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Introduction 
The use of specular neutron reflection as a tool for the study of complex interfaces has now developed 
as a mature technique [1-3]. Measurements of specular reflectivity give information about structure 
perpendicular to the interface, but an increasing number of important science and technology issues in 
the study of thin films, multialyers and interfaces concern structure in the plane of the interface. These 
include studies of complex magnetic multilayers, liquid-liquid interfaces, electrochemical systems 
with lateral inhomogeneities and self-assembly of materials such as membranes, proteins and silicates. 
Off-specular reflectivity or grazing incidence diffraction measurements contain information relating to 
correlations in the plane of the interfaces under investigation. The past few years have seen an 
increase in the number of studies which have required the investigation of the in plane structure of 
interfaces [3-6], but application of off-specular and grazing incidence methods with neutrons have 
been held up by instrumental shortcomings related to lack of intensity and high backgrounds, and a 
lack of optimisation of the current generation of reflection instruments to the demands the 
experiments. In addition there will also be a requirement for more detailed and quantitative analysis. 
Demand for techniques to understand in-plane structure will grow substantially; the continuing drive 
to develop and understand increasingly complex, technologically relevant systems such as 
Giant/Colossal Magneto-Resistance (GMR/CMR) materials, spin electronics, plastic electronics, 
patterned subphases, membranes, proteins, dewetting polymers, surfactant systems, lubricants, 
coatings and sensors is leading to many studies of lateral structure using techniques such as scanning 
probe microscopy and grazing incidence x-ray diffraction.  The use of neutrons would offer unique 
advantages, in particular the ability to vary contrast and to study buried interfaces, if the limitations of 
flux and signal to noise can be overcome. 
The ISIS second target station provides an opportunity to construct a unique polychromatic instrument 
purpose built for the study off-specular reflectivity and in-plane neutron scattering.  Key features of 
the instrument would be: 

• Ultralow background 
• Optimised collimation 
• A second detector for small and wide angle in-plane scattering 
• Spin echo analysis of the reflected beam permitting measurement of in-plane length scales in 

the range 5-200 nm, in addition to the length-scales from 100 nm – 40 µm accessible by 
conventional techniques. 

 
Science Case: 

Experimental Applications. 
Specific examples of systems where the increased Q-range and intensity of a specialised instrument 
include: 
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Magnetic Materials. 
The understanding of GMR/CMR and Tunneling Magneto-Resistance (TMR) materials is integral to 
the continuing development of storage media where the so-called super-paramagnetic limit is 
beginning to limit increases in storage densities. A deeper understanding of the effect of patterning on 
the stability of the three dimensional magnetic structure of such films and the effect of external 
conditions is required in order to improve device performance. The in plane structure of such devices 
may be studied using direct methods such as electron and atomic force microscopy but depth sensitive 
information about the buried magnetic structure can only be obtained directly using neutron reflection 
techniques.  

Polymers 
Specular reflectivity has been successfully used to study the kinetics of polymer mixing and dewetting 
on timescales of 60 seconds. Increased flux and access to a wide range of length-scales in the plane of 
the film will make it possible to study a number systems with features that are not currently accessible. 
These include thin films of polymer blends, which may have in plane structure arising from surface 
segregation or self-stratification that may be on more than one length scale due to hierarchical phase 
separation, e.g. blends of semiconducting polymers used for photovoltaics devices, light emitting 
diodes and functional coatings.  Grafted layers at solid-polymer interfaces, such as “polymer brushes” 
that are already very important in modifying surfaces to make them biocompatible. An ability to 
respond to different environments by changing conformation will have potential uses in “smart” 
surfaces and nanoscale valves, motors and pumps.  Polymer bilayers and multilayers where the onset 
of interfacial instabilities in on a nanometer length scale, may be driven by a number of forces, 
including the dispersion forces that lead to dewetting, and applied fields.  Ordering processes at buried 
polymer/polymer and polymer/solid interfaces. One example where this is likely to be highly relevant 
is in polymer field effect transistors, where the performance of the device depends sensitively on the 
state of order of only the first few molecular layers adjacent to the interface, where interfacial 
influences on the ordering process will be at their strongest. 

Biological systems 
Recent progress in the study of supported phospholipid bilayer structures has shown that they provide 
realistic models for cell membranes. The study of ion transport channels and absorption of proteins 
within these structures will therefore be relevant for the development of new drug delivery systems, 
sensors and also to the understanding of transport mechanisms. The size, distribution, physical and 
chemical behaviour of structures such as ion transport channels and the membranes themselves will be 
important in such studies. This information will only be directly accessible in-situ through the study of 
off-specular reflectivity over a range of length scales from tens of nanometer, in the case of ion 
transport channels, to microns for the membrane structure. 

Electrochemical systems 
Typically electrochemical systems are studied in-situ at the solid-liquid interface using small samples 
~1cm2. The flux limitation that this imposes largely precludes the possibility of investigating the in 
plane structure of such systems. In particular, the formation of correlated field induced structures such 
as ripple phases and inhomogeneities in film structure could be investigated. For larger samples, of the 
order of 100cm2 in size, time resolved studies may be possible on a timescale of 10ms to minutes. This 
may be achieved by synchronising data collection with a cycling electric field applied to the sample.  

Surfactant systems. 
Mixed surfactant systems that form lamellar and micellar structures at the air-solid and air liquid 
interfaces, as well as polymer surfactant mixtures have been seen to exhibit in plane structure in the 
form of ripple phases and other forms of correlated roughness. The behaviour of such structures with 
respect to time, temperature, pH, ionic concentration and solution concentration would continue to be 
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investigated, with additional possibility of performing time resolved measurements or using smaller 
sample sizes. 

Mesoporous films 
Many inorganic systems produced in nature are actually composite structures consisting of inorganic 
materials, the growth of which is directed or templated by proteins produced within an organism. This 
approach to materials synthesis has been followed in the laboratory using surfactants to template the 
growth of nanostructured inorganic materials, for example mesoporous films at interfaces. Grazing 
incidence x-ray diffraction at third generation synchrotron sources has been used to study the 
development of in-plane structure in such films at the air/liquid interface. It is anticipated, however, 
that nanostructured films produced for technological purposes will be grown at solid/liquid interfaces.  
Structure development at the solid/liquid interface is difficult to study using x-rays and so in many 
systems the initial surfactant structure that is critical in determining the subsequent film growth may 
only be investigated using off-specular and grazing incidence neutron diffraction combined with 
isotopic substitution techniques.  

Complex Sample Environments 
Complex sample environments such as furnaces, cryostats, electrochemical cells and high-pressure 
environments currently in use will continue to be developed. However, smaller sample sizes will allow 
the development of more compact and complex equipment that should allow more extreme conditions 
to be reached than are currently attainable. In particular higher magnetic fields up to 10T and lower 
temperatures <1K would be anticipated. 

Surface Diffraction 
Surface diffraction will allow the study of local atomic magnetism at buried interfaces, symmetry 
breaking effects and surface phase transitions in both soft and hard condensed matter. Surface 
magnetism studies using X-rays are extremely difficult even using the brightest synchrotron sources 
because of the small magnetic scattering contribution to the scattered signal. The EVA diffractometer 
at the ILL has shown that such measurements are possible using a monochromatic neutron source. 
Using a polychromatic source such measurements will also be possible, although still technically 
challenging.  Ordering processes at buried interfaces will in many circumstances be easier to study 
using neutrons than with x-rays, because contrast variation can be used to control the neutron optics 
within the sample with great flexibility. 
 
Additional Scientific Details 
The accessible Q-ranges for liquid-air interfaces on the current ISIS target station instrumentation at 
an incident angle of 1.5° and the estimated Q-ranges available from the second target station at 2.3° 
are illustrated in figure 1a and 1b. Significant curtailment of the available range occurs with 
hydrogenous samples where incoherent scattering increases the background. On the current target 
station a fast neutron and gamma ray background resulting from the close proximity of the instruments 
to the source dominates the signal to noise level. This limits the dynamic range of observable 
reflectivity to approximately five orders of magnitude. Saturation of the current detector technology 
also limits the maximum detectable count rate. These limitations are now beginning to significantly 
impact on the ability of the user community to study certain systems. In particular the drive towards 
nanometer length scale patterning in magnetism and electronics will require the study of dimensions 
that cannot currently be investigated using neutrons. 
Instrumentation on the ISIS second target station will make use of a neutron guide system that will 
allow for both greater shielding and will eliminate direct line of sight of the source which reduces the 
fast neutron and gamma ray background. This would, at a conservative estimate, increase the signal to 
noise ratio by at least half an order of magnitude.  
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The increased incident 
angle of 2.3° allows an 
increase in the size of the 
collimation slits used 
while maintaining the 
same resolution 
achievable on the current 
target station. This 
increase in slit size results 
in a flux gain at the 
sample position of the 
order of 1.5-2 times. 
Gains of this magnitude 
would allow the detailed 
investigation of off-
specular reflectivity from 
samples such as patterned 
magnetic materials where 
recent studies have been limited to qualitative analysis by the weakness of the scattered signal.  
 
Included in this new instrument would be the ability to make use of recent developments in the Spin 
Echo technique [7] that allow the measurement of both the Qx and Qy components of the scattering 
vector with a ribbon shaped beam. In order to make such measurements on current instrumentation a 
pinhole source is required; the reduction in flux that this entails makes measurement of off-specular 
scattering very difficult. Of particular value is measurement of the Qy component of the scattering 
vector that gives access to length scales on the 
order of nanometers in the plane of the interface. 
This length scale is comparable to those measured 
by AFM, STM and other more invasive surface 
profiling techniques. Figure 1b shows an estimate 
of the accessible Qy range on OffSpec. 
When combined with the micron length scales 
accessible with the Qx component the result is an 
instrumental method with an unrivalled 
simultaneous range of surface structure sensitivity. 
Figure 2 illustrates the length scales that would be 
accessible both in the plane of an interface and 
perpendicular to the interface. 
 
In plane scattering and grazing incidence diffraction have developed on X-ray sources because of the 
flux limitations of neutron sources but the anticipated gains from the second target station source and 
instrumentation should allow such measurements to be carried out. This will enable the study of 
features such as weak magnetic resonances, surface excitations, localised molecular ordering at 
interfaces and the formation of self-assembling systems such as silicates, phospholipids, colloids and 
surfactant mesophases.  
The increased intensity available and broad dynamic range will also make it possible to begin to study 
time resolved systems, smaller samples and systems with absorbing superphases that cannot currently 
be investigated due to flux limitations. This will be useful for particular studies such as the phase 
separation of polymers, biological systems where sample volumes are limited and magnetic 
multilayers where sample sizes are typically <0.5cm2.  Currently, silicon or quartz are universally used 
as superphases, but in many situations, for example in electrochemistry, other materials might be 

Figure 2: An illustration of the real space length 
scales accessible with the 3 components of Q.

Figure 1: Calculated comparisons of the possible Qx (a) and Qy (b) ranges 
available on Offspec compared to the current ISIS target station 

instrumentation.
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preferable.  Increased intensity will also be helpful for the study of other buried interfaces such as 
those in liquid-liquid systems. 
 
Outline Design Specification: 
The proposed grooved, coupled moderator optimised to provide the highest possible flux is the most 
suitable source for the instrument. The entrance to the instrument blockhouse would be located at 
~20m from the source allowing room for a neutron guide system consisting of a section of channelled 
microguides and benders located before a straight guide.  
The channelled guide and benders are intended to bend the neutron beam such that direct line of sight 
of the source is obscured at least 2m before the entrance to the blockhouse. Figure 3 illustrates the 
type of configuration currently being considered.  
Monte Carlo simulations and calculations indicate 
that this may be achieved using current technology 
consisting of 3xθc

Ni (m=3) coated guides, such 
guides enable the transport of wavelengths of 1Å 
and greater neutrons. The geometry of the grooved 
moderator dictates that the beam would be a 
horizontal ribbon of 3cm high by ~6cm wide, this 
encourages the use of a downward bend in the 
guide section that eliminates the direct line of sight 
of the moderator. The downward bend would also 
create the 2.3° downward incident angle desired to 
perform liquid air interface experiments.  
The beam path within the blockhouse up to and 
after the sample position would be maintained 
either at a light vacuum or with a slightly positive 
overpressure of Argon in order to reduce parasitic incoherent scattering background from Nitrogen 
and water in the atmosphere. The sample position itself would be maintained under ambient conditions 
with the additional possibility of evacuation or purging if necessary. The demands of many 
experiments require that the sample position be accessible at ground level in order to enable rapid and 
delicate procedures to be carried out by users, as is the case with the current instrumentation. The area 
must also enable the installation of large items of complex sample environment such as cryostats, 
magnets, furnaces and sample changers; it should therefore be accessible from above using a crane.  
 
The outlined design specification for Offspec are summarised in Table 1. 
 
Moderator Coupled Grooved H2/CH4 
Detectors 2 x 300mm x 300mm scintillator area detectors 1mm pixel size 
L1 23m 
L2 Variable 3m + 
Resolution ~3-10% ∆Qz/Qz 
Incident Wavelengths 1-15Å 
Choppers Counter -rotating disc chopper (10Hz) 
Table 1: Outline Specification for Offspec 

The demands of in-plane scattering require that the second detector could move in the horizontal 
plane. This would mean that the OffSpec blockhouse would be of the order of 5-7m wide at the 
sample position as illustrated in figure 4.  

Figure 3: Illustration of the possible guide 
configuration for offspec. 
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For liquid surface experiments an m=3 supermirror 
would be inserted into the beam in order to decrease 
the incident angle of the beam at the sample. It is 
envisaged that no more than 2 angles would be 
required to cover a Q-range greater than that available 
on SURF and CRISP in three separate measurements. 
For polarised neutron reflection experiments, beam 
polarisation would be achieved using a transmission 
remnant field m=3 supermirror polariser situated 
immediately after the first set of collimation slits. The 
neutron polarisation would then 
be maintained by the use of guide fields with the 
additional flexibility to rotate the polarisation vector in 
any given direction. Polarisation analysis will be 
achieved by the use of either a 3He filter or a 
polarising mirror analyser stack depending on the 
exact requirements of the experiment. 3He filters provide a broader angular acceptance range and 
allow polarisation analysis in both the x and y plane. However, higher transmission and greater 
polarisation can be achieved using a stack of remnant field m=3 supermirror polarisers. This proven 
technology is currently in use on CRISP but does not allow analysis of the beam polarisation in both 
the x and y planes. 
 
Neutron Spin Echo (NSE) analysis of the 
reflected beam would be achieved using a 
method based on that demonstrated recently 
by Pynn et al [7] illustrated in figure 5. The 
simplicity of the apparatus shown is a result 
of the experiment being performed with a 
monochromatic beam. For a polychromatic 
source, the spin flipping π/2 rotator films 
would be replaced with either non-adiabatic 
coils or Dabbs foil flippers and the 
precession films replaced with appropriate, 
phased, pulsed magnetic fields. It is 
necessary to replace the precession films in 
order to maintain a constant momentum 
resolution that would otherwise decrease 
with decreasing neutron wavelength. The 
apparatus necessary would require a 
significant amount of development but is possible with current technology. Pynn et al, estimated that a 
0.2% kz resolution would be obtainable with the apparatus illustrated in figure 5.  
The requirement for a polarised neutron beam would suggest that the proposed polarised reflectometer 
PolRef could be adapted to include NSE option However, PolRef requires a degree of flexibility 
within its design that would compromise the performance of neutron spin echo were it to be included 
as an additional part of the design. In particular the relocation and calibration of the components that 
would require removal when NSE was not in use would significantly degrade the performance of the 
NSE instrument and the ability to perform reliable measurements.  
 
The low backgrounds required for the instrument may necessitate a double disk chopper installed 
~10m from the source. Long wavelength frame overlap neutrons would be eliminated by the use of a 
frame overlap mirror and absorbing material.  

Figure 5: Schematic diagram of the application of neutron 
spin echo to reflectivity. 
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Figure 4: An illustration of the possible layout 
of the Offspec beamline (to scale) 
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