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1 About this guide
This document has been prepared to provide an overview of the use of Duetto as 

well as its proper maintenance and operation.  This document does not represent 
the entire source of information available to the user.  Other sources include user 
training and other technical documents.

This guide is intended for users of different degrees of knowledge and experience
with Duetto 

 Users:  The system users can learn how to operate and care for the unit
 Supervisors: The supervisors will learn how to maintain, calibrate, and 

manage resulting data.  

  



2 Introduction

2.1 Purpose

Duetto is a portable X-Ray Diffraction (XRD), X-Ray Fluorescence instrument for 
non-invasive analysis of materials.  Its primary application is the analysis of 
pigments in art objects, but it can be applied to the analysis of any fine grained 
crystalline material.

2.2 Scope

This user guide does not represent the complete collection of information 
regarding the proper and safe use of your Duetto XRD/XRF instrument.  The user 
must also consider relevant country, State, and local guidelines for the use of 
instruments which produce ionizing radiation.  The user is expected to contact their 
local radiation governing body to determine the rules, regulations and guidelines 
with respect to legal and safe operation of the Duetto XRD/XRF instrument. 



3 Safety

3.1 X-ray & Radiation Safety

Radiation is energy transmitted through space in the form of electromagnetic 
waves or energetic particles.   Electromagnetic radiation, like light or radio waves, 
has no mass or charge.  The following chart shows the electromagnetic spectrum. 

Radiation is a form of electromagnetic energy which has sufficient energy to 
remove electrons from atoms in materials through which the radiation passes.  This 
process is called ionization, and the high frequency electromagnetic waves and 
energetic particles that can produce ionizations are called ionizing radiations.  
Examples of ionizing radiation include: 
  

  alpha particle radiation 
  beta particle radiation 
  neutrons 
  gamma rays 
  x-rays 
 

Nonionizing radiations are not energetic enough to ionize atoms and interact with 
materials in ways that create different hazards than ionizing radiation.  Examples of 
nonionizing radiation include: 
  

  microwaves 
  visible light 
  radio waves 
  TV waves 
  ultraviolet light 



3.1.1 X-Ray Radiation 

     (diagram courtesy of the University of Michigan Student Chapter of the Health Physics
Society ) 

An x-ray is a packet (or photon) of electromagnetic radiation emitted from an 
atom, except that the x-ray is not emitted from the nucleus.  X-rays are produced as 
the result of changes in the positions of the electrons orbiting the nucleus, as the 
electrons shift to different energy levels. 

X-rays can be produced during the process of radioactive decay or as 
Bremsstrahlung radiation.  Bremsstrahlung radiation is x-rays produced when high-
energy electrons strike a target made of a heavy metal, such as tungsten or copper. 
As electrons collide with this material, some have their paths deflected by the 
nucleus of the metal atoms. This deflection results in the production of x-rays as the 
electrons lose energy.   This is the process by which an x-ray machine, including 
Duetto produces x-rays. 

Like gamma rays, x-rays are typically shielded using very dense materials such 
as lead or other dense metals.  X-rays particularly can present a hazard from 
exposures external to the body. 

3.1.2 Intensity 

For the purposes of radiation protection, it is not always useful to describe the 
potential hazard of a radioactive material in terms of its activity.  For instance, 1 
millicurie of tritium a centimeter from the body poses a much different hazard than 1 
millicurie of phosphorus-32 a centimeter from the body. 

Consequently, it is often preferable to measure radiation by describing the effect 
of that radiation on the materials through which it passes.  The three main quantities 
which describe radiation field intensity are shown in the following table: 
  



Quantity Unit What is measured Amount

Exposure
Roentgen R)  
Coulombs/kg

Amount of charge produced  
in 1 kg of air by x- or gamma 
rays

1 R = 2.58 x 10-4 
Cb/kg

Absorbed 
Dose

rad  
Gray (Gy)

Amount of energy absorbed 
in 1 gram of matter from 
radiation

1 rad = 100 
ergs*/gram  
1 Gy = 100 rad

Dose 
Equivalent

Rem  
Sievert (Sv)

Absorbed dose modified by 
the ability of the radiation to 
cause biological damage

rem = rad x Quality 
Factor  
1 Sv = 100 rem

* An erg is a unit of work. 
Coulombs/kilogram, the Gray, and the Sievert are the SI units for these quantities.

3.1.3 Scattered Radiation 

Radiation is scattered when the primary beam impinges on surfaces of 
collimators, samples, beam stops, or shielding. The intensity of the scattered 
radiation may be as high as 100 millirad per hour (several milligray per hour) near 
the collimator, but rarely exceeds 1 millirad (.01 milligray) per hour at the edge of the
instrument.  

3.1.4 Biological Effects of Radiation

We tend to think of biological effects of radiation in terms of their effect on living 
cells. For low levels of radiation exposure, the biological effects are so small they 
may not be detected. The body has repair mechanisms against damage induced by 
radiation as well as by chemical carcinogens. Consequently, biological effects of 
radiation on living cells may result in three outcomes: (1) injured or damaged cells 
repair themselves, resulting in no residual damage; (2) cells die, much like millions 
of body cells do every day, being replaced through normal biological processes; or 
(3) cells incorrectly repair themselves resulting in a biophysical change.

The associations between radiation exposure and the development of cancer are 
mostly based on populations exposed to relatively high levels of ionizing radiation 
(e.g., Japanese atomic bomb survivors, and recipients of selected diagnostic or 
therapeutic medical procedures). Cancers associated with high dose exposure 
(greater than 50,000 mrem) include leukemia, breast, bladder, colon, liver, lung, 
esophagus, ovarian, multiple myeloma, and stomach cancers. Department of Health
and Human Services literature also suggests a possible association between 
ionizing radiation exposure and prostate, nasal cavity/sinuses, pharyngeal and 
laryngeal, and pancreatic cancer. 

The period of time between radiation exposure and the detection of cancer is 
known as the latent period and can be many years. Those cancers that may develop
as a result of radiation exposure are indistinguishable from those that occur naturally
or as a result of exposure to other chemical carcinogens. Furthermore, National 
Cancer Institute literature indicates that other chemical and physical hazards and 
lifestyle factors (e.g., smoking, alcohol consumption, and diet) significantly contribute
to many of these same diseases.



Although radiation may cause cancers at high doses and high dose rates, 
currently there are no data to unequivocally establish the occurrence of cancer 
following exposure to low doses and dose rates -- below about 10,000 mrem (100 
mSv). Those people living in areas having high levels of background radiation -- 
above 1,000 mrem (10 mSv) per year-- such as Denver, Colorado have shown no 
adverse biological effects. 

Even so, the radiation protection community conservatively assumes that any 
amount of radiation may pose some risk for causing cancer and hereditary effect, 
and that the risk is higher for higher radiation exposures. A linear, no-threshold (LNT)
dose response relationship is used to describe the relationship between radiation 
dose and the occurrence of cancer. This dose-response model suggests that any 
increase in dose, no matter how small, results in an incremental increase in risk. The
LNT hypothesis is accepted by the NRC as a conservative model for determining 
radiation dose standards recognizing that the model may over estimate radiation 
risk.

High radiation doses tend to kill cells, while low doses tend to damage or alter the
genetic code (DNA) of irradiated cells. High doses can kill so many cells that tissues 
and organs are damaged immediately. This in turn may cause a rapid body 
response often called Acute Radiation Syndrome. The higher the radiation dose, the 
sooner the effects of radiation will appear, and the higher the probability of death. 
This syndrome was observed in many atomic bomb survivors in 1945 and 
emergency workers responding to the 1986 Chernobyl nuclear power plant accident.
Approximately 134 plant workers and firefighters battling the fire at the Chernobyl 
power plant received high radiation doses--80,000 to 1,600,000 mrem (800 to 
16,000 mSv)-- and suffered from acute radiation sickness. Of these, 28 died within 
the first three months from their radiation injuries. Two more patients died during the 
first days as a result of combined injuries from the fire and radiation.

Because radiation affects different people in different ways, it is not possible to 
indicate what dose is needed to be fatal. However, it is believed that 50% of a 
population would die within thirty days after receiving a dose to the whole body, over
a period ranging from a few minutes to a few hours, between 350,000 to 500,000 
mrem (3500 to 5000 mSv). This would vary depending on the health of the 
individuals before the exposure and the medical care received after the exposure. 
These doses expose the whole body to radiation in a very short period of time 
(minutes to hours). Similar exposure of only parts of the body will likely lead to more 
localized effects, such as skin burns. 

Conversely, low doses--less than 10,000 mrem (100 mSv)-- spread out over long 
periods of time (years to decades) don't cause an immediate problem to any body 
organ. The effects of low doses of radiation, if any, would occur at the level of the 
cell, and thus changes may not be observed for many years (usually 5-20 years) 
after exposure.

Genetic effects and the development of cancer are the primary health concerns 
attributed to radiation exposure. The likelihood of cancer occurring after radiation 
exposure is about five times greater than a genetic effect (e.g., increased still births, 
congenital abnormalities, infant mortality, childhood mortality, and decreased birth 
weight). Genetic effects are the result of a mutation produced in the reproductive 
cells of an exposed individual that are passed on to their offspring. These effects 
may appear in the exposed person's direct offspring, or may appear several 



generations later, depending on whether the altered genes are dominant or 
recessive. 

Although radiation-induced genetic effects have been observed in laboratory 
animals (given very high doses of radiation), no evidence of genetic effects has 
been observed among the children born to atomic bomb survivors from Hiroshima 
and Nagasaki.

The amount of radiation exposure allowable is defined by the international 
commission on radiological protection (ICRP).  These dose limits are shown below.  

3.1.5 Protection from Radiation Sources

The fundamental principle in radiation protection is that all radiation exposures 
should be maintained as low as reasonably achievable. This is referred to as the 
ALARA principle. The three key factors which influence an individual's radiation dose
from a given source are time, distance and shielding. Control of these factors, 
therefore, is the key to keeping radiation dose ALARA.

3.1.5.1 Time:
The most direct way to reduce radiation dose is to reduce the time spent working 

with or in the vicinity of radiation sources. If the exposure time is cut in half, the dose
will be reduced by the same fraction.

3.1.5.2 Distance:
Distance is one of the most effective means to reduce dose thanks to basic 

principles of geometry. When the working distance from a point radiation source is 
increased by a factor of two, the dose received from that source will be reduced by a
factor of four. This is referred to as the inverse square law, i.e., the radiation intensity
from a point source decreases with the square of the distance from the source. 

3.1.5.3 Shielding:
Shielding is any material used to reduce the intensity of radiation by absorbing or 

attenuating the radiation coming from the source. Nuclear gauges have a significant 
amount of shielding already built in to protect the operator.

3.1.6 Regulations applicable to x-ray machines including Duetto:  

Canada:  Prior to operation of your instrument, you must read, understand and 
comply with the regulations as detailed in the  HC Radiation Emitting Devices (RED)
regulation.  Details on the regulations relevant to analytical x-ray producing devices, 



such as Duetto can be found here: http://www.canlii.org/en/ca/laws/regu/crc-c-
1370/latest/crc-c-1370.html

US: Prior to operation of your instrument, you must read, understand and comply 
with the regulations as appropriate for your state.  Contact your state department of 
public heath, radiation protection for the specific guidelines associated with the 
operation of a “minimal threat” device such as Duetto product.

3.2 Safe use of Duetto XRD/XRF

Duetto uses an  X-ray tube that produces ionizing radiation up to 30keV at very 
low power (10W) compared to laboratory XRD instruments (>1 KW).  The system 
has been designed with internal X-ray shielding to protect the users and internale 
components. The combination of low power, miniature collimation, and efficient 
shielding makes it impossible to detect any radiation leakage out of the X-ray source
(and a fortiori out of the instrument). Do not, in any circumstance, open the system 
or disassemble or modify any internal components. Serious damage to the system 
and health hazard to the user could result from these actions.

Due to the non-destructive nature of Duetto, the system uses an open beam
geometry, meaning that radiation can comes out of the analytical port of the 
instrument if it in not properly positioned in front of a sample or equipped with
a sample holder during the analysis.  For this reason, ONLY properly trained 
personnel should be allowed to operate the instrument.  Users should ensure 
all safety precautions are taken in the use of the instrument.

Duetto uses a high voltage power supply which is capable of generating 30,000 
volts.  This high voltage is then used to accelerate electrons within a cobalt or 
Copper target X-ray tube and is positioned in the instrument head, along the X-ray 
tube.  The HVPS is always OFF unless an analysis has been started.  The highly 
accelerated electrons impact the anode target of the x-ray tube and transfer their 
energy to both the generation of heat and X-rays.  When X-rays are generated, the 
“X-ray on” LED lights will illuminate on the instrument head and on the control unit.  

Figure 1. X-ray ON LED

The X-rays exit the X-ray tube through a Beryllium window, and is then collimated
into a very small beam (~ 50 x 800 um cross section) for excitation of the sample.

http://www.canlii.org/en/ca/laws/regu/crc-c-1370/latest/crc-c-1370.html
http://www.canlii.org/en/ca/laws/regu/crc-c-1370/latest/crc-c-1370.html


Figure 2. Beam path of the X-ray out of the instrument:  The X-ray tube (red circle) emission is
shielded in all direction except a small cross-section X-ray beam exiting the instrument at 10deg.

A safety switch is provided on the head that disables the High Voltage and the X-
ray generation should an analysis be accidentally started.  The safety switch should 
remain on the “disable” position at all times except when starting an analysis after 
ensuring all personnel is at least 3m behind the system and an object (wall, 
samples) is placed in the beam.

Figure 3. Instrument head safety switch disables High-Voltage and X-ray generation for safety.  

Switch should remain on OFF until the instrument is ready for an analysis 
and all safety conditions have been met:

 The instrument is in position for analysis with an object or sample 
holder aligned in front of the instrument to block the direct beam.

 When analyzing thin objects such as canvas paintings, ensure no 
personnel can access the region of the direct beam.

 All personnel in the vicinity of the instrument have been instructed to 
leave the area or step away from the instrument by more than 3m.  



3.2.1 High voltage

For X-ray generation, Duetto uses a 30keV high voltage power-supply (HVPS).  A
permanent connection between the HVPS and the X-ray tube is made at the factory,
sealed and shielded, such that no high voltage connector could accidentally get 
loose or disconnected inside the 

system.  There is no high voltage risk to the user when using Duetto in normal 
conditions.  

Should you notice substantial damage to the outside of the instrument, or suspect
any internal damage after excessive shock, DO NOT turn on the instrument, return it
to the factory for full inspection and potential repairs.

3.2.2 Battery

When used in the field, a minimum of two (2) battery packs are required to power 
Duetto.  These battery packs are 12-cell smart SMBus Li Ion batteries.

Lithium Ion cells contain a tremendous amount of stored energy. They require 
protection to ensure that this energy is always delivered in a controlled manner. 
Smart batteries feature passive and active electronics with multiple levels of 
redundancy to ensure that the battery remains safe in all failure modes.  The System
Management Bus (SMBus) allows communication between the battery management
system inside Duetto or the external charging station and each battery pack. 

A Duetto battery pack contains < 8gm of Li, and complies with the UN T- tests 
criteria.

3.2.3 Handling

 Avoid shorting the battery
 Avoid exposing the battery to excessive shock or vibration
 Do not use modified chargers
 Do not use any battery that has been damaged in any way
 Do not immerse the battery in water
 Do not expose to, or dispose of, the battery in fire
 Do not disassemble or deform the battery
 Keep the battery out of the reach of children
 Always charge using specified chargers only

3.2.4 Storage

Duetto Lithium Ion battery packs can be stored from -20°C to +60°C at up to 80% 
relative humidity. However they are best stored below 20°C in a cool, dry, well-
ventilated facility free from corrosive gas or vapor. Storage at elevated temperatures 
(Above 45°C) may degrade battery performance and reduce battery life.  Storage at 
low temperatures may affect initial battery performance.

3.2.5 Shipping 

Duetto Li Ion battery packs contain < 8gm of Li and comply to UN Tests.  They are 
classified as not regulated & can be shipped as regular non-hazardous cargo.

If packed in boxes containing up to 12 battery packs, the box is required to have 
strong outer packaging with separation to prevent short circuits.



Packages containing more than 12 batteries must meet special packaging, 
marking, and documentation requirements.

US Postal Services regulation:
 Duetto batteries can be shipped air or ground.   
 The package may not contain more than 3 batteries.
 Batteries must be sealed, separated & cushioned to prevent short circuit.
 Packages must have complete delivery & return addresses.
 The outside of the package must be marked on the address side ‘‘Package 

Contains Lithium-ion Batteries (no lithium metal).’’
 Damaged or Recalled batteries may not be mailed

3.2.6 Airline transportation

ICAO Technical Instructions for Commercial Airline Carry-on & Checked baggage:
Carry-On: Batteries within the device + spare batteries allowed (qty unspecified)
Checked Baggage:  Batteries within the device allowed. Spare batteries prohibited

3.2.7 Battery disposal

Duetto batteries are classified by the US federal government as non-hazardous 
waste and are safe for disposal in the normal municipal waste stream.  These 
batteries contain recyclable materials, we recommend their disposal is done through
your regional battery recycling programs (charges may apply for these services.)  In 
North America contact the Rechargeable Battery Recycling Corporation (RBRC) at 
www.rbrc.org.  In Europe contact the European Portable Battery Association. 
(EPBA) www.epbaeurope.org.

http://www.rbrc.org/


4 Fundamentals of XRD

X-ray diffraction is a technique for investigating the fine structure of matter. It was 
discovered by Von Laue, in 1912, who observed that the manner in which a crystal diffracts 
X-rays can reveal its structure. In 1916, Debye and Scherrer proposed to use this technique 
on powder for the identification and quantification of crystalline compounds, and later 
developed the Debye-Scherrer X-ray diffraction camera. In the 1940’s, the technique 
became commonly used for phase identification with the publication of the “Powder 
Diffraction Files” database. Today, Xray diffraction is the prime technique for studying 
crystalline structure and identifying crystallized compounds on the basis of their structure.

Soft X-rays interact with matter in several ways, one of which being a coherent elastic 
scattering by electron shells of atoms. When solid matter is structurally organized in a 
crystal, the coherently scattered radiation emitted from periodically arranged atoms leads to 
constructive interference in specific directions and destructive interference in all others. As 
shown in the figures below, a constructive interference is consistent with the reflection of the
X-ray beam by a crystalline plane in a particular orientation condition determined by Bragg’s 
law, 2d.sinθ=nλ, with d the interplanar distance of the considered plane, λ the wave length of
the radiation, and θ the incident and reflected angles relative to the atomic plane.

Figure 4 Left: Bragg reflection by a single crystal; Right: polycrystalline sample exposed to a
parallel monochromatic X-ray beam; only a limited number of grains contribute to a given diffracted

beam.

Performing an XRD analysis consists of measuring the angles and intensities at which 
crystalline matter reflects X-rays. Each crystal structure has a set of possible reflections that
occur when the crystal is appropriately oriented in an X-ray beam. Measuring all possible 
reflections of a sample in an angular range allows determination of its crystalline structure or
identification of its nature on the basis of its structure.It is critical to the understanding of 
XRD to realize that diffraction occurs only under very specific conditions. Indeed, a given 
crystal placed in a monochromatic beam at any given orientation would most likely lead to 
no diffraction at all. A diffraction beam can be generated from this crystal only if its 
orientation in the beam is such that the Bragg condition is met for a type of plane of the 
lattice.



4.1  Powder XRD

The most commonly used crystallographic approach of XRD is powder diffraction (pXRD). 
The sample in pXRD is a powdered (polycrystalline) material, which is composed of many 
small crystallites that randomly assume all possible orientations with respect to the incident 
beam. As illustrated in the figure above -right, in a pXRD experiment a relatively small 
proportion of the grains contribute to a given diffracted beam. Higher numbers of randomly 
oriented grains exposed to the X-ray lead to better statistical representation for any given 
diffraction direction. This characteristics is refered to as “particle statistics”.

pXRD instruments require limited analytical volume to provide good resolution, so particle 
statistics are achieved using very fine grains typically less than a few 10’s of micrometers. 
Particle statistics becomes even more critical with miniature instruments due to the reduced 
size of their analytical volume. Conditions for good particle statistics vary depending on 
parameters such as the symmetries in the crystal lattice, the abundance of the phase in the 
sample or the geometry of the instrument. A general rule of thumb for powder XRD is that 
one needs in excess of 106 grains to provide appropriate particle statistics. Due to the small 
size of the analytical volume, this is achieved with Duetto when analyzing very fine particles 
(microns) that lead to continuous Debye rings when using static samples. Spotty rings are 
observed for grain sizes substantially above 10um (the term “spottiness” is often used to 
refer to insufficient particle statistics).  

Since Duetto is mostly used to analyze unprepared materials, some analyses will be 
performed with less than ideal grain size.  This can be evaluated by looking at the 2D XRD 
images produced by the instrument.  Smooth continuous diffraction rings are indicative of 
good particle statistics, while discrete spots are indicative of very coarse grains. 

When the grain size of the sample is not small enough to guarantee appropriate particle 
statistics, means of increasing the number of crystal orientations effectively analyzed must 
be applied. This is typically done by translating or rotating the sample in the beam to 
analyze a larger amount of material or explore more orientations of the same grains. Duetto 
can be fitted with an optional sample spinner to allow such improvement when analyzing 
powdered materials..



Figure 5. Sample spinner available as an option for Duetto.  Small samples are mounted on a disk
placed in slow rotation during the XRD analysis to improve particle statistics.  The spinner helps in 
the analysis of samples with grain sizes too large for static analysis.



5 System Overview 
Duetto is a portable XRD/XRF system designed specifically for non invasive 

analysis of works of art. Phase identification is obtained by comparing the diffraction 
signature of a sample with a database of XRD mineral patterns. The addition of XRF
allows easy screening during the phase identification process and can alleviate rare 
uncertainties. 

Using a low power X-ray source and energy dispersive 2D CCD detector, XRD 
and XRF data are obtained with no moving parts.  Single minerals or simple 
mixtures can typically be identified after just a few minutes of integration. 
Duetto is composed of 3 main components:

1. The analytical head which contains all the X-ray generation and detection 
hardware and the alignment/imaging system

1. The control unit with contains the embedded computer of the instrument, 
the power supplies, the communications hardware, etc

1. The mount (several options are possible, presented separately)
The analytical head is connected to the control unit by a cable bundle that must 

be installed prior to starting the instrument. 

Figure 6. Duetto analytical head (left) and control unit (right)

5.1 Key Specifications

- XRD resolution: 0.15-0.5° 2θ FWHM (peaks are sharper at lower angle)
- XRD range: 20-50° 2θ
- XRF resolution: 240 eV at 5.9 keV
- XRF range: 2.5 to 25 keV
- Detector type: 1024 x 256 pixels 2D Peltier-cooled CCD 
- X-ray target material: Cu (others available upon request)
- X-ray tube voltage: 30kV
- X-ray tube operation power: 10W
- Field autonomy: ~ 4hrs can be expanded by hot-swapping batteries
- Data Storage: 40 GBytes Solid State drive
- Wireless Connectivity: 802.11 B/G for remote control from web browser
- Operating Temperature: 0°C to 30°C



5.2 Analytical head

The analytical head hosts all X-ray emission and detection hardware as well as 
the alignment and imaging system.  The head was designed to minimize size and 
weight, all peripheral components not critical to the measurement are located in the 
case (computer, power supplies, etc). 

Figure 7. Duetto analytical head mounted on a tripod.

 
Figure 8. Canon G9 used for instrument alignment and high resolution object imaging.  

Figure 9. Safety switch and status LED



5.3 Control unit

Figure 10.  Control unit top panel.

The main controller has two LCD panel.   
A small LCD panel locate on the upper right of the panel provide battery status 

information.  It is always ON except when the instrument is turned OFF and batteries
are removed from the controller.

Figure 11. Battery status LCD

The main control panel is the LCD/key-pad assembly on the bottom right of the 
controller panel.  Menus and status messages are displayed on the LCD.  Arrows 
allow scrolling through the menus and options, a green “check” button that allows 
selection, and a red “X” button that stops functions.

Figure 12. Control LCD/keypad.  LED on the left show X-ray/HV status.  Red LED means X-ray
are generated.  A single amber LED is indicative of a disabled X-ray safety switch on the analytical

head. 



5.4 Power Sources:

Duetto has the ability to operate off of two separate power sources: Battery, and 
line power. The power supply can either be used for charging batteries in 

5.5 Connectors and Screen Information

Duetto is provided with two front panel screens:
 Multi-function display screen: This screen allows the operator to perform a 

number of functions as described below
 Battery charge/management display screen: This screen displays the current 

state of the internal batteries.

MENU LEVEL ONE MENU LEVEL TWO Comments
Start acquisition

Choose Mode

  *Default* Use default settings as 
described in Data 
acquisition section, page
29 of this guide

  Custom mode 1 Use “Custom mode 1” 
settings as described in
Data acquisition section, 
page 29 of this guide

  Custom mode 2 Use “Custom mode 2” 
settings as described in
Data acquisition section, 
page 29 of this guide

Shake

NOT USED….
X to quit

This feature is not active
with Duetto

Do USB Transfer

Choose Dataset Choose which dataset is
transferred to the USB 
memory stick (not 
included)

Shut Down Turns off Duetto.  Note 
this takes a few minutes as
the instrument slowly 
warms up the camera.  

Turn KEY OFF at the 
end of the cycle



5.6 Power ON/OFF

5.6.1 Power Up

All 3 cables from the control unit to the head must be connected before powering 
up the system.

Turn on the main power by turning the key clockwise.  The system boot will take a
few minutes.  The detector will automatically begin cooling to -45°C.  When the 
detector temperature stabilizes, a data acquisition menu will appear in the text 
display.

5.6.2 Power Down

Data acquisition can be interrupted at any time by pressing the red “X” key on the 
Multi function keypad control.

To turn off the system, select “shut down” from the main acquisition menu. Once 
the main LCD panel shows no message, turn the main key-switch off.  The battery 
LCD remains active even when the instrument is turned off.

For Emergency Procedure: Turn Off Main Power Switch.



6 Alignment and Imaging system

6.1 Canon G9 camera assembly

The Canon G9 camera is an integral part of the Duetto analytical head.  It is 
critical for aligning the system.  The system can also be used for high resolution 
imaging of the area analyzed under different lighting conditions.

Figure 13. Canon G9 camera assembly sequence (left to right, top to bottom): 1- G9 ready for
installation; 2-insert tube as shown; 3- turn tube to lock; 4-mount quick-release plate as show,

perpendicular to the camera; 5- position on the head and lock; 6-connect power cable and USB to
the computer.

6.2 Alignment of the camera.

The Canon G9 camera, in conjunction with the laser, is used for alignment of the 
instrument head relative to the object analyzed.  For this alignment method to be 
effective, the camera must first be aligned to the on the instrument head.   

This is obtained by installing the calibration plate on the head.  The locking thumb
screws are un-tightened and the camera fine position adjusted with the fine thread 
positioning screws.  During the process, the Canon camera image is viewed in PS-
remote.  The ideal position is when the trace of the laser coincided with the central 
vertical line of the display (grid). Once proper positioning is obtained, tighten the 
thumb screws and verify the laser trace centering.

This optical alignment must be done every time the camera is removed from its 
mount, and anytime one suspects the might have moved relative to the instrument 
head (transport, handling, etc)



Figure 14. Camera and calibration plate are installed on the head.

Figure 15. Canon camera adjustment screws and lock screws

6.3 Lighting system

The analytical head is fitted with a lighting system with several LEDs to control 
specific lighting conditions.  Two square LEDs produce visible light that at near 
normal incidence.  Two additional LEDs produce grazing incidence light to reveal the
surface texture.  These grazing LEDs can be powered together or separately.

The lighting board also host UV LEDs that emit at 365nm and are fitted with a 
low-pass filter to cut the visible portion of their emission (above 400nm).  The angle 
of emission of the UV LED is narrow, only the central portion of the image will be 
under good UV illumination.  The aim of the UV LEDs can be adjusted by gently 
bending the LED leads.  The phosphor screen used for X-ray alignment fluoresces 
also under UV illumination and can be used for this alignment once positioned in the
sample holder adjusted at the correct working distance.



Figure 16.  LED board with filtered UV LEDs on the left

Figure 17.  Phosphor screen under different lighting conditions: Top-left,:  normal white light, Top
right: grazing LED 1, bottom left: grazing 1+2, bottom right:  grazing 2



Figure 18.  Phosphor screen under UV light (both UV LEDs are turned on at the same time)

6.4 Laser / X-ray Alignment procedure

For the alignment of the instrument to be accurate, the X-ray beam and laser 
beam paths must cross over at the nominal sample plane defined by the calibration 
plate.  This alignment is done at the factory during the instrument assembly and is 
not adjustable by the user.  However, control of the proper alignment is possible 
using the procedure bellow.

11 place calibration plate on Duetto and align the imaging system as de-
scribed in § 6.2

11 position phosphor disk in sample holder, place on Duetto and image laser 
spot

11 adjust screws until laser spot is centered (i.e. phosphor screen in nominal 
sample plane)

11 turn off laser
11 Make an analysis mode in Duetto that has all default settings except for a 

long exposure time (like 100s)
11 Start an XRD analysis using this mode; this will turn on the X-ray source
11 Turn off all lights of the room, possibly cover the instrument with a black 

cloth
11 Collect an image with the Canon G9 using a high ISO setting (>400) and 

long exposure (15”)



Figure 19. Duetto factory alignment.  Top: laser trace on the phosphor screen; Bottom: X-ray spot
on the phosphor screen

6.5 Recommended Canon G9 settings

Set the camera mode in PSremote to Tv (speed priority, aperture set 
automatically) and zoom at 44mm (full optical zoom).  This should be the default 
settings.

When imaging laser or X-ray spots, a visible light image should first be collected 
to focus the camera, and the auto-focus should it is locked using the “AF lock” 
button in PS remote.

The settings bellow are recommendations for the different types of imaging.
Imaging type visible Laser alignment X-ray spot
Exp. time 1/100 to 1/10 1/2000 15”
ISO 100 100 400
LED ON ON OFF
Laser beam OFF ON OFF
X-ray OFF OFF ON
Ambient light Indif. Indif. DARK



6.6 Temperature, moisture and cleaning Duetto

6.6.1 Temperature and moisture ratings:

Duetto is designed to operate in a variety of temperature and moisture 
environments.  That said, the user should expect performance characteristic 
differences depending on the operating environment.  Specifically, battery life is 
dependent on operating temperature as Duetto consumes more power at higher 
ambient temperatures as it cools the CCD X-ray camera.  

Moisture ratings for Duetto are consistent with most electronic equipment and the 
user should expect to remain below 85% non-condensing for optimum performance. 

6.6.2 Cleaning the unit

Duetto does not require extensive maintenance.  Dust that could deposit on 
Duetto component surfaces can be wiped off with a soft cloth.  If stains must be 
removed, DO NOT use solvents (alcohol, acetone etc) to clean painted components 
as the paint would be damaged. Instead, use a mild window cleaner and a soft cloth 
(make a test in a corner to ensure the cleaner will not damage the paint).

If the instrument has been operated in dusty environment, the cooling fan vent 
filter of the control unit can be replaced by removing the vent cover (turn counter 
clockwise) and removing the entire filter cartridge.  Replace with part number 94005 
“replacement filter cartridge”.



7 Data acquisition
This section details how the user is to acquire data, set acquisition parameters, 

view and save the resulting analysis data.

7.1 Default Settings

Duetto uses settings, a series of parameters to control the data acquisition and 
display.  These settings are set at the factory during manufacturing and should not 
need to be changed, unless the analyst chooses to alter the experiment.  Below is a 
description of each of these default settings. Should the user wish to create a 
custom analysis mode, this is accomplished by creating a custom mode, as 
explained in 7.2.

Parameter name

Value
(example)

CoKaPeak: 
Co K peak in camera bin; number used for energy calibration

XRFBins: Number of XRF bins in the XRF histogram

axisX: 
Column of CCD that direct X-ray beam would strike

axisY: 
Row of CCD that direct X-ray beam would strike

axisZ: 
Distance from the sample to the CCD, in pixels; a pixel is 26m

cameraGain: 
1

Internal gain of the camera

cameraSetpoint: 
-45

Temperature (Celsius) that camera is cooled to

cosmicThreshold: 
100

If a bgk pixel is above this value, Duetto does not count it when collecting background

coverageThreshold: 
10

Integrate if there are more than this number of pixels in a 2 bin

exposureTime: 
10

Exposure time for a single acquisition frame

exposures: 
1000

Number of exposures in an acquisition

fanIntercept: 
30

Internal temperature when fan starts to operation (C)

fanSlope: 
%/deg-C; intensity of fan speed

hBin: 
1

See below for details

highAngle: 
50

Upper limit in 2 used for the 2D to 1D transformation

highKa: 
563

Upper threshold for cobalt K photons

highPiezoFreq: 
1675

Upper bound for the piezo resonance search window

kBFilterIn: 
1

1= in, 0= filter removed (this requires a removable filter– standard on Duetto)



lowAngle: 
5

The lower limit in 2 used for the 2D to 1D integration

lowKa: 
523

Lower threshold (in bin numbers) for the Co K peak

lowKb: 
590

Lower threshold (in bin numbers) for the Co KB peak

lowPiezoFreq: 
1575

Upper bound for the piezo resonance search window

multiRuns: 
1

Increments sample name (see below for details)

piezoVolume: 
100

Control of the intensity (0-255) of the sample shaking (NOT USED IN DUETTO)

plotEnergy: 
1

See below for details

plotFilm: 
1

See below for details

sensorAngle1: 55
Angle of the CCD relative to the direct beam

sensorAngle2: 
0

Angle of the CCD relative to the direct beam

sensorAngle3: 
0

Angle of the CCD relative to the direct beam

splitThreshold: 
3

stepsize
0.05

Step size used in the XRD 2D to 1D conversion

tubeOverTemp: 
50

Tube shut off temp (C) (thermal protection)

tubeTempHyst: 
48

Tube turn on temp (C) after thermal protection shutting

vBin: 
1

See below for details

plotEnergy: If set to "1", the XRF spectrum is 
displayed with energy for x- axis. For this to 
work, the value of CuKaPeak must be 
specified correctly. 

If set to "0", the x-axis of the XRF is in DN
(digital number).

plotFilm: If set to "1", the XRD plot is generated 
from Film mode data, meaning no energy 
discrimination is done.

 If it is set to "0", only photons with energy
in the K-Alpha window defined by lowKa and
highKa are used to generate the XRD 
pattern.

multiRuns: This parameter allows multiple 
acquisitions to be done automatically. The 
series number will be appended to the 
acquisition name given. For example, if this 
parameter is set to 3, and the acquisition 
name is "Test", three acquisitions will run in 



sequence. The names of these acquisitions 
will appear as Test-01, Test-02, and Test-03.

hBin, vBin This is the numbers correspond to 
horizontal and vertical binning of CCD pixels.
Valid values for this parameter are 1, 2, 4, 
and 8. 

1 for both hBin and vBin result in no 
binning, this is the recommend setting.

A new background image must be 
collected after changing this parameters.

7.2 Modes of Analysis – creating and using

Following on from the “default” modes, Duetto is able to store and use custom 
modes of analysis.  This allows the user to modify the default settings to create an 
analytical parameter set uniquely designed for the application at hand.  By example, 
the signal to noise ratio improves with the summation of additional scans.  
Therefore, complex materials, or those with anticipated low concentrations of a 
given phase would benefit by having a relatively high number of acquisitions scans.  
In this example, we create a customer mode, called “newmode1” in which we accept
all default conditions except the number of acquisitions scans or exposures.  
“newmode1” is set to acquire 500 exposures.  

Figure 20: Creating a new mode of analysis



Figure 21: "newmode1" has 500 exposures

Figure 22: Save the new mode

7.3 Viewing the data

Duetto operates through a wireless connection.  To establish this connection 
requires a personal computer with a compliant 802.11 b/g/n connection.  When 
operational, Duetto will broadcast an unsecured network identified by the serial 
number of the unit.  By example, if the serial number of Duetto is “002”, then Duetto 
will broadcast on a network identified as “Duetto-002”.

Once located, connect to this network using the standard wireless protocol 
provided with your personal computer.  As an unsecured network, Duetto will not 
require a password to connect.  

To access the embedded software within Duetto, initiated a web browser of your 
choice (e.g. Microsoft Internet Explorer, Google Chrome, etc).  Point the web 
browser to the IP address: 192.168.0.222 (see Figure 23: Connecting to embedded 
Duetto software).  This will access the internal web server within Duetto and initiates
connection with the embedded software.  



At this point, you will be able to access several different work areas or “tabs”.  
These are as follows:

Status: Displays real time 
information from internal control of 
Duetto.  Also allows for software 
control of acquisition.  Use the “play” 
icon to initiate an analysis and the 
“stop” icon to end the acquisition 
sequence.

Data: XRD: Displays the present 
XRD two-theta scan, or 
diffractogram.  Note that the screen 
will update with each new “scan” or 
acquisition.  The screen markers are 
reference markers for standard 
reference samples.

Data: XRF: Displays the present 
XRF spectrum calibrated in KeV.  
Routine element markers are 
identified on the display. This screen 
will also update with each new 
acquisition.

Data: Files: This allows the user to
download result files from Duetto to 
the personal computer.  In this 
manner, the user is able to store 
these files for processing. (see
Saving the data for file structure of 
each file type).



Figure 23: Connecting to embedded Duetto software

Point browser to http://192.168.0.222

7.4 Saving the data

Once an acquisition is complete, the user is able to transfer the internal result 
files from Duetto to a personal computer.  This is a necessary step if the end goal is 
to process the resultant diffractogram through a pattern matching software program. 
Three different file types are provided with the XRD data: *.TXT, *.MDI and *. TIF.  
*.TIF files contain the 2D pattern image, such as show in XXXXX.  *.MDI contains 
the XRD data specific for import into Materials Data Inc “Jade” pattern matching 
software.  *.TXT contains a generic form of the XRD data suitable for import into 
most available pattern matching software.  A complete list of the file types and uses 
are identified below:

File name Definition Uses
nn-bg.TIF Image file of the 

camera background
Use with image 

processing software to 
subtract from nn-film.TIF

nn-film.mdi XRD two-theta scan 
data specific for import 
into “Jade”

For use with Materials 
Data Inc. “Jade” pattern 
matching software

nn-film.TIF Image file for sample 
data

Use to determine 
preferred orientation or 
inadequate sample 
statistics.

nn-film.TXT Generic XRD two theta Use with most XRD 



scan data. pattern matching software 
programs

nn-ka.mdi XRD two-theta scan 
data specific for import 
into “Jade”, with Ka1 
Cobalt Siegbahn line 
stripped from spectrum.

For use with Materials 
Data Inc. “Jade” pattern 
matching software

nn-ka.TIF Image file for sample 
data, with Ka1 Cobalt 
Siegbahn line stripped 
from spectrum.

Use to determine 
preferred orientation or 
inadequate sample 
statistics.

nn-ka.TXT Generic XRD two theta 
scan data, with Ka1 
Cobalt Siegbahn line 
stripped from spectrum.

Use with most XRD 
pattern matching software 
programs.

nn-thresh.TIF Image file of threshold 
data as set by mode of 
analysis and/or default 
setting

Use to determine what is
being discriminated by 
threshold settings

nn-thresh.TXT file of threshold data as 
set by mode of analysis 
and/or default setting

Use to determine what is
being discriminated by 
threshold settings

nn-xrf.TXT Contains XRF intensity 
data by energy level

Use for XRF qualitative 
and quantitative 
processing.

Plot.gnuplot Used by graphical user 
interface

Not used by user



8 Duetto mounting and options
The instrument head can be used with no special mount when a small sample is 

installed on a sample-holder bolted to the instrument face (fixed sample holder, 
sample spinner).  In this situation the instrument is simply placed on a bench and 
oriented in such way that no-one could be accidentally exposed to the X-ray beam.

For any situation when a larger sample is analyzed, Duetto must be used in 
conjunction with a mount.

8.1 Duetto quick release mount

The Duetto head is fitted with a Manfrotto 410PL Quick release plate on the 
underside.  This plate mates with a quick release adapter Manfrotto 394.  Should a 
Duetto user wish do develop a custom mount, this quick release adapter can be 
purchased to interface with Duetto.

  
Figure 24. Duetto quick mount is based on the Manfrotto 394 quick release adapter available from

any professional camera store. 

The installation and removal of Duetto on/from the quick release adapter is better 
done with 2 people at the beginning, though with training one person can easily 
handle the operation.

The installation of the instrument head is done as followed:
1. ensure the quick release adapter is armed in open position 
2. Holding the instrument head with the side handles, position the quick-

release plate of the head in the adapter plate at an angle (Right side of 
Duetto pointing down when operator is on the connector side)

3.  Lower the left side of Duetto until the quick-release arm is triggered and 
springs in closed position.

4. Secure the connection by applying pressure.

Removal of the instrument head is as followed:
1. Ensure the instrument has been moved away from the sample analyzed
2. one person holds the instrument head with two hands using the side 

handles



3. another person presses the lock button of the quick-release handle and 
moves the handle back until it locks in open position

4. remove from the mount

8.2 XYZ-2T stage

A special stage is available for Duetto that allows precise positioning of the 
instrument head on a sample.  The unit provides 3 precise translations with 50mm
displacement, and two tilts (rotations) up to +/- 15° to adjust the head parallel to 
the surface to be analyzed.
The XYZ-2T is designed to be mounted on the tripod, the benchtop mount, or the 
scaffolding mount.
Each tilt (rotation) is equipped with a continuous adjustment screw and a lock.  
For best stability of the instrument, ensure that the tilt stages are locked during an
analysis.

Figure 25.  XTZ-2T stage for precise positioning of the Duetto instrument head.

8.3 Benchtop stand

A benchtop stand is available for using Duetto in the laboratory.  It is particularly 
convenient when analyzing flat or 3D objects of limited size that can be transported 
to the laboratory.

The benchtop mount is composed of a large aluminum base, a vertical post, a 
double horizontal arm, and an adapter clamp to which the XYZ-2T is installed.



Figure 26. Benchtop stand.  Top: components included in the kit; bottom: stand with XYZ2T and 
Duetto head installed



    

  
Figure 27. Benchtop stand assembly: 1 vertical post is bolted to the adapter late (top left), 2 

adapter is bolted to the base(top right), and XYZ-2T clamp adapter is tightened on the lower arm 
(bottom left) and XYZ-2T is bolted to the adapter with 4 M6 thumb screws (bottom right).

The base has an array of M6 holes on a 25x25 mm grid.  These holes can be 
used to mount fixtures to hold 3D objects.  The user can customize to her/his own 
specification using optomechanical components from vendors like Newport, 
Thorlabs, and others.

8.4 Tripod

A tripod assembly is available to deploy Duetto insitu. The system is adjustable 
for a wide range of configurations and orientations.   The tripod kit is provided in a
tubular rolling case for easy transportation. 

 
Figure 28. The tripod assembly includes a sturdy tripod, an adjustable arm with rotating end, and

two additional legs for increased stability. Here show with XYZ-2T and Duetto head,



 
Figure 29.  Duetto mounted on a tripod with XYZ-2T stage for analysis of horizontal surface.

Weights such as sand bags used here provide improved stability.

8.5 Scaffolding mount

A scaffolding mount is available to install Duetto on a scaffolding structure such 
as used for restoration of mural paintings. The mount consists in a frame that can 
easily be adjusted to fit different configurations. The mount clamps onto two 
parallel scaffolding tubes, either vertical or horizontal, that can be up to 3m apart. 
The clamps provided with the mount are compatible with 48-50mm scaffolding 
tubes. 

   
Figure 30. Scafolding mount kit (right) and assembled with XYZ-2T stage installed (left)

The kit is composed of several types of square aluminum tubes (Bosh 45mm 
extrusion profiles) labeled A to H.  The entire kit is provided in a tubular transport 
case.

8.5.1 Subframe assembly.

The subframe is a rigid structure that will hold the XYZ-2T stage. Being relatively 
compact, it could be kept assembled for faster installation.
Installation is as follow:



  
Figure 31. build the vertical frame with tubes A (vertical) and B (horizontal)

Figure 32. Add shelf using 3rd tube B and tubes C

 
Figure 33. Add diagonal tubes D fitted with angle connectors



 
Figure 34. Attach lower tube E on shelf using gussets; install vertical tubes F and upper tube E 

with XYZ-2T adapter.

 

 
Figure 35. The reach of the instrument head can be adjusted by loosening the connectors of the F

tubes and moving the upper E tube.



8.5.2 Assembly of attachment bars

Figure 36.  Assembled each pair of G tube to obtain the desired length (scaffolding tube spacing).
A number of screw holes is provided for different configurations (longer or shorter overlap of G

tubes). For widest setting, G tubes can be placed in-line, mounted directly to the subframe B tubes
(horizontal configuration) or A tubes (vertical configuration).

  
Figure 37.  Install H tubes on G tubes, and install clamps. Note that the clamps can be either

mounted to the side of the H tubes (as shown here) of at the end of the H tubes (use M12 screw)



Figure 38. Two pairs of G tubes with H tubes and clamps. Bolt this two assemblies to the
subframe using screw and T-nuts.  This mounting can be done using either the holes in the B tubes,

or holes in the G tubes.

8.6 Sample spinner 

The sample spinner show in Figure 5 is an accessory for the Duetto instrument 
that allows analyzing sample solid or powdered samples when grain sizes are 
larger than ideal.  
The spinner is held on a bracket bolted to the instrument head.  The 

 
Figure 39. Sample spinner.  Left: spinner assembly and mounting bracket; Right: spinner has a
precision positioning stage and magnetic ball sample mount to adjust the sample/instrument

parallelism.

8.6.1 installation and alignment

Ensure the Duetto imaging camera has been properly aligned as described in 6.2.
Install the bracket on the Duetto instrument head as shown in Figure 40.



Install a flat sample with a textured surface on the spinner following the procedure
of 8.6.2 and power the spinner.  

Image the sample surface using the Duetto camera and PSremote view finder. By
observing features on the textured surface of the sample, estimate the position of 
the center of rotation of the spinner. Collecting a still image with slow exposure (with 
LEDs off) can help locating the center of rotation using the motion blur of features 
distant from the center.  Prior to alignment, the relative positions of the center of 
rotation and the laser will be similar to the configuration shown in Figure 41.

The alignment of the spinner assembly can be adjusted left/right and up/down as 
shown in Figure 42.  The recommended alignment result is shown in Figure 43 A.
Figure 43 B shows an alternative alignment that offers more surface area coverage 
(i.e. increased particle statistics improvement) but also increased sensitivity to 
surface roughness, irregularities, or poor parallelism (i.e. laser moving during a 
rotation of the sample).

.  

Figure 40. Installation of mounting bracket. 1: position brackets and install all screws, making sure
not to cross-thread the screws into the head – keep screws loose; 2: tighten counter-sunk screws on

left side; 3: tighten counter-bore screws on bottom.



Figure 41. Imaging of the sample rotation vs the laser prior to alignment.  Pink: area swept by the 
laser (and X-ray beam if an analysis is performed)

Figure 42. Alignment of the spinner assembly:  loosen screws and slide left/right for lateral
adjustment; insert/remove shim between mounting plate and stage for up/down adjustment.



Figure 43. Two options for spinner alignment:  A: smallest possible swept area; B: increased 
swept area.

8.6.2 Sample alignment

Follow mounting procedure shown in Figure 44.   Choose the number of spacers 
B required to have a distance from surface analyzed to flat surface of the C adapter 
as close as possible to **mm.  This places the surface analyzed in the center of 
rotation of the spherical joint of C and limits the up/down or left/right drift of the 
sample when the parallelism of the sample is adjusted.

Turn the laser ON and adjust the sample position (linear stage) until the laser is is
centered.  Manually adjust the sample left/right and up/down to place the area of 
interest on the laser trace.

Adjust the parallelism of the surface such that the laser trace remains as still and 
vertical as possible during an entire rotation.

Figure 44. Sample support assembly; 1 - sample is placed on plate A (glued, taped, …);  2 – the
desired number of spacers B are placed under the plate A; 3- the AB stack in placed on flat surface of

ball adapter C; 4 – the ABC stack is placed in the spherical adapter of the spinner.



APPENDIX

DETAILED INSTRUCTION ON HOW TO SET UP DUETTO

This  description  may  be  over  detailed.  Consider  it  as  a  checklist  for  seldom  use  of  the
instrument.

1) Remove the tripod from the case and set it up. Insert the boom and fasten it well using
the two clamps.   Make sure that two legs of the tripod are located in the direction of the
sample. This will guarantee a better stability.  If one leg only is pointing to the sample,
reverse the direction of insertion of the boom into the clamp.

2) Decide  if  the  measure  will  be  horizontal  (on  a  table)  or  vertical  (mural  painting)  or
inclined (painting on  an easel)  (see  Figure 28 and  Figure  29).   Turn  the  round the
rotating boon extension in the proper orientation and insert the safety pin (white metal) in
the appropriate  hole. These holes are 10˚ apart so that with the micro adjustment in the
XYZ stand, every angle can be reached. 

3) Attach one of  the monopods using one of  the mounting holes on the boom rotation
platform. Tighten it it well. Add a counterweight on the other side of the boom (such as
the sand bag in Figure 29-left) and/or the tripod read leg. Tighten all clamps. The tripod
should be very stable and not tip over it you push down at the tip of the boom.

4) Attach  the  XYZ tilts  plateform by  screwing  it  to  the  boom extension  using  the  four
thumbscrews. Tighten them by hand firmly.

5) Attach the second monopod and check again for stability.  

6) SAFETY NOTE:  It  is  critical  that  the  stability  of  the mount  is  tested BEFORE
installing the Duetto head.  The head adds ~7kg at the tip of the boom and can
easily unbalance a tripod no properly secured, which could result in damage to
the instrument and/or the object or injury.

7) In horizontal  mode, evaluate the height  of  the sample and change the length of  the
tripod’s legs so that the lower part of Duetto’s head is no more than 2 cm higher than the
sample. For better stability, it is better not to use the height adjustment of the tripod for
large up and down movements. The crank can be used instead for minor adjustments.
The Z knob on the XYZ movements will  take care of  the micro final  adjustments to
position Duetto’s head at exactly 2 mm distance from the object, as requested by the
diffraction geometry.

8) Mount the calibration plate to check the position of the camera (see section  6.2). This
operation is easier to do with the head on the table. Notice that the camera may easily
move when shipping the instrument. Therefore, this check is highly recommended, even
though the last time that Duetto was used everything was in proper order.

9) Connect the cables to the head and to the controller. Labels help in doing this, but the
smaller cable (USB) has a different connector on the two ends so that the cables cannot
be misplaced.

10) Connect the Canon camera to the computer with the long USB cable.



11) Turn on the main switch on the controller. Wait for the READY TO MEASURE sign on the
optical display. This appears when the temperature of the detector reaches -45˚.

12) Turn on the computer and connect the Wi-Fi “DUETTO-179”.  Open a web-browser and
enter  192.168.0.222 in the URL.  The same connection can be also established using
any wifi-enabled  phone or tablet.

13) Turn on the light switches and the laser from the controller.

14) From the  computer  activate  PSremote  program.  Manually  turn  on  the  camera.  After
getting  the  BREEZE  SYSTEM  image  (the  camera  is  now  connected)  open  Live
viewfinder. Adjust the camera zoom by moving with the mouse the scroll on the left top
side of PSremote display.

15) You  should  see  a  thick  marker  dark  line  on  the  quartz  plate  (which  gives  only  an
approximate center),  the  laser  red  image and the cross-hair.  If  the  cross-hair  is  not
showing, go to VIEW in PSremote menu and set 2 lines both for horizontal and vertical
display.

16) If the laser line is not positioned exactly on the vertical line of the cross-hair, you need to
adjust  the  camera  position.  For  this,  unscrew  the  two  thumbscrews  just  under  the
camera.  Rotate  the  wheel  checking  the  movement  of  the  laser  image  and  make  it
coincide  exactly  with  the  vertical  cross-hair.  Check this  position  using  the  maximum
zoom of the camera, since this adjustment will establish the exact distance of the head
from the object, and, if not correct, will change the position of the peaks.

17) Tighten  the thumbscrews holding the camera platform, and check again for alignment.
The camera is now adjusted. 

18) It may be wise to check the calibration by running the quartz sample from the calibration
plate and make sure that the quartz peaks are in the expected position. If so, remove the
DUETTO-179 calibration plate.

19) Since now the head has to be moved in order to be attached to the XYZ movement
device, it is wiser to turn off the power from the controller, to avoid that a cable could
accidentally be detached when still powered. DO NOT simply turn the main key switch,
but use the arrows to move the controller LCD to SWITCH OFF, to give time to the
cooling system to adjust  to  the room temperature.  turn off  the main key when LCD
screen instructs you to do so or when it's blank (once the shut-off cycle is complete).

20) Attach the head to the tripod. In doing this be careful that the extra weight does not
unbalance the tripod,  with  risk  of  falling down.  This  may happen if  the boom is  too
extended in the direction of the object. It is generally good practice to move the boom in
the opposite direction as much as possible, so that the weight will be closer to the center
of mass of  the tripod.

21)  Without the object in position to avoid the risk of accident, position the whole system on
the point where presumably the object will be, paying attraction that the base of the head
is about 2 cm higher that the object. Before doing this, make sure that the Z movement is
almost  at  its  higher  position,  thus  ensuring  the  possibility  to  lower  it  down  of  the
maximum extent.



22) It  is  recommended  you  keep  the  laser  ON and  the  camera  running  to  monitor  the
alignment during an analysis.  If the laser line drifts away from its nominal position, check
the stability of the mounting.  If the instrument head drifts during an analysis, the XRD
resolution will be degraded and the spot analyzed will move sideways.

23) SAFETY SWITCH:  Turn the safety key switch on the head to enable the X-ray
output ONLY when you are ready to start an analysis.   Turn key OFF immediately
after  the analysis is  finished.   This will  protect  you and other  personnel  from
accidental exposure.

A FEW TIPS FOR POSITIONING DUETTO ON THE OBJECT

 In PSremote select a lower zoom. A circular image will appear (due to the field of view
crop of the macro-adapter lens). Move the zoom arrow to the right so that the circle will
be disappearing, but a large part of the object surface is still visible. 

 If  the object  has detailed features,  one can easily  position the analysis point  on the
desired spot. If on the other hand the desired spot is located in an almost uniform field, a
good trick is to cut a small harrow of white paper and position it with the tip pointing to
the analysis spot. Once the harrow is found, one can move the XY to follow it and reach
the goal.

 Checking well that no parts of the head touchs the object (even in point distant from the
spot analysis) lower down the head using the Z knob, still having the zoom in PSremote
on low level (arrow toward the left. Once the laser image appears from the left of the
screen, gradually increase the zoom level. The final adjustment should always be done
with the maximum zoom (harrow completely to the right).  

 Taking pictures of the point analysis. Duetto takes very good pictures and it is advisable
to use this feature but at lower zoom, to have an idea of the surroundings of the analysis
spot,  and at higher magnification. For following use in reports it  is  advisable to take
pictures without the laser line.

 Always come back to the full optical zoom of the camera for fine positioning using the
laser.
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	4 Fundamentals of XRD
	X-ray diffraction is a technique for investigating the fine structure of matter. It was discovered by Von Laue, in 1912, who observed that the manner in which a crystal diffracts X-rays can reveal its structure. In 1916, Debye and Scherrer proposed to use this technique on powder for the identification and quantification of crystalline compounds, and later developed the Debye-Scherrer X-ray diffraction camera. In the 1940’s, the technique became commonly used for phase identification with the publication of the “Powder Diffraction Files” database. Today, Xray diffraction is the prime technique for studying crystalline structure and identifying crystallized compounds on the basis of their structure.
	Soft X-rays interact with matter in several ways, one of which being a coherent elastic scattering by electron shells of atoms. When solid matter is structurally organized in a crystal, the coherently scattered radiation emitted from periodically arranged atoms leads to constructive interference in specific directions and destructive interference in all others. As shown in the figures below, a constructive interference is consistent with the reflection of the X-ray beam by a crystalline plane in a particular orientation condition determined by Bragg’s law, 2d.sinθ=nλ, with d the interplanar distance of the considered plane, λ the wave length of the radiation, and θ the incident and reflected angles relative to the atomic plane.
	Performing an XRD analysis consists of measuring the angles and intensities at which crystalline matter reflects X-rays. Each crystal structure has a set of possible reflections that occur when the crystal is appropriately oriented in an X-ray beam. Measuring all possible reflections of a sample in an angular range allows determination of its crystalline structure or identification of its nature on the basis of its structure.It is critical to the understanding of XRD to realize that diffraction occurs only under very specific conditions. Indeed, a given crystal placed in a monochromatic beam at any given orientation would most likely lead to no diffraction at all. A diffraction beam can be generated from this crystal only if its orientation in the beam is such that the Bragg condition is met for a type of plane of the lattice.
	4.1 Powder XRD
	The most commonly used crystallographic approach of XRD is powder diffraction (pXRD). The sample in pXRD is a powdered (polycrystalline) material, which is composed of many small crystallites that randomly assume all possible orientations with respect to the incident beam. As illustrated in the figure above -right, in a pXRD experiment a relatively small proportion of the grains contribute to a given diffracted beam. Higher numbers of randomly oriented grains exposed to the X-ray lead to better statistical representation for any given diffraction direction. This characteristics is refered to as “particle statistics”.
	pXRD instruments require limited analytical volume to provide good resolution, so particle statistics are achieved using very fine grains typically less than a few 10’s of micrometers. Particle statistics becomes even more critical with miniature instruments due to the reduced size of their analytical volume. Conditions for good particle statistics vary depending on parameters such as the symmetries in the crystal lattice, the abundance of the phase in the sample or the geometry of the instrument. A general rule of thumb for powder XRD is that one needs in excess of 106 grains to provide appropriate particle statistics. Due to the small size of the analytical volume, this is achieved with Duetto when analyzing very fine particles (microns) that lead to continuous Debye rings when using static samples. Spotty rings are observed for grain sizes substantially above 10um (the term “spottiness” is often used to refer to insufficient particle statistics).
	Since Duetto is mostly used to analyze unprepared materials, some analyses will be performed with less than ideal grain size. This can be evaluated by looking at the 2D XRD images produced by the instrument. Smooth continuous diffraction rings are indicative of good particle statistics, while discrete spots are indicative of very coarse grains.
	When the grain size of the sample is not small enough to guarantee appropriate particle statistics, means of increasing the number of crystal orientations effectively analyzed must be applied. This is typically done by translating or rotating the sample in the beam to analyze a larger amount of material or explore more orientations of the same grains. Duetto can be fitted with an optional sample spinner to allow such improvement when analyzing powdered materials..
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