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Moku:Delta Hardware

Specifications

All specifications are typical, unless otherwise stated as measured.

Analog I/O

Analog inputs

Channels
Bandwidth (-3 dB)

Sampling rate

Resolution

Maximum voltage range
Absolute max input (damage)
Input impedance

Input coupling

AC coupling corner (-3 dB)

Input referred noise

Input Noise Vrms

8

2 GHz in 50 Q input (measured)'

1MHz into 1M Q input

5 GSa/s with 8 channels simultaneously
14 bits (high bandwidth) / 20 bits (low bandwidth)
40 Vpp into 1MQ; 10 Vpinto 50 Q

5.5 Vims

50 Q/1MQ

AC/DC

16 kHz into 50 Q

1.6 Hz into 1TMQ

10 nV/~/Hz @ 100 Hz
<10 nV/v/Hz > 2 MHz
<6 nV/+vHz >100 MHz

Measured with 100 mV input range, 50 Q
9.1 1V (2 MHz bandwidth)

33 Vv (20 MHz bandwidth)

74 1V (200 MHz bandwidth)

152 Vv (1 GHz bandwidth)

248 uV (2 GHz bandwidth)

Effective number of bits (ENOB) 10.8 bits
Connector SMA
Analog outputs

Channels 8
Maximum output frequency 2 GHz

Sampling rate
Resolution

13 dB from 100 MHz to 2 GHz

5 GSa/s per channel (10 GSa/s with interpolation)
14-bit
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Analog outputs

Output amplitude 1 Vpp range

Output amplitude 10 Vpp range
Output impedance
Output coupling

Connector

Digital input/outputs

DC to 200 MHz
200 MHz to 700 MHz
700MHz to 1.2GHz
1.2 GHz to 1.5 GHz
1.5 GHz to 2 GHz
DC to 100 MHz

50 Q)

DC

SMA

1Vpp/3.98 dBm
2 dBm
0 dBm
-2 dBm
-8 dBm
10 Vpp /24 dBm

Channels

Signal levels

Input impedance
High level input Vi
Low level input Vi
Output impedance
High level output Vo
Low level output Vor

Power supply pins

2 banks of 16 digital I/0, each independently configurable as input or

output

LVCMOS, 3.3V, inputs 5 V tolerant (supplied accessory required)

22 kQ)

Min 2 V, typical 3.3V, max 5.0 V

Min OV, max 0.8 V
100 Q

Min 2.4 V, typical 2.7 V at lon = 8 mA
Min 0.28 V, typical 0.4 V at lo. =8 mA

5Vupto1A;33VuptolA

Moku:Delta digital interface module
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Clock reference

Onboard clock

Stability

10 / 100 MHz reference input

+1ppb

Expected waveforms

Input frequency

Sine / square

10 MHz /100 MHz (selectable) + 20 kHz

Input range 300 mVpp to 2 Vpp
Input impedance 1kQ

Input coupling AC coupled
Connector BNC

10 / 100 MHz reference output

Waveform type Square

Output frequency 10 MHz /100 MHz switchable
Output level 0.7 Vep

Output impedance 500

Output coupling AC coupled

Connector BNC

GPS/GNSS reference

1PPS input amplitude TBD

1 PPS output waveform TBD

1 PPS output amplitude TBD

Connector

Storage

3 x SMA (Antenna, 1 PPS input, 1 PPS output)

Internal SSD drive

1TB
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General characteristics

General and environmental characteristics

Power consumption

Power voltage range

Temperature

Humidity

Operating Altitude
Other requirements
Pollution degree

Overvoltage category

Electromagnetic compliance

TBD W typical

Supplied external power adaptor 100 - 240 V™ £ 10%, 50/60 Hz

The power supply shall be plugged into a socket outlet with reliable
protective earthing contact.

Operating: 5 to +40 °C

Non-operating: -10 to +60 °C

Do not obstruct the cooling fan outlets. 20 cm ventilation clearance is
required.

R.H. 5% to 80% noncondensing
Up to 10,000 feet (3000 m)
Intended for indoor use only

2

OovCIll

FE CEE

IEC/EN 61326 -1 (Group 1, Class A, Immunity test requirement for basic electromagnetic environment)

CISPR 11

This equipment has been tested and found to comply with the limits for a Class A digital device, pursuant to part

15 of the FCC Rules. These limits are designed to provide reasonable protection against harmful interference
when the equipment is operated in a commercial environment. This equipment generates, uses, and can
radiate radio frequency energy and, if not installed and used in accordance with the instruction manual, may

cause harmful interference to radio communications. Operation of this equipment in a residential area is likely to

cause harmful interference in which case the user will be required to correct the interference at his own

expense.

Safety compliance

In line with IEC 61010 -1, AS61010 -1, UL61010 -1, CAN/CSA-C22.2 No. 61010 -1

Physical characteristics

Dimensions

Weight

Width: 440 mm (17.32 in.)
Depth: 371 mm (14.611in.)
Height: 87 mm (3.43in.)

Moku:Delta 11.2 kg (24.69 Ib)
External power supply 1.2 kg (2.645 Ib)
Total package 15.6 kg (34.30 Ib)
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Analog inputs 8 x SMA; tighten with 0.45 Nm torque wrench

Analog outputs 8 x SMA; tighten with 0.45 Nm torque wrench
Digital /0 2 banks of 16 digital I/O pins, LVDS
Network Ethernet (10/100/1000 Base-T) **
Optional, removeable Wi-Fi 802.11 b/g/n module
USB data port Type-C (front) & Type-A (rear) // for connecting to the Moku:Delta
External trigger input BNC, 1 MQ DC coupled, fixed 1V threshold

10 /100 MHz clock reference input  BNC
10 /100 MHz clock reference output BNC
GNSS module 3 x SMA (1 PPS in, 1 PPS out, antenna); hand tighten only

** Use shielded ethernet cable

USB-C Port Power ON/OFF 8 Analog Inputs

DIO Pins Status LEDs 8 Analog Outputs

2 USB-A Ports Trigger Reference Clocks

2 USB-C ports QSFP Port GNSS Module
2 SFP Ports Ethernet Ground

Moku Delta front and rear connectors
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Accessories

Rack mount brackets
Digital I/O adaptor (x2)
USB WiFi adapter
GPS patch antenna

Warnings and cautions

ltem Warning/caution

Front panel digital I/O module Take care when fastening the DIO retaining screws. Ensure the DIO
module is square to the Moku:Delta and the fastening screws are well
located. Do not apply undue force to the screws to avoid cross
threading

Front panel SMA connectors The front panel SMA connectors are small and delicate. To avoid
damage to the SMA connectors, do not connect rigid or protruding
components (e.qg. filters, attenuators). Only connect flexible SMA cables,
tighten with SMA torque wrench to 0.45 Nm

Front panel SMA connectors SMA connectors are precision components, and repeated plug/unplug
cycles gradually wear the threads and center contacts, even with correct
torque applied. We recommend adding adapters to act as sacrificial
interfaces, protecting the connectors on Moku:Delta.

Front panel SMA connectors We recommend keeping the SMA connectors clean and capped when
not in use to prevent dust or debris from entering the connector.
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Safety information

Safety

Manufacturer Liquid Instruments Pty Ltd, 243 Northbourne Avenue, Suite 1, Level 1,
Lyneham, ACT 2602, Australia

Cleaning Clean loose dust on exterior with lint-free, dry cloth.

Impairment If the equipment is used in @ manner not specified by the manufacturer,
the protection provided by the equipment may be impaired.

Power cable Do not use a mains power supply or cable, other than the one provided
by the manufacturer.
Please contact the manufacturer/representative office if a replacement
mains power supply or cable is needed.

Lifting and carrying The product is heavy. Use the product handles to move or carry the

product. Do not lift by the accessories mounted on the product.
Accessories are not designed to carry the weight of the product. To
move the product safely, consider a 2 person lift and/or use of an
equipment cart.

Caution: Consult accompanying documents

Warning: Risk of electric shock

v
<
3

o

o
(%2}

Direct Current

Functional earth

Ethernet

Do not torque

Input

Output

OIGIEEE
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Hardware measurements
ADC input noise

50 Q) // DC coupled // O dB attenuation

Acquisition mode: Precision

1”V_ T T T TITITIm T T UNLELRARE) T T T T ITTm

100 nV

10nVE

Linear Power Spectral Density [/V Hz]

1Hz 100 Hz 10 kHz

Frequency

1 MHz 100 MHz 2 GHz
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Compound Crosstalk (ADC-ADC & DAC-ADC)
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ADC3to
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ADC 4 to
ADCs Crosstalk
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[ ADC 5 to
ADCs Crosstalk
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ADC7to
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ADC 8 to
ADCs Crosstalk
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Analog output noise
One-tone spectral measurement 50 MHz, -6 dBm (10 Hz RBW, 10 kHz span)

Analog output one-tone spectral measurement, single-instrument mode
(50.00 MHz, -6 dBm, 10 Hz resolution bandwidth, 10 kHz span)
T T T T T T T

-40 |- -

Power (dBm)

-100 [~ -

120 1 1 1 1 1 1 1 1 1
49.995 49.996 49.997 49.998 49.999 50 50.001 50.002 50.003 50.004 50.005
Frequency (MHz)

One-tone spectral measurement 50 MHz, -6 dBm (100 kHz RBW, 500 MHz span)

Analog output one-tone spectral measurement, single-instrument mode

(50.00 MHz, -6 dBm, 100 kHz resolution bandwidth, 500 MHz span)
T T T T T T T

Power (dBm)

0 50 100 150 200 250 300 350 400 450 500
Frequency (MHz)
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One-tone spectral measurement 50 MHz, -6 dBm (100 kHz RBW, 2.5 GHz span)

Analog output one-tone spectral measurement, single-instrument mode

(50.00 MHz, -6 dBm, 100 kHz resolution bandwidth, 2.5 GHz span
T T T T

Power (dBm)

1 1 1 1
0 0.5 1 1.5 2 25
Frequency (GHz)

Analog output step response
Rise time (10 % to 90 %) and fall time (90 % to 10 %) of 1 Vpp output step, 10,000 averages.

Rise time
T

0.6

90%

Voltage (V)
- o o
(=] N £
T T

o
]
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10%

S
IS
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Analog output settling time
Settling time, 1 Vpp step, to within 1% of final level

Rise time

Rise time = 4.3 ns
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Moku:Delta Arbitrary
Waveform Generator

Description

Moku:Delta Arbitrary Waveform Generator can generate eight custom waveforms with up to 65,536 points each
and sample rates ranging from 312.5 MSa/s to 5 GSa/s. Waveforms can be loaded from a file or input as a piece-
wise mathematical function with up to 32 segments, enabling you to generate truly arbitrary waveforms. In burst
mode, waveform generation can be triggered from input channels with start or N-cycle modes. In pulsed mode,

waveforms can be output with more than 262,144 cycles of dead time between pulses.
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Features

1 Eightindependent AWG channels with up to 2 GHz bandwidth

Choose between preset waveforms, load points from a file, or input an equation directly
Phase synchronization output between the eight channels

Configure pulsed output with up to 262,144 cycles of dead time between pulses

= =4 =4
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Specifications

Common

Overview

Channels 8

Sampling rate 312.5 MSa/s, 625 MSals, 1.25 GSals, 2.5 GSa/s, 5 GSals

Source impedance 50Q

Output load 50 Q/1MQ

Waveforms Sine, Gaussian, Exponential Fall, Exponential Rise, Sinc, Equation, Cardiac,
Custom (from file)

Amplitude

Output voltage range

1Vpp at 5 GSals, 2.5 GSals, 1.25 GSa/s and 625 MSa/s
10 Vpp at 312.5 MSa/s; <= 100 MHz

Resolution 100 pVv

DC offset

Range (peak AC + DC) +5Vinto 50 O
110 V into high impedance

Resolution 100 pVv

Phase offset

Range 0° to 360°

Resolution 0.000 001°

Waveform

Custom

Maximum output rate 312.5 MSa/s 65,536 points
625 MSa/s 32,768 points
1.25 GSals 16,384 points
2.5 GSals 8,192 points
5 GSals 4,096 points

Text file type

File import options
Interpolation
Minimum edge time
Overshoot

Period range

Comma- or newline-delimited text
Clipboard, My Files, Desktop file
None, Linear

TBD

TBD

Tnsto1ks
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®

Moku:Delta Frequency Response
Analyzer

Description

Moku:Delta Frequency Response Analyzer enables you to measure the frequency response of a system in both
magnitude and phase using a swept sine output ranging from 10 mHz to 2 GHz with a noise floor as low as -135
dBm. Moku:Delta is equipped with eight inputs and eight outputs, enabling differential or ratio metric
measurements. Select up to 8192 points per sweep and configure settling and averaging times to balance total
sweep duration and signal-to-noise ratio.

Features

1 Linear or logarithmic swept sine output

1 Math channel to add, subtract, multiply, or divide response functions as they are acquired,
or calculate arbitrary complex-valued equations

9 Saturation detection and dynamic output amplitude control optimizes response detail

I Demodulate inputs up to the 15th harmonic
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