mat
>

DESTINATION

@——) ® MyFiles O clipboard QO share

Export Close

O

Description

Select the type of data to export.

Select the exporting format (CSV or MAT).

Enter additional comments for the saved file.

Select the exporting location on your local computer.
Click to export data.

Click to close the export data window.

o O~ WN B

A%

=
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Signal Display and Signal Navigation
Signal display

Terer

j
1]

|
1]
I
N
®

0.0 ™ a0 a 208 aam s00m
() St st i Pattern Generator T (~)

ID Button Description

la Top time origin mark  Marks the“zero second” point on the time scale. This will be the
trigger point if the logic analyzer has triggered.

1b Bottom time origin Marks the “zero second” point on the time scale. This will be the

mark trigger point if the logic analyzer has triggered

2 Remove trace Click here to remove the trace. It will appear when the mouse cursor
is over the signal trace area for this pin on the signal display.

3 Output pin header Signal header for Pin 4. The left pointing arrow indicates it is
currently set to be an output channel. Click the arrow to switch
direction.

3a Low override Click to override this output to Low.

3b High override Click to override this output to High.

4a Input pin header Signal header for Pin 3. The right pointing arrovindicates it is
currently set to be an input channel. Click the arrow to switch
direction.

4b Active pin header Click the signal trace area or pin header for any pin to make it the

active signal. This allows user to access settings and pattern edito
for this pin. Click the header again to deselect the active pin.

N
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Signal display navigation

The displayed signal can be moved around the screen by clicking anywhere on the signal displa
window and dragging to the new position.

Scrolling the mousewheel zooms in and out along the time axis

Add channel

Additional channels can be added to the screen by the@ icon. It gives you the following options:
Options Shortcuts Description

Add pin Select a specific pin to add.

Add next available pin  Ctrl+N Add the next pin that is not currently in use.

Add math channel Ctrl+M Add a math channel.
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Settings
The settings options can be accessed byclicking the icon, allowing you to reveal or hide the

controls drawer, givingyou access to all instrument settingsThe controls drawer contains settings,
and measurement.

-

I Sattings

® Pin1

—I—l_' Mode put =

[]  Timebase

ID Description
1  Settings
2 Measurements
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Settings
The settings pane allows you toconfigure the active pin, timebase, and trigger settings.
= o x
® Pin1 <_®
Timebase (—@
Rall mode »

Time span

Offset

©

Trigger 4
Type ige v
Mode uto

Channel

Nth gvent

Holdoft

ID Button Description

1 Active pin settings Different options are available for input, output pins, and math
channel.

2 Timebase Roll mode: Toggle between roll and sweep mode.

Timespan: Horizontal screen scale. Changes dynamically when
zooms in and out a trace or can be entered manually.

Offset: Horizontal trigger point offset. Changes dynamically when
horizontally-dragging a trace or can be set manually.

3 Trigger Type: Select between edge and pulse triggering.
Mode: Switches between auto, normal and single trigger modes.
Channel: Select the source for the trigger circuit.

Edge: Select to trigger on rising, falling, or bat edge. It isonly
available for edge trigger.

Polarity and Width: Select the trigger polarity and width condition. It
is only available for pulse trigger.

Nth event : Select up to 65,535 trigger events before actually
triggering.
HoldOff : Select a time b holdoff trigger post trigger event

\‘//4 ﬁ Sl Scientific Instruments GmbH
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Active input pin settings

Options Description

Mode Select between input and output mode.

Active output pins settings

Options Description
Mode Select between input and output mode.
Output override Select to override the output with ‘Low’ or ‘High’

Active math pins settings

Options Description

Source A Select the first source for the math operation.

Operation Select fromAND, OR, XOR, NAND, NOR, XNGdperation.
Source B Select the second source for the math operation.
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Measurement
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The measurement paneallows you to add/remove measuremens. A measurement can be
assigned to a specific input, output math channel, or difference between any two channels.

o

Description

®
o)

g b~ W N P

Measurement value.

Click to add additional measurement tile
Measurement source. Click to loopthrough the measurement sources.
Measurement type.

Click to remove the measurementtile.

Click a measurement tile to open the menu to adjust the measurementhe following options are

available;

Options

Description

Type
Frequency
Phase
Period
Duty cycle
Pulse width
X Neg width
Channels

X X X X X

Difference Channels

Remove

Select the measurement type.

Select measurement source.

Measure the difference between the
measurement source to another channel.

Remove the measurement tile.

\‘//4 ﬁ Sl Scientific Instruments GmbH
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Pattern Editor

The output patterncan be accessed by clicking the icon. The editor only acts on the selected
active output channel. There are in totafour output modes: clock, pulse, random, and custom.

Clock mode

(m) +)

() et ot e Pattern Generator

Control Pane &—+> « ¢

Repeat forever O i

Loop rate

Pattern display/editor e—

In the clock mode,the user canview (gray numbers) and adjust (blue numbers) the following
parameters under the control pane:

Parameter Description

Base frequency The base frequency of the Go, which is the fastest operational
frequency.

Prescaler Divider to scale down the base frequency to the tick frequency. For
example, a prescaler number of 2 provides 62.5 MHz tick frequency.

Pattern duration Total duration of the pattern (1 cycle), calculated based on the current
user settings.

Repeat forever Change between repeat mode or niteration mode.

Loop rate In the repeat mode, it displays the loop rate based on the current user
settings.

Iterations In the nHiteration mode, set the number of pattern iterations to output.
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Pulse mode

(m) +)

> Pattern Generator
Control Pane &——> « s puine =

Base frequency
Frescaler

Tick . ; s
High Low _|_ =
Disy cydde N

Pattern duration

Pattern display/editor e——

With the pulse mode,the user canoutput a pattern with a set number of high and low ticksA few
additional parameters are avaiable in the pulse mode:

Parameter Description

High Number of ticks for high.

Low Number of ticks for low.

Duty cycle Percentage of the pattern that is high during the pulse pattern.

Random mode

Control Pane e——> « pn: andom ] |
Base requency

Prascaer

Tick

HNumber of vakues —|_|—

Pattern duration : AN

Repeat forever [ @]

Pattern display/editor e——

In the random mode, the user can generate a random pattern with a set numbeif dicks. A few
additional parameters are avaiable in the pulse mode:

Parameter Description

Number of values Total number of ticks for the random pattern.
New random seed Generate new random pattern.
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Custom mode

Control Pane e—

OETr
9 ® Pint ustien ¥
Baso trequency .
Prescaier
Pin 1
Tick
eumber of vakies

Padtern duration

Repeat fonever (:.‘

Pattern Generator

™ 1 2 3 43 6 F B

o 1+ 1 s o o o o €&——a Click the blue numbers to invert
BT

Pattern display/editor e——

In the custom mode, the user can design a pattern with the pattern designe.ou can click the blue
number in the pattern display/editor area to invert the polarity for the tick.
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Additional Tools

Moku:Go app has two builiin file management tools: file manager and file converter.

File Manager

The file manager allows the user to download the saved data from Mok@Go to the local computer,
with optional file format conversion.

[ File Manager x |
B select &——= Delete the selected file
[ MokubataloggerData_20210223_1154345 4348 %. Browse and select file to download from Moku:Go
1 fifes, 4.3 kB in total
Convert to
O None O esv @ manas O Humey «<——=e Optional file format conversion
Download
AN DSBS P Downioss €——e Select a local folder/download the selected file

Once a file is transferred to the local computer, 88 icon shows up next to the file.

\‘//4 ﬁ Sl Scientific Instruments GmbH

//7.\\\ Roemerstr. 67 | 82205 Gilching +49 8105 77940 | info@si-gmbh.de | www.si-gmbh.de | Follow us on:m

17 | Moku:Go’s Logic Analyzer / Pattern Generator User Manual © 2021 Liquid Instruments. All rights reserved.




File Converter

The file converter converts the Moku:Go’s binary (.li) format on the local computer tother .csv,
.mat, or .npy format.

B Liguid Instruments File Converter — *
File Help

Drag files or folders here

‘ €——e Drag .li file here to convert

Choose export format

® csv ® mat O .npy €——e Select output format

The converted file is saved in the same folder as the original file.

Liquid Instruments File Converter has the following menu options:

Options Shortcut Description
File
x Open file Ctrl+O Select a .li file to convert
X Open folder Ctrl+Shift+O Select a folder to convert
x Exit Close the file converter window
Help
X Liquid Instruments website Access Liquid Instruments website
X Report an issue Report bug to Liquid Instruments
X About Show app version, check update, or license
information
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Power Supply

Moku:Go Power supply is available on M1 and M2 models. M1 features acBannel power supply,
while M2 features a 4channel power supply. The power supply control window can be accessed in
all instruments under the main menu.

The power supply operates in two modes: constant voltage (CV) or constant current (CC)mode.
For each channel, the user can set a current and voltage limit for the dput. Once a load is
connected, the power supply operates either at the set current or set vaage, whichever comes
first. If he power supply is voltage limited, it operates in the CV mode. If theqwer supply is current
limited, it operates in the CC mode.

& Power sum ,
— v | v |

17

5-5V 0-150 mA 0-16V 0- 150 mA

5.000 V 150 mA 16.000 V 150 mA
-1_501 v 151 mA 0.000 V 0.000 A
®—) e ®c ® o ® ‘
' |
l v | v | |
0s-5v 007-1A 0s-5V 007-1A
5.000 V 1.000 A 5.000 V 1.000 A I
0.000 V 0.000 A 5.000 vV 500 mA
[ _Na ® ® v ® ccC
ID  Function Description
1 Channel name Identifies the power supply being controlled.
2 Channel range Indicates the voltage/current range of the channel.
3 Set value Click the blue numbers to set the voltage and current limit.
4 Readback numbers  Voltage and current readback from the power supply, the actual
voltage and current being supplied to the external load.
5 Mode indicator Indicates if the power supply is in CV (green) or CC (red) mode.
6 On/Off Toggle Click to turn the power supply on and off.
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Ensure MokuGo is fully updated. For the latest information:

www.liquidinstruments.com
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Frequency Response Analyzer
Moku:Go User Manual

Moku:Go’sFrequency Response Analyzeican be used to measurea system’s frequency response
from 10 mHz up to 30 MHz

Frequency Response Analyzes are commonly used to measure the transfer functions of electrical,
mechanical or optical systems by injecting a swept sinewave into the systemnd then comparing
the output voltage to the input voltage. The resulting measurements of theystem’s magnitude

and phase response can be used to optimise the closedoop response of control systems,
characterize resonant behaviour in nodinear systems, design filters, or measure the bandwidth of
different electronic components. Frequency Respose Analyzers are quite simply anindispensable
tool in any electronics lah
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Ensure MokuGo is fully updated. For the latest information:

www.liquidinstruments.com
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User Interface
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ID Description ID Description

1 Main menu 6 Calibration*

2 Export data 7 Single/continuous mode switch
3 Signal displaynavigation 8 Start / pause sweepf

4 Settings 9 Cursors

5 Control pane

*Detailed information can be found in theSweep mode section.
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Main Menu

The main menu can be accessed byclicking the@ icon on the top-left corner.

S)

Save/recall settings L4
Reset instrument

Power supply

File manager

File converter

Help »

This menu provides the following options:

Options Shortcuts  Description
Save/recall settings:

X Save instrument state Ctrl+S Save the current instrument settings.

X Load instrument state Ctrl+O Load last saved instrument settings.

X Show current sate Show the current instrument settings.
Resetinstrument Ctri+R Reset the instrument toits default state.
Power supply Access power supply control window.*
File manager Open file manager tool.

File converter Open file converter tool.
Help

X Liquid Instruments website Access LiquidInstruments website.

X Shortcuts list Ctrl+H Show Moku:Go app shortcuts list.

X Manual F1 Access instrument manual.

X Report an issue Report bug to Liquid Instruments.

X About Show app version, check update, or license

information.

* Power supply is available on Moku:Go M1 and M2 models. Detailed informath about power supply can be found in Moku:Go power
supply manual.
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Export data

The export data options can be accessed byclicking the @ icon, allowing you to:

Export data b3

EXPORT TYPE

> @ Traces O Saeenshot O settings

7

FORMAT

> @ o O mat

TS

N

DESTINATION

@——) ® MyFiles O clipboard O share

Export Close
V. A

® ©

O

Description

Select the type of data to export.

Select thefile format (CSV or MAT)

Enter additional comments for the saved file.

Select the exporting location on your local computer.
Click to execute dataexport.

Click to close the export data window.

o OB~ WN PP

A%

=
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Signal Display Navigation

Signal display position

The displayed siganl can be moved around the screen by clicking anywhere othe signal display
window and dragging to the new position. The cursor will turn into O icon once clicked, drag
horizontally to shift along the frequency axis and drag verticallyo shift along the amplitude/power
axis.

The signal display can also be moved hotizontally and vertically wi arrow keys.

Display scale and zoom
Scrolling the mouse wheel zooms in and out along the primary axis. Accessetscroll setting by

hovering the cursor over the -~ icon.

Icons Description

@ Assign the horizonal axis as the primary axis.

Assign the vertical axis as the primary axis.

Rubber band zoom: hold the primary mouse button to draw a region to
zoom-in, release the button to execute.

Additional keyboard combinations are also available.

Actions Description

Ctrl + Scroll Wheel Zoom secondary axis.

+/- Zoom primary axis with keyboard.
Ctrl +/- Zoom secondary axis with keyboard.
Shift + Scroll Wheel Zoom primary axistowards the center.

Ctrl + Shift + Scroll Wheel = Zoom secondary axis towards the center.

R Rubber band zoom.

Auto scale

Double click anywhere on the signal display window to auto scale the traes.
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®
Settings

The instrumentcontrol menu allows you to configure theFrequency Response Analyzerfor your
measurement, which will vary depending on the specific characteristics dhe system under test.

Access theinstrument Control menu by clicking the icon.

e

Measurement

® In/ Out (d48)1 ©

Coupling

ID Description

1 Channel
2  Sweptsine
3 Advanced
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Channels

o%@o(f
é
8

el o C)
cmionmz @D
o T 0
Oftset e
o Math chamnel »
e Unwrap phase »
ID Description ID Description
1 Select to display In(dBm)or In/Out(dB) 6 Swept sine (output) offset
2 Toggle channel on/off 7 Enable/disable Math channel
3 Select AC or DC coupling 8 Unwrap/wrap phase
4 Select input range 10 p or 50 Vpp 9 Turn on/off amplitude and/or offset
5 Swept sine (output) amplitude

Math channel
x Select between addition, subtraction, multiplication and division fothe two channels
x Compare transfer functios of channel 1 and 2by configuring them identically.
Unwrap phase

X Phase is measured as a modulo of 5 Enabling unwrapping will display an estimate of the
total accumulated phase of the system.
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Swept Sine
- o X
9 Scale
&;
©—> =
(B)- 3 waa
Min cyces oy
mepwm:lmw-nm
ID Description ID Description
1 Configure the sweep start frequency 6 Configure the minimum averaging time
2 Configure the sweep stop frequency 7 Configure the minimum averaging cycles
3 Select the number of sweep point 8 Configure the minimum settling time
4 Select Linear or Logscale 9 Configure the minimum setting cycles
5 Reverse sweep direction 10 Total sweep time based on selected

parameters

Sweep points

X Increasing the number of points in the sweepncreasesfrequency resolution of the
measurementallowing narrower features to be detected over a wider frequencyrange but
will increase thetotal measurement duration.

Sweep scale

X The discrete points in the swept sine output can be spaced linearly orlgarithmically.
Logarithmic sweepsprovide greater measurement resolutionat lower frequencies.

Averaging

X Measurements at each point in the frequency sweep are averaged to improve amiracy
and precision. You can configure the period over which each measurement is averaged to
control the signalto-noise ratio (SNR). Longer averaging timeeesult in higher SNRs,
allowing smallfeaturesto be detected with greater precision Shorter averagng timesresult
in lower SNR measurementsut the reduce total sweep time.

X The total averaging timeis determined based onthe minimum duration and minimum
number of cycles over which each point in the sweep is averaged Moku:Go's Frequency
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®

Reference Analyzeraverages for the greater of the two values rounded upto the nearest
number of integer cycles in order to avoid spectral leakage.

Settling time

X The settling time deternines how long the Frequency Reference Analyzewvaits before
performing measurements at each frequency in the sweepSettling time isimportant when
characterizingresonant systems with high Gfactorsin order to allow excitations to‘settle’
between measurements. It can also be used to accounffor transmission delays in cables
When measuringa non-resonant system, the settling timeshould be set to equal the total
propagation delay through the system.

X The total settling time isdetermined based on the minimum duratio n and minimum
number of cycles over which the instrument will wait before beginning a measurement at
each frequency in the sweep The Frequency Response Analyzerwill wait for the greater
effective duration of the two settings before beginning a measurementat each point in
the sweep.
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Advanced
= O =
ID Description
1 Set the harmonic to demodulate for the frequency response
2 Set the phase difference between the output and local oscillator
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Calibration

Moku:Go’sFrequency Reference Analyzerfeatures acalibration tool @ that can be used to
normalize subsequent measurementsCalibrationis useful when compensating forcables delays
and comparing different devices under test.

Clicking the icon will bring up the calibration menuRe-calibrate will replace the current
calibration trace with a new one Remove calibration will erase all storedcalibration settingsand
cannot be undone.
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Sweep modes
Single

Clicking the con will enable single sweep mode, which will pause the swept sine source ahe

end of the next rull sweep. The swept sine signal will be turned off after the sweep completes and
displayed data will not be updated.

Continuous

Clicking the icon will enable continuous sweep mode, which will perform a new measuresnt
as soon as tne previous one has finishedThis mode is commonly used to monitor systemsvith
transfer functions that may change over time (e.g., control loops)

Pause / Restart

Clicking the @con will immediately pause the current sweepWhile paused, you can zoom in on
features for more details, but no new data will be captured. Pressinthe ic@!ill also pause
capture.

clicking the @:)r @:ons will restart the sweep.
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cursors

®

Cursors can be accessed byclicking the m yon, allowing you to add power or frequency cursos,
or remove all cursors. In addition, you cai: cack and hold the cuoss icon, and drag horizontally to
add a frequency cursor, ordrag vertically to add amagnitude or phase cursor.

User Interface

14,9443 o | 1429 kHz

=
AP A A MM b
i ||h||r " ‘.-fl('\, v pil"”'v""“ N

MHz

,r\ 2

©

ID Cursor item Description
1 Frequency/Tracking cursor Drag to repositionthe cursor (Gray— Unattached, Red —
channel 1Blue — channel 2, — math).

2 Amplitude cursor

3 Create cursor
4  Phase cursor

5 Cursor label

Drag to reposition, right click to set magnitude manually &
other options.

Cursor options.

Drag to adjust,right click to set phase manually & other
options

Label depicting frequency, magnitude and phase of cursor.
Drag to reposition.

\‘//4 ﬁ Sl Scientific Instruments GmbH
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Frequency Cursor

Rightclick (secondary click) to reveal frequencycursor options:

Reference

Remove

Ea T Attach to trace 3
|
|
|
|

Options Description
Frequency Cursor Cursor type.
Attach to trace Choose to attach the frequency cursor tochannel A

channel B, or the math channel. Once the cursor is
attached to a channel, it becomes to a tracking cursor.

Reference Set the cursor as the reference cursorAll other cursors in
the same domain and channel measure the offset to the
reference cursor.

Remove Remove the frequency cursor
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Tracking Cursor

Once a frequency cursor is attached to a channel, it becmes to a tracking cursor. It displays the
frequency and power level of the signal at the set frequency.

—{ -6.0206 %10,36 (L7 S—

———

| Detach from trace

Channel 12

Remove

Options Description

Tracking Cursor Cursor type.

Channel Assign tracking cursor to a specific channel.

Detach from trace Detach the tracking cursor from the channel to a
frequency cursor.

Remove Remove the tracking cursor.
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Magnitude/Phase Cursor

Rightclick (secondary click) to reveal power cursor options:

¥ Manual
Track maximum
Track minimum
Maxamum hold

Minimum hold

Channel 4

Reference

Remove

"
r

Options Description

Manual

Track maximum
Track minimum
Maximum hold
Minimum hold

Channel
Reference
Remove

N
—K i

Sl Scientific Instruments GmbH
Roemerstr. 67 | 82205 Gilching

Manually set the vertical position of thecursor.

Track the maximum magnitude/phase

Track the minimum magnitude/phase

Set the cursor to hold at the maximummagnitude/phaselevel.
Set the cursor tohold at the minimummagnitude/phase level.
Assign the power cursor to a specific channel.

Set the cursor as the reference cursor.

Remove the magnitude/phasecursor.
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Additional Tools

Moku:Goapp has two builtin file management tools: file manager and file converter.

File Manager

The file manager allows the user to download the saved data from Mok@o to local computer, with
optional file format conversion.

[ File Manager x |
B select &——= Delete the selected file
[ MokubataloggerData_20210223_1154345 4348 %. Browse and select file to download from Moku:Go
1 fifes, 4.3 kB in total
Convert to
O None O esv @ manas O Humey «<——=e Optional file format conversion
Download
AN DSBS P Downioss €——e Select a local folder/download the selected file

Once a file is transferred to the local computer, 88 icon shows up next to the file.
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File Converter

The file converter converts the Moku:Go’s binary (.li) format on the loceomputer to either.csv,
.mat, or .npy format.

B Liguid Instruments File Converter — *
File Help

Drag files or folders here

‘ €——e Drag .li file here to convert

Choose export format

® csv ® mat O .npy €——e Select output format

The converted file is saved in the same folder as the original file.

Liquid Instruments File Converter has the following menu options:

Options Shortcut Description
File
x Open file Ctrl+O Select a .li file toconvert
X Open folder Ctrl+Shift+O Select a folder to convert
x Exit Close the file converter window
Help
X Liquid Instruments website Access Liquid Instruments website
X Report an issue Report bug to Liquid Instruments
X About Show app version,check update, or license
information
N
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Power Supply

Moku:Go Power supply is available on M1 and M2 models. M1 features acBannel power supply,
while M2 features a 4channel power supply. The power supply control window can be accessed in
all instruments under the main menu.

The power supply operates in two modes: constant voltage (CV) or constant current (CC)mode.
For each channel, the user can set a current and voltage limit for the dput. Once a load is
connected, the power supply operates either at the set current or set vaage, whichever comes
first. If he power supply is voltage limited, it operates in the CV mode. If theqwer supply is current
limited, it operates in the CC mode.

& Power sum ,
— v | v |

17

5-5V 0-150 mA 0-16V 0- 150 mA

5.000 V 150 mA 16.000 V 150 mA
-1_501 v 151 mA 0.000 V 0.000 A
®—) e ®c ® o ® ‘
' |
l v | v | |
0s-5v 007-1A 0s-5V 007-1A
5.000 V 1.000 A 5.000 V 1.000 A I
0.000 V 0.000 A 5.000 vV 500 mA
[ _Na ® ® v ® ccC
ID  Function Description
1 Channel name Identifies the power supply being controlled.
2 Channel range Indicates the voltage/current range of the channel.
3 Set value Click the blue numbers to set the voltage and current limit.
4 Readback numbers  Voltage and current readback from the power supply, the actual
voltage and current being supplied to the external load.
5 Mode indicator Indicates if the power supply is in CV (green) or CC (red) mode.
6 On/Off Toggle Click to turn the power supply on and off.
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Ensure MokuGo is fully updated. For the latest information:

www.liquidinstruments.com
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:[: Moku:Go User Manual

Moku:Go’s PID (Proportionalntegrator-Differentiator) Controller features two fullyeal-time
configurable PID controllers with an output sample rate a2.5 MSal/s. This enableshem to be used
in applications requiring both low and high feedback bandwidths suclas temperature and laser
frequency stabilization. The PID Controller can also be used as a leddg compensator by
saturating the integral and differential controllers wit independent gain settings.
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Ensure Moku:Go is fully updated. For the latest information:

www.liquidinstruments.com
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User Interface

©
®
®
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3 > c:;:l‘:'l ; ? Input offset Controtier Output offset
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o
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ID Description

1 Main menu

2a  Inputconfigurationfor Channel 1
2b  Input configuration for Channel 2
3 Control matrix

4a  Configurationfor PID Controller 1
4b  Configuration for PID Controller 2
5a  Output switch for Channel 1

5b  Output switch for Channel 2

6 Settings

7 Enable/disable the oscilloscope view
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Main Menu

The main menu can be accessed by pressing the@ icon on the togeft corner.

S)

Save/recall settings L4
Reset instrument

Power supply

File manager

File converter

Help »

This menu provides the following options:

Options Shortcuts  Description
Save/recall settings:

X Save instrument state Ctrl+S Save the current instrument settings.

X Load instrument state Ctrl+O Load last saved instrument settings.

X Show current sate Show the current instrument settings.
Reset instrument Ctri+R Reset the instrument toits default state.
Power supply Access power supply control window.*
File manager Open file manager tool.**

File converter Open file converter tool.**
Help

X Liquid Instruments website Access Liquid Instruments website.

X Shortcuts list Ctrl+H Show Moku:Goapp shortcuts list.

X Manual F1 Access instrument manual.

X Report an issue Report bug to Liquid Instruments.

X About Show app version, check update, or license

information.

* Power supply is available on Moku:GoM1 and M2 models. Detailed information about power supply can be foud in Moku:Go power
supply manual.

**Detailed information about the file manager and file converter can be foundtoward the end of this user manual.

%
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Input Configuration

The input configuration can be accessed by tapping the or icon, allowing you to adjust
the coupling, and input range for each input channel.

4 PID Controlier - MokuzGo demo

S)

Coupling = = | €——e Select input coupling (DC or AC)
Input range "_3'—4 Select input range (10 Vpp or 50 Vpp)
1 o

Control
matrix

o

— |
I(——c Tap to enable the input probe points

3C: 1

1
0 Vg

Details about theprobe points can be found inthe Probe Points section.
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Control Matrix

The control matiix combines, rescales, and redistributes the input signal to the two independent
PID controlless. The output vector is the product of thecontrol matrixmultiplied by the input vector.

=B~ 5 > 47
%:RG B’_? 8‘ B+ZC
where

2=BR = =x +0+ > +2

2=R= ?2x +01+ @& +2

For example, a control matrix of% ; &qually combines thelnput land Input 2 to the top Pathl

(PID Controller I)multiples Input 2 by a factor of two, andthen sends it to the bottomPath2 (PID
Controller 2).

The value of each element in the control matrix can be set betweenr20 to +20 with 0.1 increments
when the absolute value is less than 109r 1 incrementwhen the absolute value is between 10 and
20. Tap the element to adjust the value.

DC: 50 Vpp

Control [___ = . |

matrix

DC: 10 Vpp
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PID Controller

The two independent, fully reaktime configurable PID controller paths follow the control matrix in
the block diagram, represented ingreen and purple for controller 1 and 2, respectively.

User Interface

O @

®OEOEO

Input offset Controller Output offset
ID Function Description
1 Inputoffset Click to adjust the input offset {1 to +1 V).
2 Input switch Click to zero the input signal.
3a Quick PID control Click to enable/disable controllers and adjust the parametersNot

3b

Controller view

available in advanced mode
Click to open full controller view.

4 Output switch Click to zero the output signal.
5 Output offset Click to adjust the output offset {1 to +1 V).
6 Output probe Click to enable/disable the output probe point. SeeProbe Points
section for details.
7 Moku:Go output Click to enable/disable the MokuGo's output.
switch
Input / Output Switches

=

Closed/Enable

e
= @ = Open/disable

=

N
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Controller (Basic Mode)

Co

ntroller Interface

Tap the g icon to open the full controllerview.

.ﬂ Controller 1 * &@
75 Basic mode
Proportional gain: N
< ° 0.0 |dB
Il R 0 ° Imagrator Crossover frequency:
g _
I\.' :.\ Integrator saturation level:
4 _ -] e
-So \ __“ + I
—
Cverall gain 1 Hz ]O(JF::Iumcy 10 kHz 1 MHz O an e < ®
D)
ID  Function Description
1 Design cursor 1 Cursor for Integrator ) setting.
2a Design cursor 2 Cursor for IntegratorSaturation(IS) level.
2b  Cursor 2 indicator Drag to adjustcursor 2 (S) level
3a Designcursor 3 Cursor for Proportional P) gain.
3b  Cursor 3indicator Drag to adjust curser 3 P) level.
4a  Cursor 4indicator Drag to adjust curser 4 I) frequency.
4b  Design cursor 4 Cursor forl crossover frequency.
5 Display toggle Toggle between magnitude and phase response curve.
6 Close controller view Click to close the full controller view.
7 PID control Turn on/off individual controller and adjust the parameters.
8 Advanced mode Click to switch to the advanced mode.
9 Overall gaincontrol Click to adjust overall gain of the controller.
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The PID Response Ploprovides an interactiverepresentation (gain as a function of frequency) of
the controller.

PID Response Plot

75

Gain {dE)

-25

-50

1Hz 100 Hz 10 kHz 1 MHz
Frequency

The green/purple solid curve represents the activeresponse curve for PID Controller 1 and 2,
respectively.

The green/purple dashed vertical lines ( ¥ ) represent the cursors crossover frequencies, and/or

unity gain frequenciesfor PID Controller 1 and 2, respectively

The red dashed lines (3 ,% ,and 8 )represent the cursors for each controller.

Letter Abbreviations for Controllers

ID Description ID Description
P Proportional gain [+

Double integrator crossover frequency

I Integrator crossover frequency IS Integrator saturation level

D Differentiator DS Differentiator saturation level
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List of Configurable Parameters in Basic Mode

Parameters Range

Overall gain + 60 dB

Proportional gain + 60 dB

Integrator crossoverfrequency  312.5 nHz to 31.25kHz

Differentiator crossover 3.125Hz to 312.5kHz

frequency

Integrator saturationlevel + 60 dB or limited by the crossover frequency/proportional gain
Differentiator saturationlevel + 60 dB or limited by the crossover frequency/proportional gain
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Controller (Advanced Mode)

In Advanced Mode, users can buildfully customizedcontrollers with two independent sections (A
and B) and six adjustable parameters in each sectionTap the Advanced Mode button in the full
controller view to switch to theAdvanced Mode.

? ® & o

6666660

E) Controller 1 l l l ‘).('
75 [~ Seciona [ SectionB
Overall gain
o i *2 dB
9 Proportional gain:
° roporuonal gan; . ”
25 Integrator gain:
. o 1P
a
e Integrator corner:
-50
1 Hz :WF::umq 10 kHz 1 MHz i Ad it <
ID Function Description
1 Frequency response Frequency response of thecontroller.
2a Section A pane Click to select and configure Section A.
2b  Section B pane Click to select and configure Section B.
3 Close controller view Click to close the full controller view.
4 Overall gain Click to adjust the overall gain.
5 Proportional panel Click the icon to enable/disable proportional path. Click the number
to adjust the gain.
6 Integrator panel Click the icon to enable/disable integrator path. Click the number to
adjust the gain.
7 Differentiator panel Click theicon to enable/disable differential path. Click the number to
adjust the gain.
8 Integrator saturation  Click the icon to enable/disable integrator saturation path. Click the
corner frequency number to adjust the frequency.
9 Differentiator Click the icon to enable/disable differentiator saturation pathClick
saturationcorner the number to adjust the frequency.
frequency
10 Basic mode Tap to switch to the basic mode.

N
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Quick PID Control

>

This panel allows userquickly to view, enable, disable, andadjust the PID controller without open

the controller interface. It is onlyavailable in basic PID mode.

®
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Controller

Click the P, I, or Dicon to disable active controller path.

Click the shaded icon (i.e. ® ) to enable the path.

Click the active controller path icon (i.e. O) ) to enter the value.
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Probe Points

Moku:Go's PID controller hasan integrated oscilloscope that can be used to probe the signal atthe
input, pre-PID, and output stages. The probe points can be added by tapping the@ icon.

Oscilloscope

& PID Controlier - MokuGo demo I - I':iii'

@ o~ DOscilloscope
famry)

© = © G E erms @
o=  G=b s

o000 e

Mode Normal »

Interpolation iR -
Rell mode »
Toh
® Gl Conoonlv ) -
Mode Auto
gl ® '-.‘f‘f_.a' channel gt 1%
T — = Nth event
(%) {fﬁl‘-' @ S
5 Trigger type Edge «
e Edge Rising *

80 v Trigger sensitivity
v Auto O
) 0 -
\ sy o sooys -
ID Parameter Description
1 Input probe point Click to place the probe point at input.
2 Pre-PIDprobe point  Clickto place the probe after the control matrix.
3 Output probe point Click to place the probe at output.
4 Oscilloscope settings* Additional settings for builtin oscilloscope.
5 Measurement Measurement function for builtin oscilloscope.
6 Oscilloscope* Signal display area for oscilloscope.

*Detailed instructions for the oscilloscope instrument can be foundh Moku:Go oscilloscope
manual.
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Additional Tools

Moku:Gos app has two builtin file management tools: file manager and file converter. The file
manager allows uses to download the saved data from Moku:Go toa local computer, with optional
file format conversion. The file converter converts the Moku:Go’s bingr(.li) format on the local
computer to either .csv, .mat, or .npy format.

File Manager

[ File Manager *® ]
& seisetan &——= Delete the selected file
[ MokubataloggerData_20210223_1154345 4348 %. Browse and select file to download from Moku:Go
1 fifes, 4.3 kB in total
Convert to
O None O esv @ manas O Humey «<——=e Optional file format conversion
Download
AN DSBS P Downioss €——e Select a local folder/download the selected file

Once a file is transferred to the local computer, 88 icon shows up next to the file.
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File Converter

B Liguid Instruments File Converter — x

File Help

Drag files or folders here

O

Choose export format

® csv ® mat O .npy

€——e Drag .li file here to convert

€&——e Select output format

The converted file is saved in the same folder as the original file.

Liguid Instruments File Converter has the following menu options:

Options Shortcut Description
File

X Open file Ctrl+O Select a .li file to convert

x Open folder Ctrl+Shift+O Select a folder to convert

x Exit Close the file converter window
Help

x Liquid Instruments website
X Report an issue
X About

N4
N -ﬁ-

Access Liquid Instruments website
Report bug to Liquid Instruments

Show app version, check update, or license
information
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Power Supply

Moku:Go Power supply is available on M1 and M2 models. M1 features-&f#annel power supply,
while M2 features a 4channel power supply. The power supply control window can be accessed in
all instruments under the main menu.

The power supply operates in twvo modes: constant voltage (CV) or constant current (CC)mode.
For each channel, the user can set a current and voltage limit for the dput. Once a load is
connected, the power supply operates either at the set current or set vaage, whichever comes
first. If the power supply is voltage limited, it operates in the CV modef the power supply is current
limited, it operates in the CC mode.

& Power sum ,
— v | v |

17

5.000 V 150 mA 16.000 V 150 mA
o 1.501 Vv 151 mA 0.000 V 0.000 A
®—|) e ®c ® o ® ‘
' |
l v | v | |
065V 007-1A 06-5V 0.07-1A
5.000 V 1.000 A 5.000 V 1.000 A I
0.000 V 0.000 A 5.000 vV 500 mA
[ _Na ® ® v ® ccC
ID  Function Description
1 Channel name Identifies the power supply being controlled.
2 Channel range Indicates the voltage/current range of the channel.
3 Set value Click the blue numbers to set the voltage and current limit.
4 Readback numbers  Voltage and current readback from the power supply, the actual
voltage and current being supplied to the external load.
Mode indicator Indicates if the power supply is in CV (green) or CC (red) mode.
6 On/Off Toggle Click to turn the power supply on and off.
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Ensure MokuGo is fully updated. For the latest information:

www.liquidinstruments.com
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Moku:Go User Manual

Moku:Go's Data Logger instrument records time series voltages fromor 2 channels at rates from 1
sample per second up to 1 M8&/s. The data can be logged to RAM in a variety of formats.

Moku:Go's Data Logger also includes an embedded waveform gegrator.
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Ensure MokuGo is fully updated. For the latest information:

www.liquidinstruments.com
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User Interface

00

| 5 Logger - MakiGo demo =
™
—> * tnput [ @
Caupling
rSome @ a 1) ) Haergn 1
® lnput 2 [ @]
500 rw Coupling L
Range .
o Arqinitian
- o _—-:I Rate
——— — i B e
h“ = e — -
Austo seale » >-®
IS0V
Logging
200 v oy C)
Durstion 00R Mim 00
Fie format Ry
<780
@ Fiename preke o
=, —~ MokiDataloggeData
@ 6 \.. ®
95 L E1 75 L1 55 4% is 24 Ts Comments
ITE Ready to serl logging i 5240 MB / B00O MEB
oy

@ ©®

ID Description ID Description

1 Main menu 7 Storage indicator
2 Save data 8 Startlogging

3 Screen navigation 9 Status indicator

4 Settings 10 Cursors

5 Settings pane 11  Zoom-out preview
6 Waveform generator

~¢ 46y
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Main Menu

The main menu can be accessed by pressing the@ icon on the togeft corner.

S)

Save/recall settings L4
Reset instrument

Power supply

File manager

File converter

Help »

This menu provides the following options:

Options Shortcuts  Description
Save/recall settings:

X Save instrument state Ctrl+S Save the current instrument settings.

X Load instrument state Ctrl+O Load last saved instrument settings.

X Show current sate Show the current instrument settings.
Reset instrument Ctri+R Reset the instrument toits default state.
Power supply Access power supply control window.*
File manager Open file manager tool.**

File converter Open file converter tool.**
Help

X Liquid Instruments website Access Liquid Instruments website.

X Shortcuts list Ctrl+H Show Moku:Go app shortcuts list.

X Manual F1 Access instrument manual.

X Report an issue Report bug to Liquid Instruments.

X About Show app version, check update, or license

information.

* Power supply is available on Moku:Go M1 and M2 models. Detailed informath about power supply can be found in Moku:Go power

supply manual.

**Detailed information about the file manager and file converter can be foundtoward the end of this user manual.

Sl Scientific Instruments GmbH
Roemerstr. 67 | 82205 Gilching

N
—K i

+49 8105 77940 | info@si-gmbh.de | www.si-gmbh.de | Follow us on:m

5 | Moku:Gds Data Logger User Manual

© 2021Liquid Instruments. All rights reserved.



File manager

The file manager can be access by clicking the@ icon, allowing saving and sharing of
the captured datalogs. Detailed information about the file manager and file converter can be found
toward the end of this user manual.
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Signal Display Navigation

Mouse actions

Navigation can made by holdng and draging action with mouse.This can be accomplished by

holding the primary mouse button. Once the mouse curser turng a O icon, movement can be
made along the horizonal or vertical axes. Horizonal or verticahovement can also be made with
arrow keys.

N

The screen navigation options can be accessed when the mouseursor hovers the - icon.

Icons Description

@ Assign the horizonal axis as the primary axis.

@ Assign the vertical axis as the primary axis.

Rubber band zoom: hold the primary mouse button to draw a region to
zoom-in, release the button to execute.

Scrolling the mouse wheel zooms in and out along the primary axis.

Additional combinations

Additional navigation actions are available with keyboard, or combinatits of keyboard/mouse
actions.

Actions Description

Ctrl+Scroll Wheel Zoom secondary axis.

+/- Zoom primary axis with keyboard.

Ctrl +/- Zoom secondary axis with keyboard.
Shift+Scroll Wheel Zoom primary axis towards the center.
Ctrl+Shift+Scroll Wheel Zoom secondary axis towards the center.
R Rubber band zoom.
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Settings

The controls options can be accessed byclicking the icon, allowing you to reveal or hide the
control drawer, givingyou access to all instrument settingsThe controls drawer gives you access
to analog front-end settings and data acquisition settings

Analog front-end settings

- o x |
® input 1 @ |€¢——= Clickto enable or disable input 1
Coupling I €&——» Click to switch between AC or DC coupling
Range : | €———— Click to switch between 10 Vpp or 50 Vpp
® Input 2 O ! €&—— Click to enable or disable input 2
Couping i(—o Click to switch between AC or DC coupling
Range I(—o Click to switch between 10 Vpp or 50 Vpp

Data acquisition settings

0 3
b 6%

Delay

Duration h oim oos

Fieformat _@

Filename prefix i}

=1

ei

ID Function Description
1 Acquisition rate Click to configure acquisition rate
2 Mode Set acquisition mode asnormal or precision.
3 Auto scale Toggle continuous autoscalingon/off.
4 Delay Click to enable or disable delayed start.
5 Duration Click to set log duration, limited to available memory
6 File format Click to select log format, CSV or LI binary format
7 Filename prefix Configure the prefix to be used on thedata log filenames.
8 Comments Text entered here will be saved in the file header

Acquisition Parameters

The acquisition parameters refer to the logging rate and the dowrsampling mode used to reduce
Moku:Go'’s native sampling rate to the logging rate.
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The logging rate must be between 10 &/s and 1 M&/s. The actual maximum is only achievable
with a single channel, binary file format saved to RAM; other combinatis will have lower maximum
rates.

Acquisition mode may be eithernormal or precision. Normal mode downrsamples by discarding
points between those needed. This causes signals to alias; not desiradlfor most signals but can
be useful for viewing frequency components outside the logging rate.

Precisionmode down-samples by averaging, increasing precision and reducing noise. Thisiode is
preferred for most applications.

File Types

Moku:Go's Data Logger can save natively to standard textoased CSV format files. CSV files contain
a header that records the curent instrument settings as well as any useentered comments.

The binary file format is proprietary to MokuGo and has been extensively optimized for speed and
size. Using thebinary format,Moku:Gois able to reach very high logging rates and very low
memory usage.

The binary file can be converted to other formats by thefile converter. This software can convert
the binary file to CSV, MATLABor NPY formats for access in major scientific software. THainary
format may also be used in Python through the Liquid Instrumen®ymoku software library.
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Waveform generator

Moku:Go's Data Logger has a huilt-in waveform generator capable of generating basic waveforms
on the two output channek. Detailed instructions for the waveform generator instrument can be
found in Moku:Go waveform generator manual.
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File fi
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cursor

The cursors can be accessed byclicking the ] icon, allowing you to add voltage time cursors,
or remove all cursors. In addition, you can click and hold the cuoss icon, and drag horizontally to
add a time cursor, or vertically to add avoltage cursor.

User Interface

00 ©J06]0,

& Data Loggei - MokuGo dema = o =

- ®
Idle Ready o stat logaine. ! 5240 MB / 6000 MB
ID Parameter Description
1 Timecursor reading Rightclick (secondary click) to reveal time cursor optionsrag left or
right to set positions.
2 Time cursor Color represents the channel of the measurement (Gray
Unattached,Red — channel 1Blue — channel 2).
3 Voltage cursor Drag up or down to set positions.
4 Cursor function Indicates the current cursor function (max, min, max hold, etc).
5 Voltage reading Rightclick (secondary click) to reveal voltage cursor options.
6 Reference indicator Indicates the cursor is set as reference. All other cursors in the same

domain and channel measure the offset to the reference cursor.

N
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Time Cursor

Rightclick (secondary click) to reveal timecursor options:

-5.000 s
Time Cursor

| Attach to trace L4
| Reference

| Remove

|

Options Description

Time Cursor Cursor type.

Attach to trace Choose to attach the time cursor to input 1,
input 2. Once the cursor is attached to a
channel, it becomes atracking cursor. The
tracking cursor gives continuous voltage
readings at the set time position.

Reference Set the cursor as the reference cursor.

Remove Remove the time cursor

Tracking Cursor

Rightclick (secondary click) to reveal trackingursor options:

(5171 mv|-5.000s )
| Tracking Cursor
| Channel ¢
‘ Detach from trace
| Remove
Options Description
Tracking Cursor Cursor type.
Channel Assign the tracking cursor to a specific
channel.
Detach from trace Detach the tracking cursorfrom a channel
trace
Remove Remove the cursor

\‘//4 ﬁ Sl Scientific Instruments GmbH

//7.\\\ Roemerstr. 67 | 82205 Gilching +49 8105 77940 | info@si-gmbh.de | www.si-gmbh.de | Follow us on:m

12 | Moku:Go’s Data Logger User Manual © 2021Liquid Instruments. All rights reserved.



Voltage Cursor

Rightclick (secondary click) to reveal voltagecursor options:

Min=-8066mMmv=-"=9»} — — — — — —

Voltage Cursor

v Track minimum

Manual
Track mean

Track maximum

Maximum hold

Minimum hold

Channel L4
v Reference
Remove
-31s -ds
Options Description
Voltage Cursor Cursor type.
Manual Manually set the vertical position of thecursor.
Track mean Track the mean voltage.

Track maximum
Track minimum
Maximum hold
Minimum hold
Channel
Reference
Remove

N
—K i

Track the maximum voltage

Track the minimumvoltage.

Set the cursor to hold at the maximumvoltage level.
Set the cursor to hold at minimum voltagelevel.
Assign the voltagecursor to a specific channel

Set the cursor as the reference cursor.

Remove the cursor.
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Additional Tools

Moku:Go app has two builiin file management tools: file manager and file converter. The file
manager allows user to download the saved data from Moku:Go to thetal computer, with
optional file format conversion. The file converter converts the MakGo’s binary (.li) format on the
local computer to either .csv, .mat, or .npy format.

File Manager

[ File Manager *® ]
& seisetan &——= Delete the selected file
[ MokubataloggerData_20210223_1154345 4348 %. Browse and select file to download from Moku:Go
1 fifes, 4.3 kB in total
Convert to
O None O esv @ manas O Humey «<——=e Optional file format conversion
Download
AN DSBS P Downioss €——e Select a local folder/download the selected file

Once a file is transferred to the local computer, 88 icon shows up next to the file.

\‘//4 ﬁ Sl Scientific Instruments GmbH

//7.\\\ Roemerstr. 67 | 82205 Gilching +49 8105 77940 | info@si-gmbh.de | www.si-gmbh.de | Follow us on:m

14 | Moku:Gds Data Logger User Manual © 2021Liquid Instruments. All rights reserved.



File Converter

B Liquid Instruments File Converter — *
File Help

Drag files or folders here

‘ €——e Drag .li file here to convert

Choose export format

® csv ® mat O .npy €—= Select output format

The converted file is saved in the same folder as the original file.

Liquid Instruments File Converter has the following menu options:

Options Shortcut Description
File
X Open file Ctrl+O Select a .li file to convert
x Open folder Ctrl+Shift+O Select a folder to convert
x Exit Close the file converter window
Help
X Liquid Instruments website Access Liquid Instruments website
X Report an issue Report bug to Liquid Instruments
X About Show app version, check update, or license
information
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Power Supply

Moku:Go Power supply is available on M1 and M2 models. M1 features acBannel power supply,
while M2 features a 4channel power supply. The power supply control window can be accessed in
all instruments under the main menu.

The power supply operates in two modes: constant voltage (CV) or constant current (CC)mode.
For each channel, the user can set a current and voltage limit for the dput. Once a load is
connected, the power supply operates either at the set current or set vaage, whichever comes
first. If the power supply is voltage limited, it operates in the CV mad If the power supply is current
limited, it operates in the CC mode.

& Power sum ,
— v | v |

17

5-5V 0-150 mA 0-16V 0- 150 mA

5.000 V 150 mA 16.000 V 150 mA
-1_501 v 151 mA 0.000 V 0.000 A
®—) e ®c ® o ® ‘
' |
l v | v | |
0s-5v 007-1A 0s-5V 007-1A
5.000 V 1.000 A 5.000 V 1.000 A I
0.000 V 0.000 A 5.000 vV 500 mA
[ _Na ® ® v ® ccC
ID  Function Description
1 Channel name Identifies the power supply being controlled.
2 Channel range Indicates the voltage/current range of the channel.
3 Set value Click the blue numbers to set the voltage and current limit.
4 Readback numbers  Voltage and current readback from the power supply, the actual
voltage and current being supplied to the external load.
5 Mode indicator Indicates if the powersupply is in CV (green) or CC (red) mode.
6 On/Off Toggle Click to turn the power supply on and off.
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Ensure MokuGo is fully updated. For the latest information:

www.liquidinstruments.com
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Moku:Go User Manual

Moku:Go’s ArbitraryWaveform Generator can generate custom waveforms with up to 65,536
points at update rates of up to125MSads. Waveforms can be loaded from a file, or input as a piece
wise mathematical function with up to 32 segments, enabling you to generatéuly arbitrary
waveforms. In pulsed mode, waveforms can be output with more than 25000 cycles of dead

time between pulses, allowing you to excite your system with an arbiry waveform at regular
intervals over extended periods of time.
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Ensure Moku:Go is fully updated. For the latest information:

www.liguidinstruments.com
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User Interface
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3

(zzamon] )

= Frequency 1.000 000 000 MHz
ID Description ID Description
1 Main menu 8 Enable/disable output
2 Configure amplitude/ high level 9 Configure waveform shape
3 Configure number ofpoints 10 Enable/disable modulation
4 Configure sample rate 11 Active parameter*
5 Configure frequency / period / update rate 12 Switch betweenrepresentations*
6 Turn linear interpolationon or off 13 Configure phase
7 Configure offset

*Click the amplitude,offset, frequency, or phase number to make it the active parameter. For
amplitude and offset, click the swap button to switch between Vpp/offset or high/low levé
representations. For frequency, click the swap button to switch betweeffrequency or period
representations.

N
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Secondary click

Sync phasewith copy settings between channels can be accessed by right click (secondary click)
menu on the main user interface. The settings on one output can be instantly afied to the other
output with copy settings. And the phase between two channels can bealigned with sync phase. In
additional, you can edit the equation or load your custom waveform githis menu. Detailed
information about the equation editor and custom waveform can be foua in a later section.

~ I\

Sync phase

Copy settings from Output 2
Edit equation

Load waveform +

A%

=

A Roemerstr. 67 | 82205 Gilching
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Main Menu

The main menu can be accessedby pressing the@ icon on the topleft corner.

S)

Save/recall settings L4
Reset instrument

Power supply

File manager

File converter

Help »

This menu provides the following options:

Options Shortcuts  Description
Save/recall settings:

X Save instrument state Ctrl+S Save the current instrument settings.

X Load instrument state Ctrl+O Load last saved instrument settings.

X Show current sate Show the current instrument settings.
Reset instrument Ctri+R Reset the instrument tots default state.
Power supply Access power supply control window.*
File manager Open file managertool.

File converter Open file converter tool.
Help

X Liquid Instruments website Access Liquid Instruments website.

X Shortcuts list Ctrl+H Show Moku:Go app shortcuts list.

X Manual F1 Access instrument manual.

X Report an issue Report bug to Liquid Instruments.

X About Show app version, check update, or license

information.

* Power supply is available on Moku:Go M1 and M2 models. Detailed informath about power supply can be found in Moku:Go power
supply manual.
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Output Configuration
Enable / Disable Outputs

Enable the output of the selected channel by pressingthe o icon

Disable the output of the selected channel by pressinghe o icon

Load Impedance

Moku:Go assumes the external load tdhave a highload impedance.

Selecting the correct load impedance

Moku:Gads outputs have an impedance of200 . As such, voltages supplied to a 50 load will be
reduced and not recommended.
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Modulation Modes

Moku:Gads Arbitrary Waveform Generator suppotts three modulation modes: Off, Pulsed, and
Bursted.

Off
In normal mode, the output waveform is repeated continuously with noehad time between cycles.

Pulsed

In pulsed mode, the output waveform can be configured to have up to 2= 262144 cycles of dead
time between each repetition of the arbitrary waveform.

& Matsitrary Wasenlorm Genmiatar - MolarGe dems = oy i
&) == D O
|~ § —
; mmmnrl|] |anens sl )
g C @
(T2 ) ()
= Frequency 1.00Q 000 kHz
ID Parameter Description
1 Dead cycles The period of each cycle of dead time is equal to the selected period

of the waveform.

2 Dead voltage The dead time voltage can be configured to equal any DC value
between the waveform’s minimum and maximum voltages.
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In burst mode, the output waveform can be triggered from another signakource. The output once
triggered varies according to the trigger mode.

Burst

©

€ My Wnvadenm Ganeralor - Mokeitin i - =<|
© = 2 o
H N gl e
: § & il ®
= Frequency 1.000 000 kHz
S8
ID Parameter Description
1 Burst ¢ycle count N - Cycle mode only. The number of cycles to generate
before re-arming.
2 Burst mode N -Cycle or Start. The Start mode generates infinite loops of the
waveform after he trigger event.
3 Trigger level Set the voltage level to trigger at.
4 Input range Set the input channel range.
5 Trigger source Select between input 1 or 2.
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Waveform Types

Generate one of five pre-set waveforms, a custom waveform frona file, or a waveform defined by
a series of pece-wise mathematical equations

Sine Gaussian  Exprise Exp fall
Sinc Cardiac Equation  Custom
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Custom

Uploading custom waveforms

x Upload custom waveforms from canma- or newline-delimited text from a computer file or
clipboard.

x Up to 8,192 points can be output at an update rate of 1251Sa's, up to 16384 points at 62.5
MSa/s, up to 32768 points at 31.25MSa/s and up to 65,536 points at 15.625MS/s

Maximum recommended sampling rate

X The maximum safe frequency of the generated waveform is equal to the samplingte
divided by the number of points in the custom waveform.
o For example, the maximum safe frequency of 4000-point waveform is 25 MSa/s+
1000 Samples =125 kHz.
x Exceeding the maximum recommended frequency will result in some points beg skipped.

Amplitude scaling and interpolation

x The amplitude of custom waveforms will be normalized to the range ], +1] and then scaled
to the desired amplitude and offset
x Select between linear and no interpolation
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Equation

The equation waveform type enables you to design arbitrary waveforms usingup to 32 piece-
wise mathematicalfunctions.

Moku:Go
O]
1
05
Q
-0.5
-1
0 0.2 04 0.6 0.B 1
(A) 0.00000 <t < 0.50000 2%xp(-16*(t-0.5)"2)*atan({14*cos(16"pi*t))/3 o e
(B) 0.50000 <t< 1.00000 2°(1-t)ces(32"pi*t) [+
2*exp(-16*(t-0.5)" 2)*atan(14"cos(16"pi*t))/3
L]
T C t abs 1 2 3 ( } t
i 3 I ~2 sqrt 4 5 & !
¢ i exp In 7 8 9 +
asinh | |acosh latanh log10  log2 C o . pi
Save Cancel

Waveform segments

X Add up to 32 waveform segments and define their time fractional timgeriods within a
single period of the total waveform

X To add or remove segments, pressthe Add / Removelabel and click the e and eicons
that appear to the left of the equations

x To maodify the period of an individual segmentglick its time segment label and type in the
desired end time for that period. The starting time for each segment ithe end time for the
previous segment.
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X The equation editor allows you to definearbitrary mathematical functionsfor each segment
in the waveform.

x Select from a range of common mathematical expressions including gronometric,
quadratic, exponential and logarithmic functions
The variablet represents time in the range from 0 to 1 periods ofite total waveform
Access recently entered equations by pressing the@ icon.

X The validity of the entered equation is indicated by theQ and 9 icons that appear to the
right of the equation box

Equation editor

2*exp(-16*(1-0.5)* 2)*atan(14*cos(16*pi*t))/3

O ]
af abs 1 2 3 ( ) t
a1 ! atar ha sqrt 4 5 6 . /
tant exp In 7 8 9
nh |acosh atani log10  log2 [ 0 & . pi

Save Cancel
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w
Power Supply

Moku:Go Power supply is available on M1 and M2 models. M1 features-&f#annel power supply,
while M2 features a 4channel power supply. The power supply control window can be accessed in
all instruments under the main menu.

The power supply operates in twvo modes: constant voltage (CV) or constant current (CC)mode.
For each channel, the user can set a current and voltage limit for the dput. Once a load is
connected, the power supply operates either at the set current or set vaage, whichever comes
first. If the power supply is voltage limited, it operates in the CV modef the power supply is current
limited, it operates in the CC mode.

& Power sum ,
— v | v |

17

5-5V 0-150 mA 0-16V 0- 150 mA

5.000 V 150 mA 16.000 V 150 mA
-1_501 v 151 mA 0.000 V 0.000 A
®—) e ®c ® o ® ‘
' |
l v | v | |
0s-5v 007-1A 0s-5V 007-1A
5.000 V 1.000 A 5.000 V 1.000 A I
0.000 V 0.000 A 5.000 vV 500 mA
[ _Na ® ® v ® ccC
ID  Function Description
1 Channel name Identifies the power supply being controlled.
2 Channel range Indicates the voltage/current range of the channel.
3 Set value Click the blue numbers to set the voltage and current limit.
4 Readback numbers  Voltage and current readback from the power supply, the actual
voltage and current being supplied to the external load.
5 Mode indicator Indicates if the power supply is in CV (green) or CC (red) mode.
6 On/Off Toggle Click to turn the power supply on and off.
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Ensure Moku:Go is fully updated. For the latest information:

www.liquidinstrumentscom
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Spectrum Analyzer
Moku:Go User Manual

Moku:Go’s Spectrum Analyzer allows you to observe input signals in the foggiency domain
between DC and 30 MHz. View two channels of data simultaneously with a resolution batwidth
as low as 1 Hz over a minimum span of 100 Hz. The Spectrum Analyzer alsatfires two integrated

waveform generators capable of producing sine waves at up t&0 MHz.
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Ensure Moku:Go is fully updated. For the latest information:

www.liquidinstruments.com
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User Interface

O
—©
_®

e | « Q}ammmm \L —"l, n4’x
@ Oy ) ]
|
| —®
o E5) ()
% oMz 20 MHz ]ﬂg 400z 50 Mz 0 MHz
ID Description ID Description
1 Main menu 5 Signal display area
2 Save data 6 Play/Pause
3 Signal displaynavigation 7 Cursors
4 Settings 8 Reference position indicator
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Main Menu

The main menu can be accessed byclicking the@ icon on the top-left corner.

S)

Save/recall settings L4
Reset instrument

Power supply

File manager

File converter

Help »

This menu provides thefollowing options:

Options Shortcuts  Description
Save/recall settings:

X Save instrument state Ctrl+S Save the current instrument settings

X Load instrument state Ctrl+O Load last saved instrument settings

X Show current sate Show the currentinstrument settings
Reset instrument Ctri+R Reset the instrument totis default state
Power supply Access power supply control window*
File manager Open file manager tool**
File converter Open file converter tool.**
Help

x Liquid Instruments website Access Liquid Instruments website

X Shortcuts list Ctrl+H Show Moku:Go app shortcuts list

X Manual F1 Access instrument manual

X Report an issue Report bug to Liquid Instruments

X About Show app version, check update, oflicense

information.

* Power supply is available on Moku:Go M1 and M2 models. Detailed informath about power supply can be found in Moku:Go power
supply manual.

**Detailed information about the file manager and file converter can be foundat the end of this user manual.

%
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Export data

The export data options can be accessed by pressing the@ icon, allowing you to:

Export data X
EXPORT TYPE
®__> ® Traces QO saeenshot O settings
FORMAT
@'—9 ® osv O mat
>

DESTINATION

@——) ® MyFiles O clipboard QO share

Export Close

O

Description

Select the type of data to export.

Select the exporting format (CSV or MAT)

Enter additional comments for the saved file.

Select the exporting location on your local computer.
Click to execute data export.

Click to close the export datawindow.

o O~ WN B

%
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Signal Display Navigation
Signal display position

The displayed siganl can be moved around the screen by clicking anywhere othe signal display

window and dragging to the new position. The cursor will turn into {Uicon once clicked, drag
horizontally to shift along the frequency axis and drg vertically to shift along the amplitudépower
axis.

The signal displaycan also be moved hotizontally and verticallywith arrow keys.

Display scale and zoom
Scrolling the mouse wheel zooms in and out along the primary axis. Accesselscroll setting by

hovering the cursor over the -~ icon.

Icons Description

@ Assign the horizonal axis as the primary axis.

Assign the vertical axis as the primary axis.

Rubber band zoom: hold the primary mouse button to draw a region to
zoom-in, release the button to execute.

Additional keyboard combinations are also available.

Actions Description

Ctrl + Scroll Wheel Zoom secondary axis

+/- Zoom primary axis with keyboard
Ctrl +/- Zoom secondary axis with keyboard
Shift + Scroll Wheel Zoom primary axistowards the center.

Ctrl + Shift + Scroll Wheel  Zoom secondary axis towards the center

R Rubber band zoom

Auto scale

Double click anywhere on the signal display window to auto scale the traces.

|
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&
Settings

The controls options can be accessed byclicking the icon, allowing you to reveal or hide the
control drawer, givingyou access to all instrument settingsThe controls drawer contains channels,
frequency, measurement, andoutput settings.

g

Channel

PSD units o
Synciine O

ID Description

1 Channel

2 Frequency

3 Measurement

4 OQutput

Channels

The channels pane allows you to change the input settings for each ADC channehdjust the input
scalesand coupling, and enable/disable the math channel.

- g x
" Channel 4 )

. e €———® Click to set the vertical axis scale (dBm, Vrms, Vpp, dBV)

PSD units (B €———— Click to enable or disable PSD units

e « €&——e Click to sync the vertical axes

® tnput? @ §$—* Click to enable/disable the input spectrum for input 1

Couplg €———— Click to set the input coupling of the input 1 (DC or AC)

Range y €————a Click to set the input range of the input 1 (10 Vpp or 50 Vpp)

P— © €——e Click to enable/disable the input spectrum for input 2

Couplig Ae & €——» Click to set the input coupling of the input 2 (DC or AC)

Range €——» Click to set the input range of the input 2 (10 Vpp or 50 Vpp)

 Math channel @ €¢——= Click to enable/disable the math channel

n ¢ ho x €——— Click to reset hold

T i * Click to select operations

Click to select input

Four operations are currently supported by MokuGo's Spectrum Analyzer +,x, min hold and max
hold.
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Frequency

The frequency pane allows you to change parameters related tahe frequency domain (horizontal
axis),including frequency span, resolution bandwidth(RBW)and video bandwidth.

- O %
" Frequency
Frequency
start u &——=» Click to set start / lower frequency of the spectrum analyzer measurement
stop 1 Mz &———— Click to set the end / higher frequency of the spectrum measurement
Center ' Mz &————=o Click to set the center frequency
span 00 00 M &————e Click to set the width of the frequency
Resolution bandwidth
REW mode we ——s Click to select the resolution bandwidth*
REW 68 kit &——=e Click to manually set the desired RBW value
Window  Blackman saie > ———8 Click to set the window function**
Video filter off
&———e Move slider to set the corner of the video filter
Averaging L
¢ &———e Move slider to show the average from subsequent screens/frames (0-100 averages)

Note that [Start, Stog and [Center, Span in the frequency panelare equivalent representatiors of
the measured frequency range.Moku:Go will automatically update the other pair if one is changed.

* Auto: determines the bestRBW automatically; Manual: manually set the RBWin: uses the
smallest RBW available.

** Available options: BlackmarHarris,Flat top, Hanning, and None.
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Measurement

The measurement paneallows you to add/remove measurements to probe a spectra’s peak level,
peak frequency, noise level etc. A measurement can be assigned to a specific input channel, math
channel, ordifference between any two channels.

-]
-7.23 dBln(-
-]

30.00 MHz

[ 21 LR ]

10.00 MHz

®
@

o

Description

Measurement type.

g A W N P

Measurement value.

Click to add additional measurement tile
Measurement source. Click to loopthrough the measurement sources.

Click to remove the measurementtile.

Click a measurement tile to open the menu to adjust the measurementhe following options are

available:
Options Description
Type Select the measurement type.

x Peak level
x Peak frequency
x Noise level
x Peak SNR

x Occupied BW
Channels
Difference Channels

Remove

Power/voltage level of the highest peak.
Frequency of the highestpeak.
Power/voltage level of the average baseline.

The signatto-noise ratio of the highest peak
to the baseline.

Occupied bandwidth of the highest peak.
Select measurement source.

Measure the difference between the
measurement source to another channel.

Remove the measurement tile.

\‘//4 ﬁ Sl Scientific Instruments GmbH
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Output

The output pane allows you to configure the Spectrum Analyzer'sntegrated sine wave generator.

= g X
Output
® Output 1 (P |é&——= Clickto enable output 1sinusoidal signal

Froquency

: : €&———= Click to set the frequency of the output 1 signal
Amplitude 000 iy €&———— Click to set the amplitude of the output 1 signal

sweep (B |é&——— Click to sweep frequency of output 1
® Output 2 (P |é&——= Clickto enable output 2 sinusoidal signal
Froquancy

€&——» Click to set the frequency of the output 2 signal
Ampiitude €———= Click to set the amplitude of the output 2 signal
sweep €&——e Click to sweep frequency of output 2
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Display
User Interface
This area is intended to displaythe spectrum of input and math channels, wherehe horizontal axis

is the measured frequency range and the vertical axis is the power gpower spectral density (PSD
in linear or log scales.

®

b, .4

- I

S I |
C _ . 1 é : , 5
ID Description
1  Spectrum for inputchannel 1.
2  Spectrum for inputchannel 2.
3 Frequency axis: shows the frequency scale for both channsl
4 Power axis: shows the power scale fothe active channel. *

The scales of both axes can bezoom and drag.

* The shaded colornear the vertical axis indicates the active channeRed represents channel 1
blue represents channel 2 and represents the math channel
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Spectrum Trace

Rightclick (secondary click) in the signal display area reveals additionalption for the active
channel. You can add or remove reference trace, or save the current frame on theigplay via this
menu. Options regarding to cursors is covered irdetail in the next section.

Add frequency cursar
Add power cursor

Add tracking cursor

Show reference trace

Save current frame...

Options Description

Show reference trace Display the current frame as reference trace.
Clear reference trace Clear the current reference trace.

Save current frame Open the export data window.
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cursors

The cursors can be accessed byclicking the ]:on, allowing you to add power or frequency
cursors, or remove all cursors. In addition, you can click and hold the csors icon, and drag
horizontally to add a frequency cursor, or vertically to add a powecursor.

User Interface

20 dem
~30 dém

~40 1lfw

*50 dfm

80 dm

5 Mtz 10 Miie

15 Mile 0wt 25 Mite 36y

ID Parameter

Description

1 Frequency reading
2 Frequency cursor

Power cursor
Cursor function
Amplitude reading
Reference indicator

o 01~ W
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Rightclick (secondary click)to reveal frequency cursor options.Drag
left or right to set positions.

Color represents the channel of the measurement (Gray
Unattached,Red — channel 1Blue — channel 2, - math).

Drag up or down to set positions.
Indicates the current cursor function (max, min, max hold, etc).
Rightclick (secondary click)to reveal amplitude cursor options.

Indicates the cursor is set as referenceAll other cursors in the same
domain and channel measure the offset to the reference cursor.
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Frequency Cursor

Rightclick (secondary click) to reveal frequency cursor options

______ Attach to trace 4
______ Reference
| Remove
|
|
|
|
Options Description
Frequency Cursor Cursor type.
Attach to trace Choose to attach the frequency cursor to input
1, input 2, or math channel. Once the cursor is
attached to a channel, it becomes to a
tracking cursor.
Reference Set the cursor as the reference cursor.
Remove Remove thefrequency cursor
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Tracking Cursor

Once a frequency cursor is attached to a channel, it becomes to a tracking cues. It displays the
set frequency, and the signal power level at the set frequency. Additionalmtions are available for

tracking cursor:
@
|

( -7.0803 dBm | 19.98 MH~ )

Tracking Cursor

_____ v Manual
————— Track peak

Track maximum

Channel

Detach from trace

Remove

l

Options Description

Tracking Cursor Cursor type.

Manual Manually set the tracking cursor frequency.
Track peak Track the frequency ofthe closest peak.
Track maximum Track the frequency of the global maximum.
Channel Assign tracking cursor to a specific chanel.

Detach from trace

Remove

N

Detach the tracking cursor to a frequency
cursor.

Remove the tracking cursor.
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Additional Tools

Moku:Goapp has two builtin file management tools: file manager and file converter.

File Manager

The file manager allows the user to download the saved data from Mok@Go to local computer, with
optional file format conversion.

[ File Manager x |
B select &——= Delete the selected file
[ MokubataloggerData_20210223_1154345 4348 %. Browse and select file to download from Moku:Go
1 fifes, 4.3 kB in total
Convert to
O None O esv @ manas O Humey «<——=e Optional file format conversion
Download
AN DSBS P Downioss €——e Select a local folder/download the selected file

Once a file is transferred to the local computer, 38 icon shows up next to the file.
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File Converter

The file converter converts the Moku:Go’s binary (.li) format on the loceomputer to either .csv,
.mat, or .npy format.

B Liguid Instruments File Converter — *
File Help

Drag files or folders here

‘ €——e Drag .li file here to convert

Choose export format

® csv ® mat O .npy €——e Select output format

The converted file is saved h the same folder as the original file.

Liquid Instruments File Converter has the following menu options:

Options Shortcut Description
File
x Open file Ctrl+O Select a .li file to convert
X Open folder Ctrl+Shift+O Select a folder to convert
x Exit Close the file converter window
Help
X Liquid Instruments website Access Liquid Instruments website
X Report an issue Report bug to Liquid Instruments
X About Show app version, check update, or license
information
N
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Power Supply

Moku:Go Power supply is available on M1 and M2 models. M1 features-&f#annel power supply,
while M2 features a 4channel power supply. The power supply control window can be accessed in
all instruments under the main menu.

The power supply operates in twvo modes: constant voltage (CV) or constant current (CC)mode.
For each channel, the user can set a current and voltage limit for the dput. Once a load is
connected, the power supply operates either at the set current or set vaage, whichever comes
first. If the power supply is voltage limited, it operates in the CV modef the power supply is current
limited, it operates in the CC mode.

& Power sum ,
— v | v |

17

5-5V 0-150 mA 0-16V 0- 150 mA

5.000 V 150 mA 16.000 V 150 mA
-1_501 v 151 mA 0.000 V 0.000 A
®—) e ®c ® o ® ‘
' |
l v | v | |
0s-5v 007-1A 0s-5V 007-1A
5.000 V 1.000 A 5.000 V 1.000 A I
0.000 V 0.000 A 5.000 vV 500 mA
[ _Na ® ® v ® ccC
ID  Function Description
1 Channel name Identifies the power supply being controlled.
2 Channel range Indicates the voltage/current range of the channel.
3 Set value Click the blue numbers to set the voltage and current limit.
4 Readback numbers  Voltage and current readback from the power supply, the actual
voltage and current being supplied to the external load.
5 Mode indicator Indicates if the power supply is in CV (green) or CC (red) mode.
6 On/Off Toggle Click to turn the power supply on and off.
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Ensure MokuGo is fully updated. For the latest information:

www.liquidinstruments.com
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Lock-In Amplifier
Moku:Go User Manual

Moku:GoOs digital Loeki Amplifier supports duatphase demodulation (XY/R) from DC t020 MHz.
It features an integrated 2channel oscilloscope and data logger, enabling you to observe signals at
up to 125 MSa/s and log data at up to 1 MSa/s. A PID controller can also be placed after t
demodulation stage for phaselocked loop applications.
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Ensure Moku:Go is fully updated. For the latest information:

www.liquidinstruments.com
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Introduction

Lock-in amplifiers are extremely versatileinstrumentsused primarily torecover the magnitude and
phase of weak oscillating signals in the presence of overwhelming noise. They are used in a vast
range of applicationsincluding atomic physics, radiefrequency engineering, materials science,
precision laser metrology, and many more.

Principle of Operation

Lock-in amplifierswork by demodulating an input signal! "#®&' ()* with areference signal
"HEL' *.

LPf

! 5 } N X = Rcos(d)

/\/\/\/\/ sin{wt) /\/ Reference

oscillator

B—) Y = Rsin(®})
LPF

The demodulation process producestwo spectral components: an up-shifted signal with a
frequency equal to the sum of the input and reference signals, and adown-shifted signal with a
frequency equal to the difference of the input and reference signals.

Rsin{wt+t ¢) +90°

If the input and reference signals have the same frequency , then the down-shifted component
will appear at DG whereas the upshifted component will appear & twice the input frequency with
additive phase.

A low pass filter is used toattenuate the up-shifted signal and to suppress noise the output of
which is proportional to the amplitude of the input signalscaled by the cosine of the phase
difference:! +," %)* In order to reconstruct the magnitude and phase of the input signal, it is
necessary to demodulateit with two orthogonal references sine and cosine,to produce in-phase
(X)and quadrature (Y)components relativeto the reference. This process is referred to as dual
phase demodulation and is a standard feature of all modern lockn amplifiers

With X and Y, the magnitude R and phase# can be calculatedas !-. /0' (1 ! and) -
23$7 %140*

S I Sl Scientific Instruments GmbH
—>-}(< Roemerstr. 67 | 82205 Gilching +49 8105 77940 | info@si-gmbh.de | www.si-gmbh.de | Follow us on:m

4| Moku:GoOs Lockn Amplifier User Manual © 2022 Liquid Instruments. All rights reserved.



User Interface

ID Description ID Description
1 Input settings 6 Channel 1 output
2 Main menu 7 Channel 2 output
3 Probe point 8 Oscilloscope/Data Logger
4 Filter settings 9 Reference oscillator
5 Advanced configuration menu
%K—ﬂ glz)ircri?;?cé;i‘tgjzr;ggtéﬁmg; +49 8105 77940 | info@si-gmbh.de | wwwsi-gmbh.de | Follow us on{T) (€
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Main Menu

The main menu can be accessed byclicking the@ icon, allowing you to

SRR e
e

-

Lock-In Amplifier
il Running in cemo modz

= My devices & Select device or return to selection screen

£ Switch instruments &= Select instrument or return to selection screen

& Save/recall settings > | €————e Save and load instrument settings

@ Resetinstrument &———— Reset the instrument to its default state (cannot be undone)

T Power supply &———— Open Programmable Power Supply window

M File manager &= Open File manager

{ File converter &= Open File converter

@ Help > | &————= Get some help on how to use various instrument features
@ €&——= Launch the liquidinstruments.com website

liquidinstruments.com

SI Scientific Instruments GmbH
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Signal Input

Click the icon to configure the input settings for the signal input.

®

DC
0dB:10 Vpp

[couping -« |é—————o Select between AC and DC input coupling
Attenuation =~ &———a Select input attenuation bewteen 0 dB or -14 dB

TaET O Vep
Local oscillator

@_

{_1.000 000 000 000 | MH
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Dual-Phase Demodulator

Moku:GoO4 ock-in Amplifier features a duakphase demodulator with cascaded single polelow
pass filters toattenuate the second harmonicand suppress noisein the in-phase and quadrature
components.
X Select between 6, 12 18§ or 24 dB / octave low pass filter slopes.
x Select between rectangular (X/Y) and polar (R} coordinate modes.
x View the demodulated in-phase and quadrature signals prior to the lowpass filters usng
probe points.
x Select which demodulated signal to route to the output. Note: your options depend on how
the Lock-in Amplifier is configured.

Lowpass filter Rect

DC

0dB:10Vpp

N

6 dB f octave =

Select between rectangular (X/Y)
and polar (R/") coordinate modes

0dB:10 Vpp Phase shift

Local oscillator Aux oscillator
1.000 DOO 000 000 | MHz 1.000 000 000 000 | MHz

Select between 6, 12, 18, or
24 dB / octave lowpass plter

Rectangular (or Cartesiangoordinate mode measuresthe input signalwith respectto a specific
quadrature of thereference signal. When combined with a PID controllerCartesian modecan be
used to perform laser frequency stabilization.

Polar coordinate mode measures the amplitude and phase of the input signal with respect to the
reference signal. Polar mode is not available whemsing external references in straightthrough
mode due to the lack of a quadrature demodulation signal

Sl Scientific Instruments GmbH
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Filter Bandwidth and Time Constant
The filter bandwidth and time constant are equivalent representation$or the width of the filter
passband. They can be convertedusing the following equation:

>
" 2@ AB6C'8IB=;FG6F'H

5678.9::<'=;"

Rect-to-Polar Conversion Range

In polar mode, the rectangularto-polar conversion range allows you toselect the signal processing
range for optimized systemperformance. Three ranges are available: 2Vyp, 7.5 mVy,, and 25 $Vp.
The smallest range which can accommodate your signalithout saturatingshould be used. For
example, ifthe measuredsignal hasan amplitude of 1 mVpp, the 7.5 mV would be the most
suitable range; if a signal has an amplitude of 1 Vpp, the 2 Vpp range would be the most suitable
range.

o Lowpass filter Polar Gain
Output offset

0dB:10 Vpp ) =
%';\-’-.-’-.-. p 5@ @

2vpp ~

6 dB / octave ¥ Invert
pe 7.5 mV)
0dB: 10 Vpp Phase shift -5 mVpp
. 25V,
Local oscillator B el Amplitude
Output offset
QY A-—()0@—(
1.000 000 000 000 MHz ) (o00]vep )

SI Scientific Instruments GmbH
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Outputs

Configure the gain/ amplitude and voltage offset of the two output channels Enable / disable
either output channel byclicking the and icons. View the signal at the output of each
channel using the probe points@ .

Click the (=) icon to turn the output on with 0 or +14 dB gain
< oro!

GasTalS '
Conbgure the output voltage o set
Conbgure the output gain

Output offset B

SI Sl Scientific Inst ts GmbH
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Advanced Configuration

The Lock-in AmplifierOs digital signal processing layogtin be rapidly re-configured to suit different
applications. Accessthe advanced configuration menu using the@ icon at the topight corner of
the interface.

x Select between internal, external (straighthrough), or external (phaselocked)
demodulation references. Alternatively, you can bypass the demodulation by s&cting
OnneO.

x Configure the auxiliary output to generate an independentux oscillator with adjustable
frequency and amplitude, the second output from the demodulator (e.g., generate volgge
signals proportional to R and! from outputs 1 and 2 respectivsl), or thelocal oscillator
(available in internal demodulation mode only)

x A PIDcontroller can be added tothe main output (channel 1) or the auxiliary output (only
available when generating a second filtered signal from the auxiliary output)

@ Select between Internal, External,
f External (PLL),and None demodulation modes
et Local oscillator source >
Ausiliary output 5 — Select betwgen Aux Q_scnlator, Filtered Signal
Out 1 and Local Signal auxiliary outputs

PID controller >
OFF ;
Select di! erent PID controller modes

Sl Scientific Instruments GmbH
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Demodulation

The demodulation mode determineswhich reference signalis used to demodulate the input signal

Internal

The input signal can be demodulated with an internally generated reference signal. Thiscal
oscillator is derived from Moku:GoOs internal clock and thus shares the same timebase. The
frequency range of the internal reference is 1 mHz t80 MHz.

External (direct)

The input signal can be demodulated by a direct external reference, permittinghe use of non
sinusoidaldemodulation of the input signal Thiscan be used to measure carelation orto recover
specific components of complex input signals.

The arbitrary nature of direct external reference signals measithat they cannot be used to perform
dual-phase (orthogonal) demodulation of the input signal. This prevents external (direct)
demodulation mode from be used to measure Y, Rand ! since only one quadrature can be
interrogated.

\\‘//L Sl Scientific Instruments GmbH
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External (PLL)

Dual-phase demodulation of the input signal with an external reference can be performed using
phase-locked external reference mode, which constructs two orthogonal reference signalphase-
locked to the external reference. This mode uses a digitally implementeghhase-locked loop to
track the phase of theexternal reference with auser selectable bandwidth, allowing it to generate
phase-locked in-phase and quadraturesinusoids at the same frequencywith adjustable phase.

External (PLL) mode enables the Lock Amplifier to recover information in all quadrats (X/Y and
R/') without requiring Moku:Go to share the samesource clock as the external system.

The phaselocked loop will automatically lock to the strongest harmonic of the external reference
in the range of 100Hz to 20 MHz inauto mode. Tracking frequencies betweenl00 Hz and 20 MHz
can be manually entered. The reacquire button can be used to rdéock to the external reference.

. &—e Click to re-lock to the external reference
&——— e Click to enable/disable auto mode
&———e Click to manually enter a tracking frequency
&—— e Click to select a tracking bandwidth

(% ) ()

200 mV
~ . /

None

The demodulation step can be bypassed by selectingOmneO This enables modulatiorfree locking
techniques such as DC locking fringe-side locking, and tilt locking.
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Auxiliary Output

Moku:GoOsecond output can be configured to generate an additional auxiliary voltage signal

Aux Oscillator

Aux oscillator mode allows you to generate a sinusoidal signal with independently configable
frequency, amplitude, and voltage offset. The frequency can be adjusted from 1 mHz 20 MHz
and the amplitude range (amplitude + offset) i§ Vy, with 1 mV resolution.

The generated waveform shares the same tirabase as the rest of the instrument. When used with
internal demodulation, this mode can be used to stimulate a system at one frequengnd
demodulate at a different frequency, for example in wavelength modulation spectroscopy where it
is necessary todemodulate harmonics of the input signal.

= Lowpass filter Polar Gal

0 dB: 10 Vpp Output offset

in
R "
SRS S0 a0
s
OFF
2Vpp~

6 dB / octave - 1V /eye Invert

0dB:10 Vpp Phase shift
Local oscillator Aux oscillator Amplitude
1,000 000 000 000 | MHz 1.000 000 000 000

[ E
o

The aux oscillator auxiliary output mode allows you to generate a local oscillator
signal with independent frequency, amplitude, and vertical d set control

Sl Scientific Instruments GmbH
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Filtered Signal
The second output of the duatphase demodulator can be routed toMoku:GoOsecond output
channel to produce a voltage signal proportional toY or ! .

This mode can be used to record both in-phase and quadrature at the same timeusing probe
points.

The Pltered signal auxiliary output mode generates a second voltage signal
proportional to the second low pass bltered output of the demodulator

Local Oscillator

The internal reference used to demodulate the input signatan be used to generate a sinusoidal
waveform at the same frequency with configurable amplitde and voltage offset.

The local oscillator auxiliary output mode will generate a local oscillator at the same
frequency as the demodulation waveform with full amplitude and vertical d set control

\\‘//L Sl Scientific Instruments GmbH
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PID Controller

Moku:GoOs Lockn Amplifiercan be used to control an external systerrby acting as both a sensor
and controller using a dedicated PID controllerThe PID controllerOs frequency dependent gain can
be easily configured to satisfy the stability requirements of the control system.

Note: The Lock-in Amplifier can only implementa single PID controller at a time. This means that
when the instrumentOs auxiliary output is configuréd generate a voltage signal proportional to the
Y or!, the PID controllercan be used oneither X/R or Y/, but not both.

Off

Turns off the full PD controller. A flat gain can still be configured.

Main Output

Adds a PID controllerto the main output.

A PID controller can be implemented on the main output j

Auxiliary Output
Adds a PID controller to the auxiliary output

A PID controller can be implemented on the auxiliary output

Sl Scientific Instruments GmbH
*>/>-}(% S I Roemerstr. 67 | 82205 Gilching +49 8105 77940 | info@si-gmbh.de | www.si-gmbh.de | Follow us on:m

16 | Moku:GoOs Locin Amplifier User Manual © 2022 Liquid Instruments. All rights reserved.



PID Controller

The PID controller provides fulkcontrol over proportional, integral and derivative gain profiles with
saturation levels available for the integral and derivative controllersthe PIDOs transfer function is
updated in reaktime.

The gain of each control stage can be adjustedndividually. The following example shows a
proportional-plus-integral controller with a unity gain crossover frequency aB10Hz. It is possible to
maintain this crossover frequency with the proportioal gain by using theoverall gain control on
the left, which will shift the entire gain profile up and downMore details about the PID controller
can be found in Moku:GoO#ID Contrdler manual.
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Probe Points

Moku:GoOs ock-in Amplifier has an integrated oscilloscope and data logger that can be used to
probe the signal atvarious stages of the demodulation process The probe points can be added by
clicking the icon.Up to four probe points can be added to monitor or log data.

Oscilloscope

ID Parameter

Description

1 Probe points

2 Oscilloscope/Data
Logger toggle

3 Oscilloscope

Click to place the probe point. You can enable up totwo probe points
at a time.

Toggle between built-in Oscilloscope or Data Logger

Refer to the Moku:GoO®scilloscope manual for the details

\\‘// S I Sl Scientific Instruments GmbH
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Data Logger

ID Parameter

Description

1 Probe points

2 Oscilloscope/data
logger toggle

3 Data Logger

Click to place the probe point. You can enable up to four probe points
at a time.

Toggle between built-in oscilloscope or data logger

Refer to the Moku:Go® Data Logger manual for the details

\\‘// S I Sl Scientific Instruments GmbH
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Additional Tools

Moku:GoOapp has two builtin file management tools: file manager and file converter. The file
manager allows users to download the saved data from MakGo to a local computer, with optional

file format conversion. The file converter converts the Moku:GoOs bingr) format on the local
computer to either .csv, .mat, or .npy format.

File Manager

Once a file is transferred to the local computer, a icon shows up next to the file.
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File Converter

The converted file is saved in the same folder as the origindile.

Liquid Instruments File Converter has the following menu options:

Options Shortcut Description

File
x Open file Ctrl+O Select a .li file to convert
x Open folder Ctrl+Shift+O Select a folder to convert
x Exit Close the file converter window

Help
X Liquid Instruments website Access Liquid Instruments website
X Report an issue Report bug to Liquid Instruments
X About Show app version, check update, or license

information
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Power Supply

Moku:GoOpower supply is available on M1 and M2 models. M1 features ackannel power supply,
while M2 features a 4channel power supply. The power supply control window can be accessed in
all instruments under the main menu.

The power supply operates in two modes:constant voltage (CV) or constant current (CC) mode.
For each channel, the user can set a current and voltage limit for the output. Once a load is
connected, the power supply operates either at the set current or sevoltage, whichever comes
first. If the power supply is voltage limited, it operates in the CV mode. If the power supply is cunie
limited, it operates in the CC mode.

ID Function

Description

1 Channel name Identifies the power supply being controlled
2 Channel range Indicates the voltage/current range of the channel
3 Set value Click the blue numbers to set the voltage and current limit
4 Readback numbers  Voltage and current readback from the power supply, the actual
voltage and current beingsupplied to the external load
5 Mode indicator Indicates if the power supply is in CV (green) or CC (red) mode
6 On/Off Toggle Click to turn the power supply on and off
%;}(% SI gzirﬂzpélﬁcégﬁt;‘;?ggtélim2: +49 8105 77940 | info@si-gmbh.de | wwwisi-gmbh.de | Follow us on{{T) (€
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Ensure Moku:Go is fully updated. For the latest information:

www.liguidinstruments.com
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Moku:Go User Manual

With MokuGoOs Digital Filter Box, you can interactively design and generate different types of
infinite impulse response filters with sampling rates 061.035kHz, 488.28 kHzand 3.9063 MHz.
Select between low pass, high pass, band pass, and band stop filter shapes with up to eight fully
configurable types including Butterworth, Chebysheyand Elliptic.
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Ensure MokuGo is fully updated. For the latest information:

www.liquidinstruments.com
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User Interface

ID Description

1 Main menu

2a  Input configuration for Channel 1

2b  Input configuration for Channel 2

3 Control matrix

4a  Configurationfor filter 1

4b  Configuration forfilter 2

5a  Output switch for Channel 1

5b  Output switch for Channel 2

6 Enable/disable the oscilloscope view
7 Enable/disable the datalogger view
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Main Menu

The main menu can be accessed by pressing the icon on the topleft corner.
Options Shortcuts ~ Description

My devices Search for Moku devices

Switch instruments Switch instruments on this Moku:Go

Save/recall settings:

¥ Save instrument state Ctrl+S Save the current instrument settings

¥ Load instrument state Ctrl+O Load last saved instrument settings

¥ Show current sate Show the current instrument settings
Reset instrument Ctrl+R Reset the instrument toits default state
Power supply Access power supply control window*
File manager Open file manager tool**
File converter Open file converter tool**
Help

¥ Liquid Instruments website Access Liquid Instruments website

Shortcuts list Ctrl+H Show Moku:Go app shortcuts list

¥ Manual F1 Access instrument manual

¥ Report anissue Report bug to Liquid Instruments

¥ About Show app version, checkfor updates, or show

license information

*Power supply is available on Moku:Go M1 and M2 models. Detailed informationkzout power supply can be found in Moku:GoOpower
supply manual.

**Detailed information about the file manager and fileconverter can be found toward the end of this user mantal.
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Input Configuration

The input configuration can be accessed byclicking the or icon, allowing you to adjust
the coupling and inputattenuation (and thereforevoltage range)for each input channel.

Details about the probe points can be found inthe Probe Paints section.

Control Matrix

The control matrix combines, rescales, and redistributes the input signal to the two independent
filters. The output vector is the product of thecontrol matrixmultiplied by the input vector.

"#$% # *
B esno NI G

THE %' ,
where
"H#S%E&) # - o*- /'
"HEN') + - 0,- /'
For example, a control matrix oti‘ &( equally combines the and Input 2 to the top Pathl

(filter 1) multiples Input 2 by a factor of two, andthen sends it to the bottomPath2 (filter 2).

The value of each element in the control matrix can be set between20 to +20 with 0.1 increments
when the absolute value is less than 1®r 1 incrementwhen the absolute value is between 10 and
20. Click the element to adjust the value.
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Digital Filters

\I
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The two independent, real-time configurable digital IIR filterpaths follow the control matrix in the
block diagram, represented ingreen and purple for filters 1 and 2, respectively.

User Interface

ID Parameter

Description

Input offset
Input gain
Probe points

Click to adjust the input offset {2.5 to +2.5 V).
Click to adjust the input gain {40 to 40 dB).

Click to enable/disable the probe points. SeeProbe Pointssection for
details.

4  Digital filter Click to view and configure the digital filter builder.
5 Quick filter control Click or slide to quickly adjust the filter settings
6 Output gain Click to adjust the output gain (40 to 40 dB).
7  Output switch Click to zero the filter output.
8 Output offset Click to adjust the output offset (2.5 to +2.5 V).
9 DAC switch Click to enable/disable MokuGoOs DAC output.
%9}(% SI EL‘:’rCT:Z’r‘;'tfr'cé;‘sl‘tg’zr;ggtéﬁm2: +49 8105 77940 | info@si-gmbh.de | wwwisi-gmbh.de | Follow us on{{T) (€
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Configure IIR filter characteristics

Detailed filter interface

Click the icon to open the fullfilter view.

@ DD
@

| M@l
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ID Parameter Description

la Frequency Cursor for cornerfrequency.
(horizontal) cursor
1b  Cursor reading Reading for frequency cursor. Drag to adjust the corner

frequency. Click to select andmanually enterthe corner
frequency in 8b.!

2a  Gain (vertical) cursor Cursor for ripple/gain/attenuation level.

2b  Cursorhandle Short name and handlefor gain cursor. Drag to adjust the
gain/ripple level. Click to select and manually enter passband
ripple in 8b.!

3 Display toggle Toggle between magnitude and phase response curve.

4 Filter shape selection Click to select between lowpass, highpass, bandpass, band
stop, and customfilters.

5 Sampling rate Click to select between 3.9063 MHz, 488.28 kHz,or 61.035kHz.

6 Filter type selection  Click to select between Butterworth, Chebyshev I/11, Elliptic,
Bessel,Gaussian, Cascaded or Legendre filtersWhen selected,
a short description of the filter type will be given below.

7 Filter order Slide to adjust filter orders.
8a Active configurable Name of the active configurable parameter.
parameter
8b Parameter value Click to manually enter the active configurable parameter value.
9  Save and close Click to save and close the filter builder.
%9}(% SI ?elzf:’rcri?;frlcesl;?;gggtéﬁm2: +49 8105 77940 | info@si-gmbh.de | wwwisi-gmbh.de | Follow us on{{T) (€
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Filter Shapes

The shape of the filter can be selected by clicking thel4 button (onpage 7). There ae four pre-

defined filter shapes and a fullycustomizablefilter option.

Sampling Rates

Users can select between 3.9063 MHz, 488.28 kHz, or 61.035 kHz of output sampgjirate based
on the desired corner frequencies. The following table summarizes théower and upper bounds for
each shape of pre-defined filters with different sampling rates:

Shape Sampling Rate Minimum corner frequency Maximum corner frequency
Lowpass  61.035 kHz 11.73nHz 27.47kHz
488.28 kHz 93.81mHz 219.7kHz
3.9063 MHz 750.5 mHz 1.758MHz
Highpass 61.035 kHz 144.7mHz 27.47kHz
488.28 kHz 1.158Hz 219.7kHz
3.9063 MHz 9.263 Hz 1.758MHz
Bandpass 61.035 kHz 610.4mHz 27.47kHz
488.28 kHz 4.883 Hz 219.7kHz
3.9063 MHz 39.06 Hz 1.758MHz
Bandstop  61.035 kHz 11.73nHz 27.47kHz
488.28 kHz 93.81mHz 219.7kHz
3.9063 MHz 750.5 mHz 1.758MHz
%9}(% SI EL‘:’rCT:Z’r‘;'tfr'cé;‘sl‘tg’zr;ggtéﬁm2: +49 8105 77940 | info@si-gmbh.de | wwwisi-gmbh.de | Follow us on{{T) (€
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Filter types

The type of filter can be selected by pressing thel6 button (on Page 9). There are seven pre

defined filter types with userselectable filter orders from 2 up to 8, depending on the filter shapes.

Filter Types Description

Butterworth Butterworth filters have a maximally flat passband and monotonic frequency
response.

Chebyshev | Chebyshev | filters have ripple in the passband but a sharper transition than
Butterworth filters.

Chebyshev I Chebysheuv I filters have ripple in the stopband but a sharper transition than
Butterworth filters.

Elliptic Elliptic (Cauer) filters have ripple in both passband and stopband, but the
sharpest possible transition.

Cascaded Cascaded firstorder filters have zero overshoot in the time domain.

Bessel Bessel filters have a maximally flat group and phasdelay in the passband, thus

preserving the wave shape of passed signals.

Gaussian Gaussian filters have theminimumpossible group delay, and a stepresponse
with no overshoot and minimum rise and fall time.

Legendre Legendre (Optimum L) filters haveéhe sharpest possible transition while
maintaining a monotonic frequency response.

Filter Orders

For single sided filters, the order of the filter can beset to 2, 4, 6, or 8. For double sided filters, the
order of the filter can be?2 or 4.

Ripples

Chebyshev |, 11, and Elliptic filters have ripples on either passband, stopband both. The following
table summarize the adjustable range for the passband and stopband ripples for ttse filter types.

Filter Types  Passband Ripple Stopband Ripple

Chebyshev| 0.1 dB to 10.0 dB with 0.1 dB incremerN/A

Chebyshev Il N/A 10.0 dB to 100.0 dB with 1 dB increment
Elliptic 0.1 dB to 10.0 dB with 0.1 dB incremer10.0 dB to 100.0 dB with 1 dB increment

Coefficient Quantization

Due to the limited precision with which a coefficient can be digitally representedquantization error
is pronounced at certainlIR filter settings. A red coefficient quantization warning may appear on¢h
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bottom of the response plotand a red trace in the transfer function showing thelosest achievable
filter response to the ideal value in green

Custom filter

Additionally, a custom filter type allows for theifilter coefficients tobe uploaded from the clipboard
or a local file. Click the icon to see explanation of the coefficients and file format
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Custom filter details

Each coefficient must be in the range-4.0,+4.0). Internally, these are represented as signed 4Bit
fixed-point numbers, with 45 fractional bits. The output scaling can be up to 8,000,000. Filter
coefficients can be computed using signal processing toolboxes in e.g. MATLAB @ciPy.

Some coefficients may result in overflow or underflow, which degrade filter performance. Filter
responses shouldbe checked prior to use.
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Output Switches

Switches can be used toconnect or disconnect the output signal When a switch is in open state,
the output signal will be Output offset voltage.

Closed/Enable
Open/Disable
Sl Scientific Inst ts GmbH
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Probe Points

Moku:GoO®igital Filter Boxhas an integrated oscilloscope that can be used to probe the signal at
the input, pre-filter, and output stages. The probe points can be added byClicking the icon.

Oscilloscope

®
N\

2.

N

pd

N

—
ID Parameter Description
1 Input probe point Click to place the probe point at input
2 Prefilter probe point  Click to place the probe afterinput gain
3 Output probe point Click to place the probe at output
4 Oscilloscope settings* Additional settings for builtin oscilloscope
5 Measurement Measurement function for builtin oscilloscope
6 Oscilloscope* Signal display area for oscilloscope

*Detailed instructions for the oscilloscope instrument can be found in Moku:Ga®scilloscope
manual.
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Data Logger

©,
\4

ID Parameter Description

1 Input probe point Click to place the probe point at inputs.

2 Pre-Filter probe point Click to place the probe before the filter.

3 Output probe point Click to place the probe at outputs.

4 Oscilloscope/data Toggle between built-in oscilloscope or data logger.

logger toggle

5 Data Logger Refer to Moku:GoO®Data Logger manual for the details.
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Additional Tools

Moku:GoOspp has two builtin file management tools: file manager and file converter. The file
manager allows uses to download the saved data from Moku:Go tca local computer, with optional

file format conversion. The file converter converts the Moku:GoOs bingr) format on the local
computer to either .csv, .mat, or .npy format.

File Manager

Once a file is transferred to the local computer, a icon shows up next to the file.
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File Converter

The converted file is saved in the same folder as the original file.

Liquid Instruments File Converter has the following menu options:

Options Shortcut Description

File
¥  Open file Ctrl+O Select a .li file to convert
¥ Open folder Ctrl+Shift+O Select a folder to convert
¥ Exit Close the file converter window

Help
¥ Liquid Instruments website Access Liquid Instruments website
¥ Report anissue Report bug to Liquid Instruments
¥ About Show app version, check update, or license

information
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Power Supply

Moku:GoOpower supply is available on M1 and M2 models. M1 features acBannel power supply,
while M2 features a 4channel power supply. The power supply control window can be accessed in
all instruments under the main menu.

The power supply operates in two modes constant voltage (CV) or constant current (CC) mode.

For each channel, the user can set a current and voltage limit for the output. Once a load is
connected, the power supply operates either at the set current or set voltage, whichever comes
first. If the power supply is voltage limited, it operates in the CV mode. If the power supply is current
limited, it operates in the CC mode.

ID  Function Description

1 Channel name Identifies the power supply being controlled

2 Channel range Indicates thevoltage/current range of the channel

3 Set value Click the blue numbers to set the voltage and current limit

4 Readback numbers  Voltage and current readback from the power supply, the actual

Mode indicator

voltage and current being supplied to the external load
Indicates if the power supply is in CV (green) or CC (red) mode

6 On/Off Toggle Click to turn the power supply on and off
é/*% SI EL‘:’,C,:Z?;':,'CJQS'%’Z?SQE,ﬁm: +49 8105 77940 | info@si-gmbh.de | wwwsi-gmbh.de | Follow us on{f) [
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Ensure MokuGo is fully updated. For the latest information:

www.liquidinstruments.com
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Moku:Go User Manual

With MokuGoOs FIR Filter Builder, you can design and implement lowpass, highpass, bandpass, ¢
bandstop finite impulse response (FIR) filters with up to 14,819 coefficients at a sampling rate of
30.52 kHz, or 232 coefficients at a sampling rate up td8.906 MHz. MokuGoO&Vindows/MacOS
interface allows you to fine tune your filterOs response in the frequency and time domaiassuit

your specific application. Select between four freqency response shapes, five common impulse
responses, and up to eight window functions.
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Ensure MokuGo is fully updated. For the latest information:

www.liguidinstruments.com
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User Interface

ID Description
1 Main menu
2a Input configuration for Channel 1
2b Input configuration for Channel 2
3 Control matrix
4a Configurationfor FIR filter 1
4b Configuration for FIR filter 2
5a Output switch forFIR filterl
5b Output switch forFIR filter2
Enablethe data logger
Enablethe oscilloscope
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Main Menu

The main menu can be accessed by clickingthe iconin the top-left corner.

This menu provides the following options:

Options Shortcuts  Description
Save/recall settings:
¥ Save instrument state Ctrl+S Save the current instrument settings
¥ Load instrument state Ctrl+O Load last saved instrument settings
¥ Show current sate Show the current instrument settings
Reset instrument Ctrl+R Reset the instrument to itdefault state
Power supply Access power supply control windowr
File manager Open file manager tool*
File converter Open file converter took*
Help
¥ Liquid Instruments website Access Liquid Instruments website
Shortcuts list Ctrl+H Show Moku:Go app shortcuts list
¥ Manual F1 Access instrument manual
¥ Report anissue Report bug to Liquid Instruments
¥ About Show app version, check update, or license
information

*Power supply is available on Moku:GoM1 and M2 models. Detailed information about the powersupply can be found in Moku:Go
power supply manual.

**Detailed information about the file manager and fileconverter can be found at the end of this user manual.
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Input Configuration

The input configuration can be accessed by clickingthe or icon, allowing you to adjust
the coupling and input range for each input channel.

Details about the probe points can be found in theProbe Paints section.
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Control Matrix

The control matrix combines, rescales, and redistributes the input signalto the two independent
FIR filters The output vector is the product of the @ntrol matrix multiplied by the input vector.

"#$% # *
s esno NN G

#$% ,
where
"#$%E&) # - 0*- /'
"HE%' ) + - 0,- /'
For example, a control matrix oti‘ &( adds and Input 2 and routesto the top Pathl(FIR

Filter 3, multiplies Input 2 by a factor of two, and then routes it to the bottom Path2 (FIR Filter 2).

The value of each element in the control matrix can be set betweenr20 to +20 with 0.1 increments
when the absolute value is less than 10, or 1 incremewhen the absolute value is between 10 and
20. The value can be adjusted by clicking on the element.
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FIR Filter

The two independent, fully realtime configurable FIR filter paths follovthe control matrix in the
block diagram, represented ingreen and purple for filter 1 and 2, respectively.

User Interface

ID Parameter Description

1 Inputoffset Click to adjust the input offset {2.5 to +2.5 V)

2 Inputgain Click to adjust the input gain {40 to 40 dB)

3a Prefilter probe Click to enable/disable the prefilter probe point. See Probe Points
section for details.

3b Output probe Click to enable/disable the output probe point. SeeProbe Points
section for details.

4  FIR filter Click to open view and configure the FIR filtebuilder

5 Output gain Click to adjust the input gain {40 to 40 dB)

7  Output switch Click to zero the filter output

7  Output offset Click to adjust the input offset {2.5 to +2.5 V)

8 DAC switch Click to enable/disable MokuGoOs DAC output
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FIR FilterBuilder

Builder Interface

Click the

ID Parameter

icon to open the full FIR Filter Builder view.

Description

la Plot1
1b Plot 2

2 Plot set selection
Save & close
4  Sampling rate

5 Number of coefficients

6 Filter design

7 Window function

N

Si

Sl Scientific Instruments GmbH
Roemerstr. 67 | 82205 Gilching

Impulse responseplot

Step reponse plot

Click to select the set of plots to display in the plot area
Click to save and close the filter builder view

Adjust the sampling rate for the input. Slide between 30.52 kHz and
3.906 MHz. You may also use the scroll wheel on the slider to adjust
it.

Click the number to enter or slide the slider to adjust the number of
coefficients. You may also use the scroll wheel on the slider to
adjust it.

Configure the parameters for the FIR filter. Detailed information can
be found in a later section.

Click to select the window function
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Filter Characteristic Graphs

A set of two real-time filter characteristicplots can be shown at a time in the FIR filter buildeClick
the plot set selection buttons to select between Magnitude/phase, Impulse/step response, and
Group/phase delay plot sets. Click and drag the iconin the Magnitude/phase to adjust the
corner frequency in reatime.

Magnitude/ phase Impulse/step response Group/phase delay
Plot 1 Plot 2 Plot 1 Plot 2 Plot 1 Plot 2
X - axis Frequency (MHz) Time ( s) Frequency (MHz)
Y -axis | Gain (dB) Phase (j) Amplitude (V) Group/phase Delay ( s)

Magnitude/Phase plot set:
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Impulse/step reponse plot set:

Group/phase delay plot sets:
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Sampling Rate/Coefficients

The maximum number of coefficients depends on the chosen sampling ratéAvailable sampling
rates with their corresponding maximum numbes of coefficients are listed in the table below.

Sampling rate Maximum number of coefficients
30.52 kHz 14,819
61.04kHz 14,819
122.kHz 7,424
244.1kHz 3,712
488.3 kHz 1,856
976.6 kHz 928
1.953MHz 464
3.906 MHz 232
%;}(% SI gziri:zp;;?cé??t;‘;?ggtéﬁm2: +49 8105 77940 | info@si-gmbh.de | wwwisi-gmbh.de | Follow us on{{T) (€
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Design Domain

The FIR filter can be designed in either time or frequency domairin time domain designer, an
impulse response function builder is accessibleSeveral predefined functions are availableUsers
can alsoenter an equation with theequation editor or load their own set of coefficients with the
custom impulse response option. In frequency domain designer, a frequency response builder is
accessible. Lowpass, highpass, bandpassand bandstop filters are available withadjustable cutoff
frequencies.

Time Domain Designer

ID Parameter Description

1 Impulse shape Click to select the shape of the impulse response

2 Impulse width Click the number to enter or slide the slider to adjust the impulse
width

List of availableshapes

Shape Note

Rectangular

Sinc Width adjustable from 0.1 % to 100 %

Triangular

Gaussian Width adjustable from 0.1 % to 100 %

Equation Click the equation to open the equation editor. Details about
the equation editor can be found in thein the Equaion Editor
section.

Custom Details about the custom impulse response can be found in

Custom Impulse Response section

Sl Scientific Instruments GmbH
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Coefficient Quantization

Due to the limit of digitization depth, the quantization error ipronounced at certain FIR filter
settings. A redcoefficient quantization warningmay appear on the top-right corner of the plot, and
the actual response curve will be plotted in red.

Sl Scientific Instruments GmbH
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Equation Editor

¥ The equation editor allows you to define arbitrary mathematical functions for the impss
response.

¥ Select from a range of common mathem#tcal expressions including trigonometric,
guadratic, exponential and logarithmic functions

¥ The variablet represents time in the range from O to 1 periods of the total waveform

Access recently entered equations by pressing the icon

¥ The validity of the entered equation is indicated by the and icons that appear to the
right of the equation box

#
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Custom Impulse Response

The output of the FIR filter is a weighted sum of the most recent input values:

"#$
234) 5 +63/7&4

19%&
To specify a custom filter, you must supply a text file containing the filter coefficientsom your
computer that is connected toMoku:Go. The file can contain up to 14,819 coefficients separated by
commas or new lines. Each coefficient must be in the range 0.5, +2.5]. Internally, these are
represented as signed 25-bit fixed-point numbers, with 24 fractional bits. Filter coefficients can be
computed using signal processing toolboxes in MATLAB, SciPy, etc.

Some coefficients may result in overflow or underflow, which degrade filter performance. Filter
responses shouldbe checked prior to use.
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Frequency Domain Designer

ID Parameter Description
1 Cut-off cursor Click and hold to slide in the frequency axis
2 Impulse width Click to select the filter shape

List of available shapes

Shape Note
Lowpass Single adjustable cursor
Highpass Single adjustable cursor
Bandpass Two adjustable cursors
Bandstop Two adjustable cursors
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Probe Points

Moku:GoO$IR Filter Buildeihas an integrated oscilloscopeand data logger that can be used to
probe the signal at the input, preFIR filter and output stages. The probe points can be added by
clicking the icon.

Oscilloscope

ID Parameter Description

1 Input probe point Click to place the probe point at input

2 PreFIRprobe point  Click to place the probe before the FIR filter

3 Output probe point Click to place the probe at output

4 Oscilloscope/data Toggle between built-in oscilloscope or data logger

logger toggle

5 Oscilloscope Refer to Moku:GoO®scilloscope manualfor the details
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Data Logger

ID Parameter Description

1 Input probe point Click to place the probe point at input

2 PreFIR probe point  Click to place the probe before the FIR filter
3 Output probe point Click to place the probe at output
4

Oscilloscope/data Toggle between built-in oscilloscope or data logger
logger toggle

5 Data Logger Refer to the Moku:GoO®Data Logger manual for the detals
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Additional Tools

Moku:GoOs app has two builh file management tools file managerand file converter. The file
manager allows users to download the saved data from MakGoto a local computer, with optional

file format conversion. The file converter converts the Moku:GoOs binary (.li) format on the lloca
computer to either .csv, .mat, or .npy format.

File Manager

Once a file is transferred to the local computer, a icon shows up next to the file.
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File Converter

The converted file is saved in the same folder as the original file.

Liquid Instruments File Converter has the following menu options:

Options Shortcut Description

File
¥  Open file Ctrl+O Select a .lifile to convert
¥ Open folder Ctrl+Shift+O Select a folder to convert
¥ Exit Close the file converter window

Help
¥ Liquid Instruments website Access Liquid Instruments website
¥ Report anissue Report bug to Liquid Instruments
¥ About Show app version, check update, or license

information
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Power Supply

Moku:Go Power supply is available on M1 and M2 models. N&atures a 2-channel power supply,
while M2 features a 4channel power supply. The power supply control window ca be accessed in
all instruments under the main menu.

The power supply operates in two modes:constant voltage (CV) or constant current (CC) mode.
For each channel, the user can set a current and voltage limit for the output. Once a load is
connected, the power supply operates either at the set current or set voltage, whichever comes
first. If the power supply is voltage limited, it operates in the CV mode. If the power supply is cunie
limited, it operates in the CC mode.

ID  Function Description

1 Channel name Identifies the power supply being controlled

2 Channel range Indicates the voltage/current range of the channel

3 Set value Click the blue numbers to set the voltage and current limit

4 Readback numbers  Voltage and currentreadback from the power supply, the actual

Mode indicator

voltage and current being supplied to the external load
Indicates if the power supply is in CV (green) or CC (red) mode

6 On/Off Toggle Click to turn the power supply on and off
é/*% SI EL‘:’,C,:Z?;':,'CJQS'%’Z?SQE,ﬁm: +49 8105 77940 | info@si-gmbh.de | wwwsi-gmbh.de | Follow us on{f) [

22 | Moku:GoOSFIR Filter Builder User Manual © 2022 Liquid Instruments. All rights reserved.



Ensure Moku:Go is fully updated. For the latest information:

www.liguidinstruments.com
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