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Objectives for an HRPD:
Precise structures using Rietveld Refinement
High resolution over the whole pattern
High intensity for rapid experiments on small samples

These objectives are mutually incompatible
Intensity decreases with resolution etc

The best compromises -> the most useful machine

High Resolution Powder Diffractometer 
(HRPD) Design

Alan Hewat, Diffraction Group, ILL.
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Objectives:

High resolution

+
High intensity

a) Good compromise
b) Bad  compromise

HRPD Design Objectives
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Bragg’s law:         2d.sinθ/λ
 

= p½
 
where:   p = h2

 
+ k2

 
+ l2 

Differentiate:    2.δd/δθ. cosθ/λ
 

= p½
 

= 2d.sinθ/λ

Resolution:          Δd/d= Δθ.cotθ
 

(cotθ
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2θmax
 

~ 1600
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cotθ
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~ 1.2

Δθ
 

~ 0.150
 

~ 3.10-3
 

rad
 

Δθ
 

~ 0.030
 

~ 6.10-4
 

rad

Δd/d
 

~ 5.10-4
 

Δd/d
 

~ 7.10-4

High Resolution at High Angles
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Neutron Δd/d
 

resolution
can compete with

Synchrotron resolution

But ! Neutron diffraction requires high angle scattering
(backscattering)

High Resolution at High Angles
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Bragg’s law:         2d.sinθ/λ
 

= p½
 
where:   p = h2

 
+ k2

 
+ l2 

Differentiate:    2.δλ/δθ. cosθ/λ
 

= p½
 

= 2d.sinθ/λ

Intensity:          Δλ/λ= ΔθΜ
 

.cotθΜ
 

cf
 

Δd/d= Δθ.cotθ

High resolution Δd/d
 

implies low intensity Δλ/λ unless ΔθΜ
 

large

Need large monochromator mosaic ΔθΜ
 

= β

Fortunately, resolution (focusing) does not depend on ΔθΜ
 

= β

Resolution vs
 

Intensity
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Powder Diffractometers are Simple

A continuous neutron source

Incident collimation

A Monochromator

The Sample & environment

Scattering collimation

A Detector
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If A = Full Width at Half Maximum (FWHM) of Bragg peak
Cagliotti

 
formula:     A2

 
= U.tan2 θ

 
+ V.tan θ

 
+ W

Where:
 

U = (2.5α1
2

 
+ 2β2).tan-2 θM

V = -(2α1
2

 
+ 4β2).tan-1 θM

W = 0.5α1
2

 
+ 2β2

 
+ α3

2

Where  α1
 

, α2
 

, α3
 

are the beam divergences
β

 
is the monochromator mosaic

Differentiating, the minimum peak width occurs for:
θ

 
= θM

 

and A2
 

~ (α1
2

 
+ α3

2) 

Resolution vs
 

Scattering Angle 2θ
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Best resolution occurs when:
 θ

 
= θM

 

and A2
 

~ (α1
2

 
+ α3

2)    
 (focussing

 
condition)

Best resolution at focus depends only on collimation   α1
 

~ α3

Best Intensity ~ α1
 

α2
 

α3
 

β

Density of peaks -> Large monochromator angle ( > 900 )

Resolution vs
 

Scattering Angle θ
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Vertical focusing does not affect resolution (at 900
 

focussing)

But how do we obtain good resolution at large d-spacings ?

Use long wavelengths λ
 

to get large d-spacings at large angles

Vertically Focusing Monochromator
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Match instrument to 
resolution required to 
resolve Bragg peaks.
Bragg’s law:  2d.sin θ/λ

 
= p½

where:   p = h2
 

+ k2
 

+ l2 

Differentiate δp/δθ

Density p: δp/δθ= (2d/λ)2.sin2θ

Angle between peaks, put δp=1

Δ(2θ) = 2Δ(θ) = 2(λ/2d)2/sin2θ

High Resolution at High Angles

0                       90                     120

Density of Peaks δp/δθ

Max
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Match instrument to 
resolution required to 
resolve Bragg peaks.
Bragg’s law:  2d.sin θ/λ

 
= p½

where:   p = h2
 

+ k2
 

+ l2 

Differentiate δp/δθ

Density p: δp/δθ= (2d/λ)2.sin2θ

Angle between peaks, put δp=1

Δ(2θ) = 2Δ(θ) = 2(λ/2d)2/sin2θ

High Resolution at High Angles
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Focussing
 

with equal monochromator 
& detector angles
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Backscattering TOF focussing
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Conventional reactor HRPD 
matches resolution required

 to resolve adjacent peaks.

Time-of-Flight machine has 
best resolution at large d -

 a poor match. 

Required Resolution
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Note:
large monochromator angle
large scattering angles
large multi-detector bank

Very successful machine for 
Rietveld refinement. 

D1A, high resolution multi-detector
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The collimators define 
small scattering volume

Eliminate scattering 
from sample environment

Limited scattering volume
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At focusing angle, the 
resolution depends only 
on the collimators 

-
NOT on monochromator, 
wavelength spread etc…

High resolution from collimators
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The collimators must be 
identical because we must 
add the separate patterns 
together…

…after correcting for 
relative displacement and 
efficiency…

Uniformity of Collimators
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Objectives:

High resolution

+
High intensity

a) Good compromise
b) Bad  compromise

HRPD Design Objectives
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High efficiency PSD 
D1b compared to 
high resolution D1a
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Refinements of Al2
 

O3
 

standard
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Relative Efficiencies of D1a & D1b

The high resolution D1a 
multi-detector HRPD and 
the high efficiency D1b 
(PSD) position sensitive 
detector, were also more 
efficient than others.
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