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(57) ABSTRACT 

A multifunctional hard x-ray nanoprobe instrument for char­
acterization of nanoscale materials and devices includes a 
scanning probe mode with a full field transmission mode. 
The scanning probe mode provides fluorescence spectros­
copy and diffraction contrast imaging. The full field trans­
mission mode allows two-dimensional (2-D) imaging and 
tomography. The nanoprobe instrument includes zone plate 
optics for focusing and imaging. The nanoprobe instrument 
includes a stage group for positioning the zone plate optics. 
The nanoprobe instrument includes a specimen stage group 
for positioning the specimen. An enhanced laser Doppler 
displacement meter (LDDM) system provides two-dimen­
sional differential displacement measurement in a range of 
nanometer resolution between the zone-plate optics and the 
sample holder. A digital signal processor (DSP) implements 
a real-time closed-loop feedback technique for providing 
differential vibration control between the zone-plate optics 
and the sample holder. 
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OPTOMECHANICAL STRUCTURE FOR A 
MULTIFUNCTIONAL HARD X-RAY NANOPROBE 

INSTRUMENT 

CONTRACTUAL ORIGIN OF THE INVENTION 

[0001] The United States Government has rights in this 
invention pursuant to Contract No. W-31-109-ENG-38 
between the United States Government and Argonne 
National Laboratory. 

FIELD OF THE INVENTION 

[0002] The present invention relates to a multifunctional 
hard x-ray nanoprobe instrument. More specifically, the 
invention relates to a multifunctional hard x-ray nanoprobe 
instrument for installation on the Advanced Photon Source 
(APS) beamline to be provided as one of the characterization 
facilities for the Center for Nanoscale Materials (CNM) 
under construction at Argonne National Laboratory (ANL). 

DESCRIPTION OF THE RELATED ART 

[0003] A need exists for an effective hard x-ray probe for 
characterization of nano scale materials and devices. A need 
exists for such a hard x-ray probe arranged to operate with 
photon energies, for example between 3 keV and 30 keV, 
with effective nanometer spatial resolution. Effective active 
vibration control in nanometer scale is significant for instru­
ments, which need positioning resolution and stability in 
nanometer scale with a comparatively large travel range. 

[0004] A need exists for a nanoprobe instrument which 
combines a scanning probe mode used for analytic studies of 
a small specimen area with a full-field transmission mode 
used for 2D and 3D imaging of the specimen at high 
resolution. 

[0005] A principal aspect of the present invention is to 
provide an enhanced multifunctional hard x-ray nanoprobe 
instrument. 

[0006] Other important aspects of the present invention 
are to provide such enhanced multifunctional hard x-ray 
nanoprobe instrument substantially without negative effect 
and that overcome some of the disadvantages of prior art 
arrangements. 

SUMMARY OF THE INVENTION 

[0007] In brief, a multifunctional hard x-ray nanoprobe 
instrument for characterization of nanoscale materials and 
devices is provided. The instrument includes a scanning 
probe mode with a full field transmission mode. The scan­
ning probe mode provides fluorescence spectroscopy and 
diffraction contrast imaging. The full field transmission 
mode allows two-dimensional imaging and tomography. 
The nanoprobe instrument includes zone plate optics for 
focusing and imaging. The nanoprobe instrument includes a 
stage group for positioning the zone plate optics. The 
nanoprobe instrument includes a specimen stage group for 
positioning the specimen. 

[0008] In accordance with features of the invention, the 
nanoprobe instrument includes a vacuum system with in­
vacuum positioning of optics and the specimen. High­
resolution positioning and scanning is performed using the 
stage group for zone plate optics. The specimen stage group 
is used for coarse positioning only. 

1 
Mar. 29, 2007 

[0009] In accordance with features of the invention, the 
nanoprobe instrument operates with photon energies 
between 3 keV and 30 keV. The focal length of the nano­
focusing optics is provided in the range of 10-30 mm. 

[0010] In accordance with features of the invention, the 
nanoprobe instrument includes an enhanced laser Doppler 
displacement meter (LDDM) system that provides two­
dimensional differential displacement measurement in a 
range of nanometer resolution between the zone-plate optics 
and the sample holder. 

[0011] In accordance with features of the invention, the 
nanoprobe instrument includes a base structure, which 
ensures stability on the nanometer scale with laser Doppler 
displacement meter (LDDM) closed-loop control. A plural­
ity of laser heads and a plurality of reflection optics for the 
LDDM are mounted on the base structure to perform a 
two-dimensional differential measurement between the 
x-ray zone plate optics holder and the sample holder. The 
stage group for zone plate optics provide a three-dimen­
sional positioning capability, for example, with 0.125 nm 
measuring resolution in 10 mmxx 10 mmxx 10 mm range. 
The stage group for zone plate optics includes a plurality of 
DC-motor driven translation stages and a PZT-driven high­
stiffness horizontal stage and a PZT-driven high-stiffness 
vertical stage, each using overconstrained weak-link paral­
lelogram mechanisms for ultraprecision motion control. 

[0012] In accordance with features of the invention, the 
nanoprobe instrument includes a plurality of capacitance 
sensors arranged to dynamically measure the rotation axis 
angular and displacement shifts. The sample position is 
determined by the combination of the LDDM system and the 
capacitance sensors. 

[0013] In accordance with features of the invention, the 
nanoprobe instrument includes a digital-signal-processor 
(DSP)-based real-time closed-loop feedback technique for 
providing differential vibration control between the zone­
plate optics and the sample holder. A digital signal processor 
(DSP) computes the position differences between the two 
stage groups and determines the discrepancy between the 
actual and desired differential position, and performs a feed 
back for active vibration control. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] The present invention together with the above and 
other objects and advantages may best be understood from 
the following detailed description of the preferred embodi­
ments of the invention illustrated in the drawings, wherein: 

[0015] FIG. 1 is a schematic diagram representation of a 
multifunctional hard x-ray nanoprobe instrument in accor­
dance with the preferred embodiment; 

[0016] FIG. 2 is a side view illustrating an exemplary 
multifunctional hard x-ray nanoprobe instrument of FIG. 1 
in accordance with the preferred embodiment; 

[0017] FIG. 3 is a top view illustrating an exemplary 
multifunctional hard x-ray nanoprobe instrument of FIG. 1 
in accordance with the preferred embodiment; 

[0018] FIG. 4 is a side view illustrating exemplary posi­
tioning stage modules of the multifunctional hard x-ray 
nanoprobe instrument of FIG. 1 in accordance with the 
preferred embodiment; 
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[0019] FIG. 5 is a schematic diagram representation of an 
exemplary self-aligning multiple-reflection optical design of 
the multifunctional hard x-ray nanoprobe instrument of FIG. 
1 in accordance with the preferred embodiment; and 

[0020] FIG. 6 is a schematic diagram representation of an 
exemplary eight laser Doppler displacement meter (LDDM) 
encoder system of the multifunctional hard x-ray nanoprobe 
instrument of FIG. 1 in accordance with the preferred 
embodiment; 

[0021] FIG. 7 is a plan view of an exemplary high stiffness 
horizontal PZT-stage of the multifunctional hard x-ray nano­
probe instrument of FIG. 1 in accordance with the preferred 
embodiment; 

[0022] FIG. 8 is a plan view of an exemplary high stiffness 
vertical PZT-stage of the multifunctional hard x-ray nano­
probe instrument of FIG. 1 in accordance with the preferred 
embodiment; and 

[0023] FIG. 9 is a schematic diagram representation of an 
exemplary feedback system for active vibration control in 
one direction of the multifunctional hard x-ray nanoprobe 
instrument of FIG. 1 in accordance with the preferred 
embodiment. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0024] Having reference now to the drawings, in FIG. 1, 
there is shown a schematic diagram representation of a 
multifunctional hard x-ray nanoprobe instrument generally 
designated by the reference character 100 in accordance 
with the preferred embodiment. A hard x-ray nanoprobe 
beamline is being developed at the Advanced Photon Source 
(APS) and the beamline will house a multifunctional hard 
x-ray nanoprobe instrument 100, which is a new hard x-ray 
nanoprobe instrument that is one of the centerpieces of the 
characterization facilities of the Center for Nanoscale Mate­
rials (CNM) being constructed at Argonne National Labo­
ratory (ANL). 

[0025] In accordance with features of the preferred 
embodiment, the nanoprobe instrument 100 will operate 
with photon energies between 3 keV and 30 keV. The focal 
length of the nanofocusing optics will typically be in the 
range of 10-30 mm. The instrument 100 combines a scan­
ning probe mode with a full-field transmission mode. The 
scanning probe mode provides fluorescence spectroscopy 
and diffraction contrast imaging. The full-field transmission 
mode allows two-dimensional (2-D) imaging and tomogra­
phy. 

[0026] Multifunctional hard x-ray nanoprobe instrument 
100 receives an x-ray beam applied via a hard x-ray focusing 
zone plate 102 to a specimen 104. Nanoprobe instrument 
100 combines a scanning probe mode with a full-field 
transmission mode. Nanoprobe instrument 100 includes an 
energy dispersive detector 106 using x-ray fluorescence for 
trace element mapping and spectroscopy, an area detector 
108 for microdiffraction or x-ray diffraction to obtain local 
structural information such as crystallographic phase, strain 
texture, and an area detector 110 for absorption contrast and 
differential phase control or x-ray transmission in phase and 
absorption to image internal structures of complex devices. 
Nanoprobe instrument 100 includes a condensor module 12 
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for full-field imaging mode, an imaging zone plate module 
for full-field imaging mode 114, and an area detector 116 for 
full-field imaging mode. 

[0027] In accordance with features of the preferred 
embodiment, major capabilities of the nanoprobe instrument 
100 include: 1) scanning x-ray fluorescence spectroscopy, 2) 
transmitting x-ray microscope, and 3) x-ray micro-diffrac­
tion applications. A unique capability of the design of the 
nanoprobe instrument 100 is that once the sample 104 is in 
place, it is possible to do a complete characterization of the 
sample without further disturbing the sample. 

[0028] In accordance with features of the preferred 
embodiment, major design enhancements that have been 
included into nanoprobe instrument 100 are: Diffractive 
optics, such as zone plates 102, will be used for focusing and 
imaging. The nanoprobe instrument 100 is designed as a 
vacuum system with in-vacuum positioning of optics and 
specimen. High-resolution positioning and scanning is per­
formed using the stage group for zone plate optics. The 
specimen stage group is used for coarse positioning only. 
Position encoding is performed using a LDDM, with indi­
vidual LDDMs measuring the position of each component 
with respect to a reference frame. A digital signal processor 
(DSP) computes the position differences between the two 
stage groups and determines the discrepancy between the 
actual and desired differential position, and performs a feed 
back for active vibration control. The scanning probe mode 
has a higher priority if the structure design needs a perfor­
mance compromise between the scanning probe mode with 
full-field transmission mode. 

[0029] In accordance with features of the preferred 
embodiment, the hard x-ray nanoprobe instrument 100 is 
one of the major characterization tools of Argonne Center 
for Nanoscale Materials. As such, nanoprobe instrument 100 
will provide characterization of nanoscale materials and 
devices at the highest spatial resolution that can be achieved 
using hard x-ray optics. The system takes advantage of the 
good penetration of x-rays to study buried layers and inter­
faces. Nanoprobe instrument 100 uses x-ray fluorescence for 
trace element mapping and spectroscopy, x-ray diffraction to 
obtain local structural information such as crystallographic 
phase, strain texture, and x-ray transmission in phase and 
absorption to image internal structures of complex devices. 

[0030] In accordance with features of the preferred 
embodiment, the potential uses of this invention will be 
x-ray microscopes using synchrotron radiation sources or 
other x-ray sources. This optomechnical structure design 
may also be used for other microscopes or scientific instru­
ments, such as electron microscopes and atomic force micro­
scopes. The major advantage over existing products is that 
the optomechanical structure provides good active vibration 
control in nanometer scale. It is significant for instruments, 
which need positioning resolution and stability in nanometer 
scale with large travel range. This structure design also 
creates the feasibility for a nanoprobe instrument which 
combines a scanning probe mode used for analytic studies of 
a small specimen area with a full-field transmission mode 
used for 2D and 3D imaging of the specimen at high 
resolution. 

[0031] Referring to FIG. 2 and FIG. 3, the optomechanical 
structure for the nanoprobe instrument 100 includes the 
following major component groups: a granite base 120 with 
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a plurality of vibration isolators 122, an instrument vacuum 
chamber or vacuum vessel 124, a robotic detector manipu­
lator 126 for microdiffraction, an upstream optical micro­
scope 128, and a translation stage system 130 for a trans­
mission imaging detector 132. 

[0032] As can be seen in FIG. 3, at least one vacuum pump 
134 is connected to the instrument vacuum chamber 124. An 
air lock 136 for specimen exchange is provided with a 
specimen or sample feedthrough 138. A laser head 140 for 
a laser Doppler displacement meter (LDDM) closed-loop 
control is located adjacent the instrument vacuum chamber 
124. A detector for x-ray fluorescence microscope 142 is 
coupled to the instrument vacuum chamber 124. 

[0033] Referring also to FIG. 4, inside the instrument 
vacuum chamber 124, a plurality of positioning stages for 
the optics are grouped into several subcomponents that are 
engineered to be moved in or out of the beam to allow 
configuration of the nanoprobe instrument 100 for scanning 
probe mode and full-field transmission mode. These sub­
components supported on a rigid support frame 148, such as 
a rigid Invar reference frame 148, include the condensor 
module (CM) 112, a focusing optics module (FOM) 152, a 
specimen module (SM) 154, and an imaging optics module 
(IOM) 156. The CM 112 provides illumination of the 
specimen 104 in full-field transmission mode. The FOM 152 
provides positioning and scanning of the focusing zone 
plates 102 and order sorting aperture at high mechanical 
resolution and accuracy. The SM 154 provides specimen 
positioning and temperature control. The IOM 156 provides 
positioning of the objective zone plates and phase plates 
required for operation in full-field transmission mode. The 
FOM and SM form a scanning nanoprobe instrument. CM 
112, SM 152, and IOM 156 form a transmission x-ray 
microscope (TXM). The SM 154 is shared by both configu­
rations. 

[0034] Referring to FIG. 5, there is shown an exemplary 
self-aligning multiple-reflection optical design system gen­
erally designated by the reference character 500 of the 
multifunctional hard x-ray nanoprobe instrument 100 in 
accordance with the preferred embodiment. Self-aligning 
multiple-reflection optical design system 500 includes a 
LDDM laser source and detector electronics 502, a plurality 
of LDDM reflection beams 504, a target prism 506, a 
plurality of prisms 508, and a retroreflector 510. With the 
same LDDM laser source and detector electronics 502, the 
illustrated exemplary optical path provides eight times 
greater resolution. 

[0035] The laser encoder system of the nanoprobe instru­
ment 100 includes the rigid support Invar reference frame 
148, a set of LDDMs, and laser optics for resolution exten­
sion, such as a pair of the illustrated self-aligning multiple­
reflection optical design system 500 in FIG. 5. The LDDM 
is based on the principles of the Doppler effect and optical 
heterodyning. We have chosen a customized LDDM from 
Optodyne Inc. as our basic system, not only because of its 
high resolution, 2 nm, typically, and fast object speed, 2 mis, 
but also because of its unique performance independent of 
polarization, which provides the convenience of creating a 
novel multiple-reflection-based optical design to attain sub­
nanometer linear resolution. In the self-aligning multiple­
reflection optical design for the LDDM system, the hetero­
dyning detector is housed coaxially inside the frequency-
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stabilized laser source. Unlike a typical single reflection on 
the moving target, the laser beam is reflected back and forth 
eight times, or four times, between the fixed base and the 
moving target as shown in FIG. 5. The laser beam, which is 
reflected back to the heterodyning detector, is frequency­
shifted by the movement of the moving target relative to the 
fixed base. With the same LDDM laser source and detector 
electronics, this optical path provides eight times ( or four 
times) greater resolution for the linear displacement mea­
surement and encoding. A 0.2 nm resolution has been 
reached by a prototype system. A total of eight LDDMs will 
be used to correct possible linear motion trajectory errors. 

[0036] U.S. Pat. No. 6,822,733 issued to Deming Shu, 
Nov. 23, 2004 and assigned to the present assignee, discloses 
optical systems for laser encoder resolution extension with 
three-dimensional motion decoupling capability. The optical 
system includes a first prism mounted on a moving target, 
and a plurality of prisms, a retroreflector, a laser source, and 
a detector mounted on a fixed base. The moving target has 
three-dimensional linear motion freedom. The first prism on 
the moving target and the plurality of prisms and the 
retroreflector on the fixed base reflect a laser beam from the 
laser source to the detector define a three-dimensional 
optical path. The three-dimensional optical path provides 
multiple times optical resolution extension power for linear 
displacement measurement and encoding. This optic system 
is only sensible to the target motion on X direction and is 
substantially unaffected by movement in the Y and Z direc­
tions. 

[0037] Referring to FIG. 6, there is shown an exemplary 
eight laser Doppler displacement meter (LDDM) encoder 
system generally designated by the reference character 600 
of the multifunctional hard x-ray nanoprobe instrument 100 
in accordance with the preferred embodiment. LDDM 
encoder system 600 provides two-dimensional differential 
position encoding between the FOM 152 and the SM 154. 
The LDDM encoded travel ranges are, for example, 12 mm 
(X)x12 mm (Y)x12 mm (Z) for FOM and 12 mm (X)x12 
mm (Y)x6 mm (Z) for SM. 

[0038] Self-aligning multiple-reflection optical design 
system 600 advantageously is implemented in accordance 
with the disclosed optical systems of the above-identified 
U.S. Pat. No. 6,822,733. The subject matter of the above­
identified U.S. Pat. No. 6,822,733 is incorporated herein by 
reference. 

[0039] Referring to FIG. 7, there is shown an exemplary 
high stiffness horizontal PZT-stage generally designated by 
the reference character 700 of the multifunctional hard x-ray 
nanoprobe instrument 100 in accordance with the preferred 
embodiment. High stiffness horizontal PZT-stage 700 
includes a plurality of weak-link groups 702, 704, 706, 708 
and a pair of micro-actuators 710, 712. 

[0040] Referring to FIG. 8, there is shown an exemplary 
high stiffness vertical PZT-stage generally designated by the 
reference character 800 of the multifunctional hard x-ray 
nanoprobe instrument 100 in accordance with the preferred 
embodiment. High stiffness horizontal PZT-stage 800 
includes a plurality of weak-link groups 802, 804, 806, 808 
and a pair of micro-actuators 810, 812. 

[0041] U.S. Pat. No. 6,607,840 issued to Deming Shu, 
Thomas S. Toellner, and E. Ercan Alp, Aug. 19, 2003 and 
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assigned to the present assignee, discloses redundantly con­
strained laminar structures as weak-link mechanisms and a 
novel method for manufacturing the redundantly con­
strained laminar structures as weak-link mechanisms. The 
method for producing the redundantly constrained laminar 
structures as weak-link mechanisms is carried out by litho­
graphic techniques. A designed pattern is repeatedly chemi­
cally etched with a mask to produce a plurality of individual 
identical units. The units are stacked together to form the 
laminar structure and are secured together with fasteners. A 
high quality adhesive can be applied to the sides of the 
laminar structure to provide the mechanism equivalent to a 
single piece mechanism. The redundantly constrained lami­
nar structures as weak-link mechanisms of the invention 
include a stack of a plurality of thin material structures. The 
stack of structures forming a laminar structure include 
multiple weak-link connections providing controllable 
movements in a plane of the layer and having a desired 
stiffness and stability. The plurality of thin material struc­
tures include predetermined locating-holes used with locat­
ing-pins to precisely stack the thin material structures 
together and are used with fasteners to secure the stack 
together. 

[0042] Each of the high stiffness horizontal PZT-stage 700 
and the high stiffness vertical PZT-stage 800 advantageously 
is implemented in accordance with the disclosed weak-link 
mechanisms of the above-identified U.S. Pat. No. 6,607,840. 
The subject matter of the above-identified U.S. Pat. No. 
6,607,840 is incorporated herein by reference. 

[0043] Referring to FIG. 9, there is shown an exemplary 
feedback system for active vibration control generally des­
ignated by the reference character 900 of the multifunctional 
hard x-ray nanoprobe instrument 100 in accordance with the 
preferred embodiment. Vibration control feedback system 
900 provides active vibration control in one direction, such 
as the Y direction and a similar arrangement is implemented 
for active vibration control in the X direction. Vibration 
control feedback system 900 includes a two-dimensional 
differential laser Doppler displacement encoder system 
including a computer 902, such as a personal computer or 
digital signal processor (DSP) 902, coupled to a LDDM 
controller 904 via a pair of interface functions 906, 908. 
Personal computer or digital signal processor (DSP) 902 is 
coupled to a first DC-motor controller 912 that is coupled for 
operative control of a specimen stage group 914 for the 
specimen 104. Personal computer or DSP 902 is coupled to 
a second DC-motor controller 916 is coupled for operative 
control of providing a control signal to a stage group 920 for 
zone plate optics 102. Personal computer or DSP 902 is 
coupled to a digital-to-analog (D/A) converter 922. The DIA 
converter 922 is coupled a PZT controller 924 for a weak­
link stage 926 of the stage group 920 for zone plate optics 
102. LDDM controller 904 includes an optical path of a 
target prism 930 and a laser head 932 of the stage group 920 
for zone plate optics 102. LDDM controller 904 includes an 
optical path of a target prism 934 and a laser head 936 of the 
specimen stage group 914 for the specimen 104. 

[0044] The computer or digital signal processor (DSP) 902 
computes the position differences between the two stage 
groups and determines the discrepancy between the actual 
and desired differential position, and performs a feed back 
for active vibration control. To improve the sample posi­
tioning accuracy for x-ray tomography applications, a plu-
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rality of capacitance sensors 940, for example, three pairs of 
capacitance sensors 940 were implemented to dynamically 
measure the rotation axis angular and displacement shifts. 
The sample position is determined by the combination of the 
LDDM system and the capacitance sensors 940. 

[0045] A prototype instrument 100 has been developed 
with a LDDM controlled scanning stage system. An APS­
designed, custom-built LDDM system provides two-dimen­
sional differential displacement measurement between the 
zone-plate x-ray optics and the sample holder. One nm and 
3 nm differential vertical and horizontal displacement steps, 
between the zone-plate holder and sample holder, have been 
demonstrated with closed-loop control. 

[0046] A total of four sets of laser head and sixteen­
reflection optics for the LDDM were mounted on the base 
structure to perform a two-dimensional differential measure­
ment between the zone plate optics holder and the sample 
holder. The stages for zone plate optics provide a three­
dimensional positioning capability with 0.125 nm measuring 
resolution in 10 mmxl0 mmxl0 mm range. The prototype 
instrument 100 includes three commercial DC-motor driven 
translation stages and two Argonne developed PZT-driven 
high-stiffness stages using over constrained weak-link par­
allelogram mechanisms for ultraprecision motion control as 
show in FIG. 7 and FIG. 8. 

[0047] While the present invention has been described 
with reference to the details of the embodiments of the 
invention shown in the drawing, these details are not 
intended to limit the scope of the invention as claimed in the 
appended claims. 

What is claimed is: 
1. A multifunctional hard x-ray nanoprobe instrument for 

characterization of nanoscale materials and devices includ­
ing a scanning probe mode for providing fluorescence 
spectroscopy and diffraction contrast imaging, and a full 
field transmission mode for providing two-dimensional 
(2-D) imaging and tomography, said nanoprobe instrument 
comprising: 

a specimen; 

zone plate optics for focusing and imaging optical control; 

a stage group for positioning said zone plate optics; and 

a specimen stage group for positioning the specimen. 
2. A multifunctional hard x-ray nanoprobe instrument as 

recited in claim 1 includes an instrument vacuum chamber 
containing the specimen, said zone plate optics, said stage 
group, and said specimen stage group. 

3. A multifunctional hard x-ray nanoprobe instrument as 
recited in claim 1 wherein said stage group for said zone 
plate optics enables high-resolution positioning and scan­
ning. 

4. A multifunctional hard x-ray nanoprobe instrument as 
recited in claim 1 wherein said specimen stage group is used 
for coarse positioning. 

5. A multifunctional hard x-ray nanoprobe instrument as 
recited in claim 1 wherein the nanoprobe instrument oper­
ates with photon energies between 3 keV and 30 keV and 
wherein said zone plate optics has a focal length in the range 
of 10 mm and 30 mm. 

6. A multifunctional hard x-ray nanoprobe instrument as 
recited in claim 1 includes a laser Doppler displacement 
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meter (LDDM) system for providing two-dimensional dif­
ferential displacement measurement in a range of nanometer 
resolution between said zone plate optics and a sample 
holder for said specimen. 

7. A multifunctional hard x-ray nanoprobe instrument as 
recited in claim 6 includes a base structure, said base 
structure for providing stability on the nanometer scale with 
said laser Doppler displacement meter (LDDM) system. 

8. A multifunctional hard x-ray nanoprobe instrument as 
recited in claim 7 wherein said laser Doppler displacement 
meter (LDDM) system includes a plurality of laser heads 
and a plurality of reflection optics mounted on said base 
structure. 

9. A multifunctional hard x-ray nanoprobe instrument as 
recited in claim 7 wherein said stage group for zone plate 
optics provide a three-dimensional positioning capability. 

10. A multifunctional hard x-ray nanoprobe instrument as 
recited in claim 7 wherein said stage group for zone plate 
optics includes a plurality of DC-motor driven translation 
stages. 

11. A multifunctional hard x-ray nanoprobe instrument as 
recited in claim 7 wherein said stage group for zone plate 
optics includes a piezoelectric transducer (PZT)-driven 
high-stiffness horizontal stage and a PZT-driven high-stiff­
ness vertical stage. 
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12. A multifunctional hard x-ray nanoprobe instrument as 
recited in claim 11 wherein each said PZT-driven high­
stiffness horizontal stage and vertical stage includes weak­
link parallelogram mechanisms for ultraprecision motion 
control. 

13. A multifunctional hard x-ray nanoprobe instrument as 
recited in claim 7 includes a capacitance sensor system 
including a plurality of capacitance sensors arranged to 
dynamically measure rotation axis angular and displacement 
shifts. 

14. A multifunctional hard x-ray nanoprobe instrument as 
recited in claim 13 wherein a combination of the laser 
LDDM system and said capacitance sensor system deter­
mine sample position. 

15. A multifunctional hard x-ray nanoprobe instrument as 
recited in claim 7 includes a digital signal processor (DSP). 

16. A multifunctional hard x-ray nanoprobe instrument as 
recited in claim 15 wherein said digital signal processor 
(DSP) implements a real-time closed-loop feedback tech­
nique for providing differential vibration control between 
the zone-plate optics and the sample holder. 

* * * * * 


