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INDUCTIVE POSITION SENSOR SIGNAL 
GAIN CONTROL FOR COORDINATE 
MEASURING MACHINE PROBE 

signals from the probe . A need exists for improved circuitry 
configurations and processing that can address such issues in 
CMM probes utilizing inductive type sensing configura 
tions . 

BACKGROUND 
BRIEF SUMMARY 

Technical Field 

[ 0001 ] This disclosure relates to precision metrology , and 
more particularly to coordinate measuring machine probes 
utilizing inductive type sensing configurations . 

Description of the Related Art 
[ 0002 ] Coordinate measurement machines ( CMM's ) can 
obtain measurements of inspected workpieces . One exem 
plary prior art CMM described in U.S. Pat . No. 8,438,746 , 
which is hereby incorporated herein by reference in its 
entirety , includes a probe for measuring a workpiece , a 
movement mechanism for moving the probe , and a control 
ler for controlling the movement . A CMM including a 
surface scanning probe is described in U.S. Pat . No. 7,652 , 
275 , which is hereby incorporated herein by reference in its 
entirety . As disclosed therein , a mechanical contact probe or 
an optical probe may scan across the workpiece surface . 
[ 0003 ] A CMM employing a mechanical contact probe is 
also described in U.S. Pat . No. 6,971,183 , which is hereby 
incorporated herein by reference in its entirety . The probe 
disclosed therein includes a stylus having a probe tip ( i.e. , a 
surface contact portion ) , an axial motion mechanism , and a 
rotary motion mechanism . The axial motion mechanism 
includes a moving member that allows the probe tip to move 
in a central axis direction ( also referred to as a Z direction 
or an axial direction ) of the measuring probe . The rotary 
motion mechanism includes a rotating member that allows 
the probe tip to move perpendicular to the Z direction . The 
axial motion mechanism is nested inside the rotary motion 
mechanism . The probe tip location and / or workpiece surface 
coordinates are determined based on the displacement of the 
rotating member and the axial displacement of the axial 
motion moving member . 
[ 0004 ] Inductive position detectors for stylus position 
measurements in CMM scanning probes are disclosed in 
U.S. Patent Publication Nos . 2020/0141714 and 2020 / 
0141717 , each of which is hereby incorporated herein by 
reference in its entirety . The disclosed configurations include 
rotary sensing coils and respective axial sensing coil con 
figurations . A stylus - coupled conductive disruptor moves 
along Z ( axial ) and X - Y ( rotary ) directions in a motion 
volume . A generating coil generates a changing magnetic 
flux encompassing the disruptor and coils , and coil signals 
indicate the disruptor and / or stylus position . 
[ 0005 ] In general , inductive sensing configurations in 
CMM probes may encounter various issues , such as signal / 
response non - linearities that are inherent in the displacement 
response of the system , position offsets and / or errors result 
ing from less than perfect assembly and alignment , signal 
drift due to environmental effects on mechanical and elec 
trical components ( e.g. , due to temperature changes , etc. ) , 
signal noise , etc. Such issues may present particular chal 
lenges in such systems in which it is typically desirable to 
sense the smallest possible deflections of a probe tip from 
the smallest possible signal variations . These types of issues 
may present various challenges for achieving a desired 
range , amplification , signal - to - noise ratio , etc. , for position 

[ 0006 ] This summary is provided to introduce a selection 
of concepts in a simplified form that are further described 
below in the Detailed Description . This summary is not 
intended to identify key features of the claimed subject 
matter , nor is it intended to be used as an aid in determining 
the scope of the claimed subject matter . 
[ 0007 ] A scanning probe for a coordinate measuring 
machine with inductive position sensor signal gain control is 
provided . The scanning probe includes a stylus suspension 
portion , a stylus position detection portion , and signal pro 
cessing and control circuitry . The stylus suspension portion 
is coupled to a frame of the scanning probe and includes a 
stylus coupling portion and a stylus motion mechanism . The 
stylus coupling portion is configured to be rigidly coupled to 
a stylus with a probe tip . The stylus motion mechanism is 
configured to enable axial motion of the stylus coupling 
portion along an axial direction , and rotary motion of the 
stylus coupling portion about a rotation center . 
[ 0008 ] The stylus position detection portion is arranged 
along a central axis that is parallel to the axial direction and 
nominally aligned with the rotation center , and includes : a 
field generating coil configuration comprising at least one 
field generating coil ; a top axial sensing coil configuration 
comprising at least one top axial sensing coil ; a bottom axial 
sensing coil configuration comprising at least one bottom 
axial sensing coil ; N top rotary sensing coils and N bottom 
rotary sensing coils , where N is an integer greater than 3 ; and 
a disruptor configuration . The disruptor configuration 
includes a conductive disruptor element that provides a 
disruptor area . The disruptor element is located along the 
central axis in a disruptor motion volume and the disruptor 
element is coupled to the stylus suspension portion by a 
coupling configuration . The disruptor element moves in the 
disruptor motion volume relative to an undeflected position 
in response to a deflection of the stylus suspension portion . 
The disruptor element moves over operating motion ranges 
+ / Rz - along the axial direction in response to the axial 
motion , and over respective operating motion ranges +/- Rx 
and +/- Ry along orthogonal X and Y directions that are 
orthogonal to the axial direction in response to the rotary 
motion . The field generating coil configuration generates a 
changing magnetic flux generally along the axial direction in 
the disruptor motion volume in response to a coil drive 
signal . 
[ 0009 ] The signal processing and control circuitry is oper 
ably connected to the coils of the stylus position detection 
portion to provide the coil drive signal and is configured to 
input signals comprising respective signal components pro 
vided by the respective rotary and axial sensing coils , and 
output signals indicative of an axial position and a rotary 
position of the probe tip , and for which an output signal 
change correspondingly indicates a change in at least one of 
an axial or rotary position of the probe tip . The signal 
processing and control circuitry is configured to operate over 
a plurality of operating regions , such as including a central 
high gain operating region which corresponds to a central 
high gain probe tip position range , and a first pair of lower 
gain operating regions which corresponds to respective 

a 
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lower gain probe tip position ranges , for which the central 
high gain operating region is between the operating regions 
of the first pair of lower gain operating regions . In various 
implementations , the gain of each operating region corre 
sponds to a ratio of a magnitude of output signal change to 
probe tip position change for the respective operating region 
( e.g. , for which the first pair of lower gain operating regions 
has lower respective gains than the gain of the central high 
gain operating region ) . 
[ 0010 ] In various implementations , the signal processing 
and control circuitry is configured to perform a transition 
operation in response to a determination that the probe tip 
has moved from a position in the central high gain probe tip 
position range of the central high gain operating region to a 
position in a lower gain probe tip position range of a 
respective operating region of the first pair of lower gain 
operating regions . The transition operation results in the 
signal processing and control circuitry transitioning from 
operating in the central high gain operating region with the 
high gain to operating in the respective operating region 
with the lower gain . 
[ 0011 ] In various implementations , the plurality of oper 
ating regions may further include a second pair of lower gain 
operating regions which corresponds to respective lower 
gain probe tip position ranges , and for which the operating 
regions of the first pair of lower gain operating regions may 
be between the operating regions of the second pair of lower 
gain operating regions , and for which the second pair of 
lower gain operating regions has lower respective gains than 
the gains of the first pair of lower gain operating regions . 
The signal processing and control circuitry may correspond 
ingly be further configured to perform a transition operation 
in response to a determination that the probe tip has moved 
to a position in a lower gain probe tip position range of a 
respective operating region of the second pair of lower gain 
operating regions , the transition operation resulting in the 
signal processing and control circuitry transitioning to oper 
ating in the respective operating region of the second pair of 
lower gain operating regions with the lower gain . 
[ 0012 ] In various implementations , the plurality of oper 
ating regions may further include a pair of saturation oper 
ating regions which corresponds to respective saturation 
probe tip position ranges , wherein the second pair of lower 
gain operating regions is between the pair of saturation 
operating regions , and the pair of saturation operating 
regions corresponds to a saturation state in which nominally 
no output signal change results from probe tip position 
change and for which there is nominally no corresponding 
gain . In various implementations , the signal processing and 
control circuitry may include one or more amplifiers con 
figured to amplify signals from coils of the stylus position 
detection portion , and for which the saturation state corre 
sponds to a saturation of at least one of the one or more 
amplifiers . 
[ 0013 ] In various implementations , the central high gain 
operating region which corresponds to the central high gain 
probe tip position range also corresponds to a central high 
gain element position range , which corresponds to an angu 
lar position range of the disruptor element , and which is 
configured to be utilized in combination with a stylus of a 
first stylus length . In such a configuration , for a stylus of a 
second stylus length , the central high gain element position 
range may be configured to be modified to be at least one of : 
shorter , as configured to be utilized with a second stylus 

length that is longer than the first stylus length ; or longer , as 
configured to be utilized with a second stylus length that is 
shorter than the first stylus length . 
[ 0014 ] In various implementations , the signal processing 
and control circuitry is further configured to perform a 
zeroing operation to adjust a zero position of the central high 
gain operating region . In various implementations , the signal 
processing and control circuitry is further configured to have 
at least a position range of the central high gain operating 
region increased to at least one of : encompass manufactur 
ing tolerances during factory calibration ; or encompass 
variations that may occur due to an orientation of the 
scanning probe during measurement operations . 
[ 0015 ] In various implementations , the transition opera 
tion comprises reducing a power of the field generating coil 
configuration so as to reduce the ratio of the magnitude of 
output signal change to probe tip position change so as to 
correspond to the lower gain . In various implementations , 
reducing the power of the field generating coil comprises 
reducing the coil drive signal . 
[ 0016 ] In various implementations , the signal processing 
and control circuitry comprises one or more variable gain 
amplifiers configured to amplify signals from coils of the 
stylus position detection portion , and the transition operation 
comprises reducing a gain of the one or more variable gain 
amplifiers so as to reduce the ratio of the magnitude of 
output signal change to probe tip position change so as to 
correspond to the lower gain . 
[ 0017 ] In various implementations , the transition opera 
tion comprises altering a characteristic of one or more of the 
rotary sensing coils so as to reduce the ratio of the magnitude 
of output signal change to probe tip position change so as to 
correspond to the lower gain . In various implementations , 
the altering of the characteristic of the one or more rotary 
sensing coils comprises utilizing at least one of a relay or 
switch to effectively decrease the operating size of the one 
or more rotary sensing coils . 
[ 0018 ] In various implementations , the signal processing 
and control circuitry comprises one or more analog to digital 
converters configured to convert analog signals from coils of 
the stylus position detection portion to digital signals , and 
the transition operation comprises altering an input range of 
the one or more analog to digital converters so as to reduce 
the ratio of the magnitude of output signal change to probe 
tip position change so as to correspond to the lower gain . 
[ 0019 ] In various implementations , the determination that 
the probe tip has moved from a position in the central high 
gain probe tip position range to a position in the respective 
lower gain probe tip position range is made in accordance 
with an analysis of a position sample which comprises 
signals from coils of the stylus position detection . In various 
implementations , after the determination is made that the 
probe tip has moved into the respective lower gain probe tip 
position range as based on the analysis of the corresponding 
position sample , and after the transition operation has cor 
respondingly been performed to lower the gain , a new 
position sample is obtained and is utilized to indicate the 
probe tip position instead of the position sample that was 
obtained before the transition operation was performed to 
lower the gain . 
[ 0020 ] In various implementations , a method is provided 
including determining three - dimensional position informa 
tion based on inductive sensing signals generated by the 
scanning probe as the scanning probe is moved along a 
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[ 0031 ] FIG . 12 is a diagram illustrating a process in which 
a range of a central high gain operating region is increased ; 
[ 0032 ] FIG . 13 is a flow diagram illustrating an exemplary 
implementation of a routine for determining and transmit 
ting a position sample ; and 
[ 0033 ] FIG . 14 is a flow diagram illustrating an exemplary 
implementation of a routine for operating a scanning probe . 

a 

DETAILED DESCRIPTION 

surface of a workpiece . In various implementations , the 
determining of the three - dimensional position information 
based on inductive sensing signals generated by the scan 
ning probe comprises : providing the coil drive signal ; input 
ting signals comprising respective signal components pro 
vided by the respective rotary and axial sensing coils ; 
outputting signals indicative of an axial position and a rotary 
position of the probe tip , and for which an output signal 
change correspondingly indicates a change in at least one of 
an axial or rotary position of the probe tip , and for which the 
three - dimensional position information is determined based 
on the output signals ; and based on an indicated position of 
the probe tip , determining if a transition should be made 
from a central high gain operating region to a lower gain 
operating region ; and performing a transition operation in 
response to a determination that a transition should be made 
from the central high gain operating region to a lower gain 
operating region , the transition operation resulting in tran 
sitioning from operating in the central high gain operating 
region with the high gain to operating in the respective lower 
gain operating region with the lower gain . 
[ 0021 ] In various implementations , the central high gain 
operating region which corresponds to the central high gain 
probe tip position range also corresponds to a central high 
gain element position range , which corresponds to an angu 
lar position range of the disruptor element , and is configured 
to be utilized in combination with a stylus of a first stylus 
length , and the method further comprises modifying the 
central high gain element position range based on a deter 
mination that a stylus of a second length that is different than 
the first length has been coupled to the stylus coupling 
portion . 
[ 0022 ] In various implementations the scanning probe is 
included in a system with a drive mechanism and an 
attachment portion that attaches the scanning probe to the 
drive mechanism . 

a 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

[ 0034 ] FIG . 1 is a diagram showing various typical com 
ponents of a measuring system 100 including a CMM 200 
utilizing a scanning probe 300 such as that disclosed herein . 
The measuring system 100 includes an operating unit 110 , a 
motion controller 115 that controls movements of the CMM 
200 , a host computer 120 , and the CMM 200. The operating 
unit 110 is coupled to the motion controller 115 and may 
include joysticks 111 for manually operating the CMM 200 . 
The host computer 120 is coupled to the motion controller 
115 and operates the CMM 200 and processes measurement 
data for a workpiece W. The host computer 120 includes 
input means 125 ( e.g. , a keyboard , etc. ) for inputting , for 
example , measurement conditions , and output means 130 
( e.g. , a display , printer , etc. ) for outputting , for example , 
measurement results . 
[ 0035 ] The CMM 200 includes a drive mechanism 220 
which is located on a surface plate 210 , and an attachment 
portion 224 for attaching the scanning probe 300 to the drive 
mechanism 220. The drive mechanism 220 includes X axis , 
Y axis , and Z axis slide mechanisms 222 , 221 , and 223 , 
respectively , for moving the scanning probe 300 three 
dimensionally . A stylus 306 attached to the end of the 
scanning probe 300 includes a probe tip 348 ( e.g. , which 
may also or alternatively be referenced as a contact portion 
348 ) . As will be described in more detail below , the stylus 
306 is attached to a stylus suspension portion of the scanning 
probe 300 , which allows the probe tip 348 to freely change 
its position in three directions when the probe tip 348 moves 
along a measurement path on the surface of the workpiece 
W. 
[ 0036 ] FIG . 2 is a block diagram showing various ele 
ments of a scanning probe 300 as coupled to a CMM 200 and 
providing rotary ( e.g. , X , Y ) and axial ( e.g. , Z ) position 
signals . The scanning probe 300 includes a probe main body 
302 ( e.g. , comprising a frame ) which incorporates a stylus 
suspension portion 307 and a stylus position detection 
portion 311. The stylus suspension portion 307 includes a 
stylus coupling portion 342 and a stylus motion mechanism 
309. The stylus coupling portion 342 is rigidly coupled to a 
stylus 306. The stylus motion mechanism 309 is configured 
to enable axial motion of the stylus coupling portion 342 and 
attached stylus 306 along an axial direction , and to enable 
rotary motion of the stylus coupling portion 342 and 
attached stylus 306 about a rotation center , as will be 
described in more detail below with respect to FIGS . 3 and 
4. Signal processing and control circuitry 380 included in the 
scanning probe 300 is connected to and governs the opera 
tion of the stylus position detection portion 311 , and may 
perform related signal processing , all as described in greater 
detail below . 
[ 0037 ] As shown in FIG . 2 , the stylus position detection 
portion 311 uses inductive sensing principles and includes a 
receiver coil portion 370 , a field generating coil configura 
tion 360 , and a disruptor element 351 ( which may be part of 
a disruptor configuration 350 , which may include a plurality 

[ 0023 ] FIG . 1 is a diagram showing various typical com 
ponents of a measuring system including a CMM utilizing a 
scanning probe such as that disclosed herein ; 
[ 0024 ] FIG . 2 is a block diagram showing various ele 
ments of a scanning probe as coupled to a CMM and 
providing rotary and axial position signals ; 
[ 0025 ] FIG . 3 is a diagram showing portions of a first 
exemplary implementation of a stylus suspension portion as 
coupled to a stylus and a first exemplary implementation of 
a stylus position detection portion for detecting the position 
of the stylus suspension portion ; 
[ 0026 ] FIG . 4 is a diagram showing a cross section of one 
implementation of the stylus suspension portion of FIG . 3 as 
included within a main body frame of a scanning probe ; 
[ 0027 ] FIG . 5 is a partially schematic isometric diagram of 
an alternative implementation of the stylus position detec 
tion portion shown in FIGS . 3 and 4 ; 
[ 0028 ] FIG . 6 is a partially schematic isometric diagram of 
certain elements of the stylus position detection portion 
shown in FIG . 5 ; 
[ 0029 ] FIGS . 7-10 are diagrams of graphs illustrating 
examples of operating regions with different gain adjust 
ments ; 
[ 0030 ] FIG . 11 is a diagram illustrating a process for 
performing a zeroing operation ; 
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of parts in some implementations ) . The receiver coil portion 
370 may comprise a rotary sensing coil portion ( also 
referred to as rotary sensing coils ) RSC and an axial sensing 
coil configuration ASCC . Briefly , the moving disruptor 
element 351 ( or more generally , the disruptor configuration 
350 ) causes position - dependent variations in a changing 
magnetic field generated by the field generating coil con 
figuration 360. The receiver coil portion 370 is responsive to 
the changing magnetic field and the variations therein 
caused by the disruptor element 351. In particular , the rotary 
sensing coil portion RSC outputs at least first and second 
rotary signal components RSigs that are indicative of the 
rotary position ( e.g. , X and Y position signals ) of the stylus 
coupling portion 342 over corresponding signal lines , and 
the axial sensing coil configuration ASCC outputs one or 
more axial signal components ASigs that is indicative of the 
axial position ( e.g. , a Z position signal ) of the stylus cou 
pling portion 342 over corresponding signal lines , as 
described in greater detail below with reference to FIGS . 3 , 
5 and 6 , for example . In various implementations , the signal 
processing and control circuitry 380 receives the rotary 
signal components RSigs and the axial signal components 
ASigs , and may perform various levels of related signal 
processing in various implementations . For example , in one 
implementation , the signal processing and control circuitry 
380 may cause the signal components from various receiver 
coils to be combined and / or processed in various relation 
ships , and provide the results in a desired output format as 
the rotary and axial position signal outputs RPSOut and 
APSOut , through the attachment portion 224. One or more 
receiving portions ( e.g. , in the CMM 200 , motion controller 
115 , host computer 120 , etc. ) may receive the rotary and 
axial position signal outputs RPSOut and APSOut , and one 
or more associated processing and control portions may be 
utilized to determine a three - dimensional position of the 
stylus coupling portion 342 and / or of the probe tip of the 
attached stylus 306 as its probe tip 348 moves along a 
surface of a workpiece W that is being measured . 
[ 0038 ] FIG . 3 is partially schematic diagram showing 
portions of a first exemplary implementation of a schemati 
cally represented stylus suspension portion 407 as coupled 
to a stylus 406 , along with a partially schematic cross 
section of a first exemplary implementation of a stylus 
position detection portion 411 for detecting the position of 
the stylus suspension portion 407 and / or the stylus 406. It 
will be appreciated that certain numbered components 4XX 
of FIG . 3 may correspond to and / or have similar operations 
as similarly numbered counterpart components 3XX of FIG . 
2 , and may be understood by analogy thereto and as other 
wise described below . This numbering scheme to indicate 
elements having analogous design and / or function is also 
applied to the following FIGS . 4-12 . As shown in FIG . 3 , the 
stylus suspension portion 407 includes a stylus motion 
mechanism 409 and a stylus coupling portion 442. The 
stylus coupling portion 442 is configured to be rigidly 
coupled to a stylus 406 which has a probe tip 448 for 
contacting a surface S of a workpiece W ( not shown ) . 
[ 0039 ] As will be described in more detail below with 
respect to FIG . 4 , the stylus motion mechanism 409 is 
attached to a frame of the scanning probe , and is configured 
to enable axial and rotary motion of the stylus coupling 
portion 442 and attached stylus 406 so that the probe tip 448 
can change its position in three directions along the shape of 
the surface S. For purposes of illustration , the vertical and 

horizontal directions on the plane of paper in FIG . 3 are 
defined as Z and Y directions , respectively , and the perpen 
dicular direction to the plane of the paper is defined as the 
X direction . The direction of a central axis CA , also referred 
to as the axial direction , of the measuring probe 300 coin 
cides with the Z direction in this illustration . 
[ 0040 ] In FIG . 3 , rotary motion portions of the stylus 
motion mechanism 409 are represented , including a rotating 
member 436 , a flexure element 440 , and a moving member 
412 disposed within the rotating member 436. As will be 
described in more detail below with respect to FIG . 4 , the 
flexure element 440 enables rotary motion of the rotating 
member 436 about a rotation center RC . As will be described 
in more detail below , in various implementations rotary 
sensing coils TRSCi and BRSCi ( where i is an index integer 
which identifies specific coils ) and stylus position detection 
portion 411 are able to sense the rotated position of the 
disruptor element 451 and thereby the rotated position of the 
moving member 412 ( e.g. , in X and Y directions ) , and the 
axial sensing coil configurations ( also referred to as the axial 
sensing coils ) TASCC and BASCC are able to sense the 
axial position of the disruptor element 451 and thereby the 
axial position of the moving member 412 ( e.g. , in the Z 
direction ) 
[ 0041 ] As shown in FIG . 3 , a first exemplary implemen 
tation of a stylus position detection portion 411 includes a 
disruptor element 451 ( or more generally a disruptor con 
figuration 450 ) that is coupled to the moving member 412 
and which moves relative to the scanning probe frame ( e.g. , 
wherein the frame is included as part of the scanning probe 
body , etc. ) , within a disruptor motion volume MV located 
between the top and bottom coil substrates 471T and 471B , 
respectively . As shown in FIG . 3 , the moving member 412 
extends through and moves in a hole 472 located along the 
central axis CA in a bottom coil substrate 471B . The 
attached disruptor element 451 moves in the disruptor 
motion volume MV relative to an undeflected position 
UNDF ( e.g. , which may also correspond to a zero or 
reference position ) in response to a deflection of the stylus 
suspension portion 407 and the moving member 412 . 
[ 0042 ] Various other components of the stylus position 
detection portion 411 ( e.g. , the receiver coil portion 470 and 
the field generating coil configuration 460 ) , may be fixed 
relative to the frame unless otherwise indicated . In the 
implementation shown in FIG . 3 , the field generating coil 
configuration 460 comprises a single planar field generating 
coil 461 that is located approximately at a midplane of the 
disruptor motion volume MV and that is nominally planar 
and orthogonal to the central axis CA. As previously out 
lined with reference to FIG . 2 , the receiver coil portion 470 
may generally comprise a rotary sensing coil portion ( also 
referred to as rotary sensing coils ) RSC and an axial sensing 
coil configuration ASCC . The rotary position detection 
configuration RSC generally includes top rotary sensing 
coils TRSCi and bottom rotary sensing coils BRSCI . In the 
cross section shown in FIG . 3 , only two top rotary sensing 
coils TRSC1 and TRSC2 , and two bottom rotary sensing 
coils BRSC1 and BRSC2 , are shown . These rotary sensing 
coils may provide signal components indicative of the 
position of the disruptor element 451 along the Y direction . 
In particular , their signal components vary depending on an 
amount of displacement AY of the disruptor element 451 
along the Y direction , and are therefore indicative of the 
amount of displacement AY . The displacement AY deter 

a a 
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where hs is the distance from the end of the stylus coupling 
portion 442 to the rotation center RC , and I , is the length of 
the stylus 406. Combining EQUATIONS 1 and 2 , the ratio 
of the displacement AY of the disruptor element 451 in 
relation to the Y direction displacement at the probe tip 448 
may be approximated as : 

AYAYSTYLUS = H / ( hs + Is ) ( Eq . 3 ) 

a 

It will be appreciated that the X coordinate motion compo 
nents are analogous to the above expressions , and will not be 
explained in further detail herein . The stylus length Is for 
various styli may be utilized in the equations ( e.g. , with 
respect to the trigonometry of the system ) for determining 
the X - Y position of the probe tip 448 based on the signals 
from the rotary sensing coils RSC ( i.e. , as indicating the X - Y 
position of the disruptor element 451 ) . Regarding the Z 
coordinate displacement or position component , a displace 
ment AZ ( not shown ) of the disruptor element 451 along the 
axial or Z direction away from null ( e.g. , corresponding to 
the undeflected position UNDF ) , in relation to the Z direc 
tion displacement AZSTYLUS at a stylus contact portion ( e.g. , 
the probe tip 448 ) may be approximated as : 

AZ / AZSTYLUS1 ( Eq . 4 ) 

mines an associated amount of “ overlap ” between the dis 
ruptor element 451 and the various rotary sensing coils 
TRSCi and BRSCi , and thereby their amount of coupling to 
the changing magnetic field generated by the field generat 
ing coil 461 ( which determines the resultant signal compo 
nents ) . Other rotary sensing coils ( not shown ) may provide 
signal components which are indicative of the position of the 
disruptor element 451 along the X axis direction . 
[ 0043 ] The axial sensing coil configuration ASCC gener 
ally includes a top axial sensing coil configuration TASCC 
and a bottom axial sensing coil configuration BASCC . In the 
implementation shown in FIG . 3 , the top axial sensing coil 
configuration TASCC comprises a single top axial sensing 
coil that at least partially surrounds the central axis CA , and 
the at least one bottom axial sensing coil comprises a single 
bottom axial sensing coil that at least partially surrounds the 
central axis CA , as shown . These axial sensing coils are 
always completely " overlapped ” by the disruptor element 
451 , in this particular example embodiment . Therefore , their 
signal components are nominally only responsive to the 
position of the disruptor element 451 along the axial or Z 
direction , and are indicative of the position of the disruptor 
element 451 along the Z direction . The generation of various 
signal components is described in greater detail below with 
reference to FIGS . 5 and 6 . 

[ 0044 ] Similar to operations previously outlined with ref 
erence to FIG . 2 , in operation the moving disruptor element 
451 causes position - dependent local variations in a changing 
magnetic field along the axial direction generated by the 
field generating coil 461. The receiver coil portion 470 is 
responsive to the changing magnetic field and the variations 
therein caused by the disruptor element 451 , and outputs the 
rotary signal components RSigs and the axial signal com 
ponents ASigs that may be processed to determine the rotary 
position of the disruptor element 451 ( e.g. , a Y and X 
position , and corresponding signals ) and its axial position 
( e.g. , a Z position ) , as previously outlined with reference to 
FIG . 2 , and as described in detail further below . It will be 
appreciated that the position of the disruptor element 451 is 
related by a known geometry to the position of the stylus 
coupling portion 442 and / or its probe tip 448 , such that 
signals / positions that are indicative of one of the positions 
are also indicative of the other positions . For example , for 
small rotation angles , for the illustrated movement or dis 
placement AY of the disruptor element 451 along the Y 
direction away from null ( e.g. , from the undeflected position 
UNDF ) : 

[ 0045 ] FIG . 4 is a partially schematic diagram showing a 
cross section of one implementation of a stylus suspension 
portion 407 ' usable as the stylus suspension portion 407 
represented in FIG . 3 , as well as one implementation of a 
stylus position detection portion 511 that is similar to the 
stylus position detection portion 411 shown in FIG . 3 , and 
signal processing and control circuitry 480. The foregoing 
elements are shown as included within a frame 408 of a 
probe main body 402 of a scanning probe 400. The sub 
strates 5711 , 571B , and the field generating coil 561 or its 
substrate ( e.g. , printed circuit type substrates ) of the stylus 
position detection portion 511 may be positioned for proper 
operation in the scanning probe 400 using alignment and 
mounting portions 417 , or other known techniques . Various 
signal connections associated with the stylus position detec 
tion portion 511 may be provided by connectors ( e.g. , flex 
print and / or wire connections ) 419 , or the like , according to 
known techniques . In some implementations , some or all of 
the signal processing and control circuitry 480 may be 
provided as a separate circuit assembly as represented in 
FIG . 4. In other implementations , some or all of the signal 
processing and control circuitry 480 may be combined on 
the substrates of the stylus position detection portion 511 , if 
desired . 
[ 0046 ] As shown in FIG . 4 , the stylus suspension portion 
407 ' includes a stylus motion mechanism 409 and a stylus 
coupling portion 442 which is coupled to a stylus 406. The 
stylus motion mechanism 409 may include a moving mem 
ber 412 , a rotating member 436 , a flexure element 440 
coupled to the main body frame 408 for supporting and 
enabling rotary motion of the rotating member 436 , and 
flexure elements 414 and 415 ( i.e. , referenced as first flexure 
elements ) supporting the moving member 412 and coupling 
it to the rotating member 436 for enabling axial motion of 
the moving member 412. The scanning probe 400 includes 
the stylus position detection portion 511 having components 
and operation described in greater detail below with refer 
ence to FIG . 5 , for determining the position and / or motion 
of the stylus motion mechanism 409 and / or the probe tip 448 
of the stylus 406 . 

AY = HOy ( Eq . 1 ) 

where H is the distance from the rotation center RC to the 
nominal plane of the disruptor element 451 , and Oy is the 
rotary motion tilt of the rotating member 436 ( and the 
moving member 412 ) in a plane parallel to the Y direction 
( i.e. , that is , rotation about an axis parallel to the X axis at 
the rotation center RC ) . If a larger rotation angle is used in 
various implementations , an analogous expression that is 
accurate for larger rotation angles may be used , as is known 
in the art . The Y direction movement or displacement 
YSTYLUS away from null ( e.g. , corresponding to the unde 
flected position UNDF ) of the probe tip 448 of the stylus 406 
in relation to the rotary motion tilt component Oy may be 
approximated as : 

AYSTYLUS = Oy * ( hs + Is ) ( Eq . 2 ) 
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[ 0047 ] The flexure element 440 ( i.e. , referenced as a 
second flexure element ) may be disposed between the 
respective planes of a pair of flexure elements 414 and 415 
( i.e. , referenced as first flexure elements ) in the axial direc 
tion O. Flexure designs suitable for the flexure elements 414 , 
415 and 440 may be determined according to principles 
known in the art . For example , one possible implementation 
is illustrated in U.S. Pat . No. 9,791,262 , which is hereby 
incorporated herein by reference in its entirety . The rotating 
member 436 may have a shape symmetric about the second 
flexure element 440 and may integrally include : two ring 
portions 436A ; two connecting portions 436B ; and a cylin 
drical portion 436C . Peripheral portions of the first flexure 
elements 414 and 415 are fixed to the ring portions 436A . 
The connecting portions 436B extend inside of the ring 
portions 436A so as to connect to the cylindrical portion 
436C , which has a hollow center . The first flexure elements 
414 and 415 may be disposed at a symmetric distance with 
respect to the second flexure element 440 , although such an 
implementation is exemplary only and not limiting . 
[ 0048 ] An axial motion mechanism 410 including the 
moving member 412 is supported inside of the rotating 
member 436 , and the rotating member 436 and the axial 
motion mechanism 410 together constitute a motion module 
that is part of the stylus motion mechanism 409. The axial 
motion mechanism 410 allows the probe tip 448 to move in 
the axial direction O. The rotary motion mechanism 434 
including the rotating member 436 allows the probe tip 448 
of the stylus 406 to move transverse ( e.g. , approximately 
perpendicular ) to the axial direction O by means of rotary 
motion about the rotation center RC . 
[ 0049 ] The moving member 412 integrally includes : a 
lower portion 412A ; a rod portion 412B ; and an upper 
portion 412C . As previously outlined with reference to FIG . 
3 , and described in more detail below with respect to the 
stylus position detection portion 511 shown in FIG . 5 , the 
disruptor element 551 that is attached to the upper portion 
412C of the moving member 412 functions as both a rotary 
and axial position indicating element . The rod portion 412B 
is disposed between the pair of first flexure elements 414 and 
415. The rod portion 4126 is housed in the rotating member 
436. The lower portion 412A is formed below the rod 
portion 412B and a stylus coupling portion 442 ( e.g. , a 
flange member ) is attached to the lower portion 412A . A 
flange part 444 is provided for attachment of the stylus 406 . 
The flange part 444 and the stylus coupling portion 442 
together may constitute a detachable coupling mechanism 
( e.g. , a known type of kinematic joint or coupling ) which 
allows attachment and detachment between various styli 406 
and the stylus coupling portion 442 with repeatable posi 
tioning ( e.g. , in the case of a collision knocking off a stylus , 
or when intentionally changing styli ) . 
[ 0050 ] FIG . 5 is a partially schematic isometric diagram of 
an implementation of a stylus position detection portion 511 ' 
that is similar to a stylus position detection portion 511 
shown in FIG . 4 , emphasizing certain aspects . The stylus 
position detection portions 511 ' and 511 are similar except 
for a difference in the field generating coil configuration 560 , 
as explained further below . In general , the stylus position 
detection portion 511 ' includes certain components that are 
similar to those of the stylus position detection portions 311 , 
411 and 511 of FIGS . 2 , 3 and 4 , and will be understood to 
operate similarly except as otherwise described below . 

[ 0051 ] In the implementation shown in FIG . 5 , the stylus 
position detection portion 511 ' comprises the receiver coil 
portion 570 , the disruptor configuration 550 comprising the 
disruptor element 551 , and the field generating coil configu 
ration 560. In various implementations , disruptor element 
551 ( or more generally the disruptor configuration 550 ) may 
comprise a conductive plate or conductive loop , or parallel 
conductive plates or conductive loops ( e.g. , as fabricated on 
two sides of a printed circuit substrate , patterned by printed 
circuit board fabrication techniques ) , or any other desired 
operational configuration that provides a disruptor area ( e.g. , 
its interior area ) . The disruptor element 551 is located along 
the central axis CA in the disruptor motion volume MV 
between the top and bottom coil substrates 571T and 571B 
and is coupled to the stylus suspension portion 507 by a 
coupling configuration ( e.g. , comprising the moving mem 
ber 512 ) . For purposes of explanation , the disruptor element 
551 may be described as moving relative to the undeflected 
position illustrated in FIG . 5 ( see the undeflected position 
UNDF , in FIG . 3 ) in response to a deflection of the stylus 
suspension portion 507 and / or the stylus 506 and / or the 
moving member 512. The disruptor element may be 
described as moving with displacement increments AZ over 
an operating motion range +/- Rz along the axial direction in 
response to axial motion , and with displacement increments 
AX and AY over respective operating motion ranges +/- Rx 
and +/- Ry along orthogonal X and Y directions that are 
orthogonal to the axial direction ( Z direction ) in response to 
rotary motion . The specified or expected operating motion 
ranges are described in greater detail below . 
[ 0052 ] The receiver coil portion 570 may comprise the 
planar top coil substrate 571T including N top rotary sensing 
coils TRSC ( e.g. , TRSC1 - TRSC4 , where N = 4 ) and a top 
axial sensing coil configuration TASCC ( e.g. , comprising 
the single illustrated individual coil in this implementation ) , 
and a planar bottom coil substrate 571B including N bottom 
rotary sensing coils BRSC ( e.g. , BRSC1 - BRSC4 , where 
N = 4 ) and a bottom axial sensing coil configuration BASCC 
( e.g. , comprising the single illustrated individual coil in this 
implementation ) . The top and bottom coil substrates 571T 
and 571B are mounted in a fixed relationship to the frame of 
the scanning probe with the bottom coil substrate closer to 
the stylus 506 and / or the stylus suspension portion 507. The 
top and bottom coil substrates 571T and 571B may be 
nominally parallel to one another and nominally orthogonal 
to the central axis CA , and are spaced apart along the central 
axis CA with the disruptor motion volume MV located 
therebetween . It should be appreciated that although the 
various sensing coils shown in FIG . 5 are represented by 
“ closed loops ” for simplicity of illustration , all coils com 
prise windings or conductors that have first and second 
connection ends ( e.g. , as represented in FIG . 6 ) that are 
configured to operate as one or more inductively coupled 
" turns " . 
[ 0053 ] The field generating coil configuration ( e.g. , the 
field generating coil configuration 560 ) generally comprises 
at least a first field generating coil that is located proximate 
to the disruptor motion volume MV and that is nominally 
planar and orthogonal to the central axis CA. In contrast to 
the single planar field generating coil 461 in the implemen 
tation shown in FIG . 3 ( which is located approximately at a 
midplane of the disruptor motion volume MV ) , in the 
implementation shown in FIG . 5 , the field generating coil 
configuration 560 comprises a pair of planar field generating 
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portion , if needed , in order to fulfill this requirement . In this 
way , the signal components generated in the top and bottom 
axial sensing coil configurations TASCC and BASCC are 
nominally independent of the rotary motion ( that is the 
position of the disruptor element 551 along the X and Y 
directions ) , and are nominally sensitive only to variations in 
" proximity ” or gap to the disruptor element 551 , which 
varies depending on the axial ( Z ) position or displacement 
AZ of the disruptor element 551. In operation , currents 
induced in the disruptor element 551 by the changing 
magnetic field of the field generating configuration 560 
cause opposing magnetic fields . Generally speaking , as the 
disruptor element 551 moves upward along the axial ( Z ) 
direction in FIG . 5 , the opposing magnetic fields couple 
more strongly to the top axial sensing coil configurations 
TASCC , reducing its signal component that arises from the 
changing magnetic field . Conversely , the opposing magnetic 
fields couple more weakly to the bottom axial sensing coil 
configurations BASCC , increasing its signal component that 
arises from the changing magnetic field . By a convention 
used in this disclosure , we may refer to a signal component 
SIGTASCC as the signal component arising from a particu 
lar top axial sensing coil configuration ( or coil ) TASCC , and 
SO on . 

coils 561T and 561B ( located on the top and bottom coil 
substrates 571T and 571B , respectively ) that is approxi 
mately equidistant from a midplane of the disruptor motion 
volume MV along the central axis CA , and that are nomi 
nally planar and orthogonal to the central axis CA. Generally 
speaking , either of the field generating coil configurations 
460 or 560 may be used with the receiver coil portion 570 . 
In certain implementations , it may be desirable that the field 
generating coil configuration comprises at least a first field 
generating coil that is configured such that a projection of its 
coil area along the axial direction ( Z direction ) encompasses 
the conductive plate or loop that provides the disruptor area 
of the disruptor configuration 560 ( e.g. , of the disruptor 
element 551 ) and a coil area of all the rotary and axial 
sensing coils RSCi and ASCC located on the top and bottom 
coil substrates 571T and 571B . In general , the field gener 
ating coil configuration is configured to generate a changing 
magnetic flux generally along the axial direction in the 
disruptor motion volume MV in response to a coil drive 
signal , as desired for operation of the stylus position detec 
tion portion 511 ' . It should be appreciated that , although the 
various field generating coils shown in FIG . 5 are repre 
sented by a single " closed loop ” comprising a wide flat 
conductive trace ( the edges of which are shown ) for sim 
plicity of illustration , in an actual device all coils comprise 
windings or conductors that have first and second connec 
tion ends ( e.g. , as represented in FIG . 6 ) , and are configured 
to operate as one or more field generating “ turns ” . 
[ 0054 ] As illustrated in FIG . 5 , a projection of the disrup 
tor element 551 along the axial direction ( e.g. , as shown by 
fine dashed lines PRJ in FIG . 5 ) through an interior coil area 
of the top axial sensing coil configuration TASCC defines a 
top axial sensing overlap area TASOA ( indicated by a dot 
pattern filling that interior coil area ) , and a projection of the 
disruptor element 551 along the axial direction through an 
interior coil area of the bottom axial sensing coil configu 
ration BASCC defines a bottom axial sensing overlap area 
BASOA ( indicated by a dot pattern filling that interior coil 
area ) . Similarly , a projection of the disruptor element 551 
along the axial direction through an interior coil area of any 
respective top rotary sensing coil TRSCi ( e.g. , TRSC1 
TRSC4 ) defines a respective top rotary coil sensing overlap 
area TRSCOAi ( e.g. , TRSCOA1 - TRSCOA4 ) , as indicated 
by a dot pattern filling the various respective overlap areas 
shown in FIG . 5 , where i is an individual coil identification 
index in the range 1 to N. A projection of the disruptor 
element 551 along the axial direction through an interior coil 
area of any respective bottom rotary sensing coil BRSCi 
( e.g. , BRSC1 - BRSC4 ) defines a respective bottom rotary 
coil sensing overlap area BRSCOAi ( e.g. , TRSCOA1 - TR 
SCOA4 ) , as indicated by a dot pattern filling the various 
respective overlap areas shown in FIG . 5 . 
[ 0055 ] Regarding axial position detection in a stylus posi 
tion detection portion ( e.g. , 511 ' ) , the receiver coil portion 
( e.g. , 570 ) and the disruptor element ( e.g. , 551 ) are generally 
configured to provide a top axial sensing overlap area 
TASOA and bottom axial sensing overlap area BASOA 
wherein an amount of each of the overlap areas TASOA and 
BASOA is unchanged or independent of the position of the 
disruptor element 551 within operating motion ranges 
+/- Rz , +/- Rx , and +/- Ry . It will be appreciated that , for a 
particular scanning probe , the operating motion ranges may 
be prescribed or specified in combination with the configu 
ration of the probe's particular stylus position detection 

a 

[ 0056 ] It will be appreciated that at the undeflected posi 
tion UNDF , the net signal components SIGTASCC and 
SIGBASCC may be approximately balanced . For small 
displacements AZ , such as those expected in operation , the 
net signal components SIGTASCC and SIGBASCC may 
vary approximately linearly , and inversely compared to one 
another . In one implementation , an axial displacement or 
position AZ may be indicated by , or correspond to , the signal 
relationship : 

AZ = function of [ ( SIGBASCC - SIGTASCC ) / 
( SIGBASCC + SIGTASCC ) ] ( Eq . 5 ) 

[ 0057 ] This signal relationship is exemplary only , and not 
limiting . In various implementations , this signal relationship 
may be adjusted or compensated by additional calibration or 
signal processing operations , including operations that 
reduce the effects of geometric and / or signal cross - coupling 
between various displacement directions or signal compo 
nents , if desired . In various implementations , the top axial 
sensing coil configuration may comprise at least one top 
axial sensing coil that is not one of the N top rotary sensing 
coils and that is arranged closer to the central axis than the 
top rotary sensing coils , and the at least one top axial sensing 
coil and the disruptor element are characterized in that the at 
least one top axial sensing coil has an interior coil area that 
is smaller than the disruptor element , and a projection of the 
disruptor element along the axial direction completely fills 
the interior coil area of the at least one top axial sensing coil 
for any position of the disruptor element within the operat 
ing motion ranges +/- Rz , +/- Rx , and +/- Ry , whereby the 
top axial sensing overlap area TASOA is unchanged by the 
position of the disruptor element . Similarly , in various such 
implementations , the bottom axial sensing coil configuration 
may comprise at least one bottom axial sensing coil that is 
not one of the N bottom rotary sensing coils and that is 
arranged closer to the central axis than the bottom rotary 
sensing coils , and the at least one bottom axial sensing coil 
and the disruptor element are characterized in that the at 
least one bottom axial sensing coil has an interior coil area 
that is smaller than the disruptor element and a projection of 
the disruptor element along the axial direction completely 
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fills the interior coil area of the at least one bottom axial 
sensing coil for any position of the disruptor element within 
the operating motion ranges +/- Rz , +/- Rx , and +/- Ry , 
whereby the bottom axial sensing overlap area TASOA is 
unchanged by the position of the disruptor element . It may 
be seen that the particular implementation of the stylus 
position detection portion 511 ' shown in FIG . 5 , wherein the 
top axial sensing coil configuration TASCC and the bottom 
axial sensing coil configuration BASCC each comprise a 
single sensing coil , conforms to this description . It will be 
appreciated that various configurations of the top and bottom 
axial sensing coil configurations TASCC and BASCC may 
be used , and the particular configurations shown in FIG . 5 
are exemplary only and not limiting . 
[ 0058 ] Regarding rotary position detection in a stylus 
position detection portion ( e.g. , 511 ' ) , the receiver coil 
portion ( e.g. , 570 ) and the disruptor element ( e.g. , 551 ) are 
generally configured to provide N complementary pairs of 
rotary sensing coils CPi ( e.g. , CP1 - CP4 , where N = 4 ) that 
each comprise a top rotary sensing coil TRSCi and a bottom 
rotary sensing coil BRSCi , wherein for any complementary 
pair CPi , and for any disruptor element displacement incre 
ment within the operating motion ranges +/- Rz , +/- Rx , and 
+/- Ry , the magnitude of the change in overlap areas TRS 
COAi and BRSCOAi associated with that disruptor dis 
placement increment is nominally the same in that comple 
mentary pair . It will be appreciated that for a particular 
scanning probe the operating motion ranges may be pre 
scribed or specified in combination with the configuration of 
its particular stylus position detection portion , if needed in 
order to fulfill this requirement . The table CPTable in FIG . 
5 indicates the respective members TRSCi and BRSCi of 
each respective complementary pair CPi for the implemen 
tation shown in FIG . 5 . 

[ 0059 ] By conforming to the foregoing principle , the 
complementary pairs CPi shown in FIG . 5 may be used to 
compensate or eliminate certain cross - coupling errors , and / 
or to simplify the signal processing required to provide 
precise rotary position or displacement measurements ( e.g. , 
along the X and / or Y directions ) . In particular , pairs of signal 
components arising in complementary pairs CPi of rotary 
sensing coils in the implementation shown in FIG . 5 may be 
combined or processed in a relationship that provides a 
resulting output signal that is nominally insensitive to varia 
tions in “ proximity ” or gap between the individual coils of 
the complementary pair and the disruptor element 551. That 
is , the resulting output signal may be insensitive to the axial 
( Z ) position or displacement AZ of the disruptor element 
551 , and nominally only sensitive to a rotary position or 
displacement ( e.g. , along the X and / or Y directions ) , as 
described in greater detail below . For the particular imple 
mentation shown in FIG . 5 , it may be understood that a 
displacement of the disruptor element 551 that has a dis 
placement component AY along the Y axis direction will 
increase ( or decrease ) the overlap areas TRSCOA2 and 
BRSCOA2 in the complementary pair CP2 and decrease ( or 
increase ) the overlap areas TRSCOA1 and BRSCOA1 in the 
complementary pair CP1 . Similarly , a displacement of the 
disruptor element 551 that has a displacement component 
AX along the X axis direction will increase ( or decrease ) the 
overlap areas TRSCOA3 and BRSCOA3 in the complemen 
tary pair CP3 and decrease ( or increase ) the overlap areas 
TRSCOA4 and BRSCOA4 in the complementary pair CP4 . 

[ 0060 ] As previous outlined , in operation , currents 
induced in the disruptor element 551 by the changing 
magnetic field of the field generating configuration 560 
cause opposing magnetic fields . Generally speaking , the 
signal component SIGTRSCi ( or SIGBRSCi ) generated in 
any rotary sensing coil TRSCi ( or BRSCi ) , will be reduced 
as a proximate portion of the disruptor element 551 comes 
closer to that rotary sensing coil along the axial direction , or 
increases its overlap TRSCOAi ( or BRSCOAi ) with the 
rotary sensing coil . 
[ 0061 ] It will be appreciated that for the complementary 
pairs CP1 - CP4 indicated in FIG . 5 ( wherein the coils in a 
complementary pair CPi may be identical and aligned along 
the axial direction ) , at the illustrated undeflected position 
UNDF , the signal components in each complementary pair 
( e.g. , SIGTRSC1 and SIGBRSC1 ) may be approximately 
balanced . According to previously outlined principles , for a 
portion of the disruptor element 551 proximate to a comple 
mentary pair ( e.g. , CP1 ) , for small displacements AZ such as 
those expected in operation , the net signal components ( e.g. , 
SIGTRSC1 and SIGBRSC1 ) may vary approximately lin 
early , and inversely compared to one another . Thus , the sum 
of such signals for a complementary pair CPi may be 
nominally insensitive to a AZ associated with the proximate 
portion of the disruptor element 551. Furthermore , in the 
implementation shown in FIG . 5 , the edges of the disruptor 
element 551 may be parallel to the X and Y directions , such 
that , within the operating motion ranges +/- Rx and +/- Ry , 
a Y direction displacement component does not alter the 
rotary coil sensing overlap areas TRSCOA3 , BRSCOA3 , 
and / or TRSCOA4 and 
[ 0062 ] BRSCOA4 , and an X direction displacement com 
ponent does not alter the rotary coil sensing overlap areas 
TRSCOA2 , BRSCOA2 , and / or TRSCOA1 and BRSCOA1 . 
Therefore , in one implementation , a rotary displacement or 
position component AX along the X direction may be 
indicated by or correspond to the following signal relation 
ship , ideally regardless of AZ and / or AY : 

AX = function of [ ( SIGTRSC3 + SIGBRSC3 ) 
( SIGTRSC4 + SIGBRSC4 ) ] = [ ( SIGTRSC3 + 
SIGBRSC3 ) + ( SIGTRSC4 + SIGBRSC4 ) ] ( Eq . 6 ) 

[ 0063 ] Similarly , in one implementation , a rotary displace 
ment or position component AY along the Y direction may 
be indicated by or correspond to the following signal rela 
tionship , ideally regardless of AZ and / or AX : 

AY = function of [ ( SIGTRSC2 + SIGBRSC2 ) 
( SIGTRSC1 + SIGBRSC1 ) ] = [ ( SIGTRSC2 + 
SIGBRSC2 ) + ( SIGTRSC1 + SIGBRSC1 ) ] ( Eq . 7 ) 

[ 0064 ] These signal relationships are exemplary only , and 
not limiting . In various implementations , these signal rela 
tionships may be adjusted or compensated by additional 
calibration or signal processing operations , including opera 
tions that reduce the effects of geometric and / or signal 
cross - coupling between various displacement directions or 
signal components , if desired . 
[ 0065 ] In some particularly advantageous implementa 
tions , the receiver coil portion ( e.g. , 570 ) and the disruptor 
element ( e.g. , 551 ) are configured wherein , for any comple 
mentary pair CPi and any disruptor element displacement 
increment within the operating motion ranges +/– Rz , +/- Rx , 
and +/- Ry , both the magnitude and sign of the change in 
overlap areas TRSCOAi and BRSCOAi associated with that 
disruptor displacement increment are the same in that 
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complementary pair . In some such implementations , the 
receiver coil portion is configured wherein each comple 
mentary pair CPi comprises a top rotary sensing coil TRSCi 
and a bottom rotary sensing coil BRSCi characterized in that 
the shape of their interior areas nominally coincide when 
projected along the axial direction . It may be seen that the 
particular implementation of the stylus position detection 
portion 511 ' shown in FIG . 5 conforms to this description . 
However , it will be appreciated that various configurations 
of complementary pairs may be used , and the particular 
configurations shown in FIG . 5 are exemplary only and not 
limiting . 
[ 0066 ] In some implementations , the receiver coil portion 
( e.g. , 570 ) and the disruptor element ( e.g. , 551 ) may be 
configured wherein the disruptor element comprises at least 
N straight sides , and , for any respective complementary pair 
CPi , a respective one of the straight sides of the disruptor 
element transects both the top rotary sensing coil TRSCi and 
the bottom rotary sensing coil BRSCi of that respective 
complementary pair . In some such implementations , N = 4 , 
and the at least N straight sides include 4 sides that are arranged parallel to the sides of a rectangular or square 
shape . It may be seen that the particular implementation of 
the stylus position detection portion 511 ' shown in FIG . 5 
conforms to this description . However , it will be appreciated 
that various combinations of complementary pairs configu 
rations and disruptor element edge configurations may be 
used , and the combination of the particular configurations 
shown in FIG . 5 is exemplary only and not limiting . 
[ 0067 ] FIG . 6 is a partially schematic isometric diagram of 
certain elements of the stylus position detection portion 511 ' 
shown in FIG . 5 , including schematically represented con 
nections CONN to a block diagram of one exemplary 
implementation of signal processing and control circuitry 
680. As shown in FIG . 6 , the signal processing and control 
circuitry 680 is operably connected to the various coils of the 
stylus position detection portion 511 ' . In the implementation 
shown in FIG . 6 , the signal processing and control circuitry 
680 comprises a digital controller / processor 681 , that may 
govern various timing and signal connection or exchange 
operations between its various interconnected components , 
which include a drive signal generator 682 , an amplification / 
switching portion 683 , a sample and hold portion 684 , a 
multiplexing portion 685 , and an A / D convertor portion 686 . 
The digital controller / processor 681 may also perform vari 
ous digital signal processing operations to determine the 
output signals APSOut and RPSOut , as previously outlined 
with reference to FIG . 2 , and described further below . 
Portions of the design and operation of the signal processing 
and control circuitry 680 may generally be cognized and 
understood by one of ordinary skill in the art , according to 
known principles . For example , in one implementation , the 
certain elements of the signal processing and control cir 
cuitry 680 may be designed and operated by analogy to 
corresponding elements disclosed in U.S. Pat . No. 5,841 , 
274 , which is hereby incorporated herein by reference in its 
entirety . 
[ 0068 ] In operation , the drive signal generator 682 is 
operated to provide a changing coil drive signal Dsig ( e.g. , 
a pulse ) to the field generating coil configuration 560 , which 
generates a changing magnetic flux generally along the axial 
direction in the disruptor motion volume MV in response to 
the coil drive signal . In the illustrated configuration , the top 
field generating coil 561T and the bottom field generating 

coil 561B are configured to provide changing magnetic 
fluxes that reinforce one another . The amplification / switch 
ing portion 683 is configured to input the signals RSIGs and 
ASIGS from the receiver coil portion 570 , comprising 
respective signal components provided by the respective 
rotary and axial sensing coils located on the top and bottom 
coil substrates ( e.g. , the previously outlined signal compo 
nents SIGTASCC , SIGBASCC , SIGTRSC1 - SIGTRSC4 , 
and SIGBRSC1 - SIGBRSC4 ) . In some implementations , the 
amplification / switching portion 683 may include switching 
circuits which may combine various analog signals to pro 
vide various desired sum or difference signals ( e.g. , by 
appropriate serial or parallel connections , or the like ) , for 
example as prescribed in the relationships shown in EQUA 
TIONS 5-7 , or the like . However , in other implementations , 
the amplification / switching portion 683 may perform only 
amplification and signal conditioning operations ( e.g. , and 
possibly signal inversion operations ) , with all signal com 
bination operations performed in other circuit portions . 
[ 0069 ] The sample and hold portion 684 inputs the various 
analog signals from the amplification / switching portion 683 , 
and performs sample and hold operations according to 
known principles , e.g. , to simultaneously sample and hold 
all respective signal components that arise from the various 
respective sensing coils of the receiver coil portion 570. In 
one implementation , the multiplexing portion 685 may 
connect various signals to the A / D convertor portion 686 
sequentially , and / or in combinations related to various 
desired signal relationships ( for example , as prescribed in 
the relationships shown in EQUATIONS 5-7 , or the like ) . 
The A / D convertor portion 686 outputs corresponding digi 
tal signal values to the digital controller / processor 681 . 
[ 0070 ] The digital controller / processor 681 may then pro 
cess and / or combine the digital signal values according to 
various desired relationships ( for example , as prescribed in 
the relationships shown in EQUATIONS 5-7 , or the like ) , to 
determine and output the output signals APSOut and 
RPSOut , which are indicative of the axial position and the 
rotary position of at least one of the disruptor element 551 
or the stylus 506 relative to the frame or housing of the 
scanning probe . In some implementations the digital con 
troller / processor 681 may be configured such that the output 
signals APSOut and RPSOut directly indicate the three 
dimensional position of the stylus 506 or its probe tip 548 
relative to the frame of the scanning probe . In other imple 
mentations , it may be configured to output signals that 
indirectly indicate the three - dimensional position of the 
stylus 506 or its probe tip 548 relative to the frame of the 
scanning probe , and a host system ( e.g. , a CMM ) may input 
such signals and perform additional processing to further 
combine or refine such signals and determine the three 
dimensional position of the stylus 506 or its probe tip 548 
relative to the scanning probe and / or relative to an overall 
coordinate system used for CMM measurements . 
[ 0071 ] FIG . 7 is a diagram of a graph 700 including a 
signal curve 710 for an output signal level ( i.e. , as shown on 
the vertical axis , with a scale in volts with an illustrated 
range of -2 volts to +2 volts ) versus an X / Y probe tip 
position ( i.e. , as shown on the horizontal axis at the bottom 
of the graph , with a scale in millimeters with an illustrated 
range of -2 mm to +2 mm ) . For example , in one imple 
mentation , the signal curve 710 may correspond to a Y probe 
tip position , such as described above with respect to the 
example of FIG . 3 , and for which the signal level may 
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correspond to the signals ( e.g. , the combined and / or pro 
cessed signals ) from the rotary sensing coils TRSC1 , 
TRSC2 , BRSC1 and BRSC2 . In such an implementation , a 
similar second graph 700 may correspond to an X probe tip 
position , for which the signal level may correspond to the 
signals ( e.g. , the combined and / or processed signals ) from 
the rotary sensing coils TRSC3 , TRSC4 , BRSC3 and 
BRSC4 , such as those of the examples of FIGS . 5 and 6 . 
[ 0072 ] In FIG . 7 , an indication of a corresponding UN 
element position ( e.g. , a disruptor element position as indi 
cated in the examples of FIGS . 2-6 ) is also shown ( i.e. , as 
shown on the horizontal axis at the top of the graph , with a 
scale in degrees with an illustrated range of -1.8 degrees to 
+1.8 degrees ) . As illustrated , the signal curve 710 includes 
signal curve portions 712 , 714 and 716 , which correspond to 
respective operating regions RE1 , RE2 and RE3 . In a 
reference from left to right on the graph 700 , the signal curve 
portion 712 extends from a starting point P1A to an ending 
point P1B , the signal curve portion 714 extends from a 
starting point P2A to an ending point P2B , and the signal 
curve portion 716 extends from a starting point P3A to an 
ending point P3B . In the example of FIG . 7 , the ending point 
P1B and the starting point P2A are nominally the same , and 
the ending point P2B and the starting point P3A are nomi 
nally the same ( e.g. , indicating that the signal curve 710 is 
nominally continuous for the transitions between the signal 
curve portions 712 , 714 and 716 , and between the corre 
sponding operating regions RE1 , RE2 and RE3 ) . In various 
implementations , the signal curve portion 712 extends over 
an operating range OPR and a signal range SGR ( e.g. , 
corresponding to an operating range and a signal range of the 
signal processing and control circuitry 680 ) , which in vari 
ous implementations may also or alternatively be referenced 
as an active operating range OPR and active signal range 
SGR . 
[ 0073 ] Each of the points corresponds to a respective 
output signal level and an X / Y probe tip position ( and UN 
element position ) . In various implementations , the points 
may be referenced according to respective coordinate values 
on the graph 700. For example , point P2A may be referenced 
as being at coordinates ( PTP P2A , SIGP2A ) and point P2B 
may be referenced as being at coordinates ( PTPP2B , 
SIG P2B ) , for respective probe tip positions PTP and output 
signal values SIG . As some specific numerical examples , as 
illustrated in FIG . 7 , in one implementation PTP P24 = -1.67 
mm , SIGP2A = -1.75 volts , PTPP2B = 1.67 
SIG P2B = 1.75 volts . As an alternative or in addition to the 
probe tip positions PTP , references may also be made to the 
element positions EP , for which EP P24 -1.5 degrees and = 
EP ' P2B = 1.5 degrees . 
[ 0074 ] It is noted that the central operating region RE2 , 
which may also or alternatively be referenced as central gain 
operating region RE2 , extends over an X / Y probe tip posi 
tion range R2 and has a corresponding signal range S2 . In 
various implementations , the probe tip and signal ranges 
may also be referenced as corresponding to differences 
between the starting and ending points P2A and P2B of the 
corresponding signal curve portion 714 ( e.g. , R2 PTP P28 

and S2 = SIG P28 - SIG P2A ) . In various implementa . 
tions , a gain for a signal curve portion and / or corresponding 
operating region may correspond to ( e.g. , be defined as ) a 
ratio of an amount of output change ( e.g. , output signal 
change , such as corresponding to a magnitude of a signal 
range for the operating region ) to an amount of input change 

( e.g. , probe tip position change or element position change , 
such as corresponding to a probe tip position range and / or 
element position range for the operating region ) . In such an 
implementation , where a gain GN2 corresponds to the gain 
in the operating region RE2 , then gain GN2 = S2 / R2 = 
( SIG P2B - SIG P2A ) / ( PTP P28 - PTP p24 ) = 3.5 volts / 3.33 mm = 1 . . 
05 volts / mm ( i.e. , in accordance with the above noted 
example numerical values , where PTP is in reference to the 
probe tip position ) . In addition , gain GN2 = S2 / R2 = SIG P2B 
SIG P24 ) / ( EP P28 - EP P2A ) = 3.5 volts / 3.0 degrees = 1.167 volts / 
degree ( i.e. , in accordance with the above noted example 
numerical values , where EP is in reference to the element 
position ) . In various implementations , a center point CEN of 
the central operating region RE2 and the corresponding 
signal portion 714 ( e.g. , which may also correspond to a 
center point of the signal curve 710 ) may have coordinates 
corresponding to SIGCEN = 0 volts , PTP v = 0 mm , EP CEN = 0 
degrees . In the example of FIG . 7 , the range R2 may also 
correspond to an operating range OPR , and the correspond 
ing signal range S2 may correspond to a signal range SGR . 
[ 0075 ] In contrast to the central gain operating region RE2 
( i.e. , which has a gain GN2 which is non - zero ) , the operating 
regions RE1 and RE3 may be referenced as saturation 
operating regions RE1 and RE3 corresponding to a satura 
tion state ( e.g. , of the amplification portion 683 of FIG . 6 ) 
and are correspondingly indicated as having no gain ( i.e. , 
and are correspondingly referenced herein as saturation 
regions and not gain regions ) . More specifically , the corre 
sponding signal curve portions 712 and 716 are indicated as 
being nominally flat , for which no gain is indicated , and 
further change of the X / Y probe tip position when operating 
in these saturation operating regions does not result in any 
notable increase or decrease of the output signal level . 
Similar saturation operating regions are illustrated in FIGS . 
8-10 ( as will be described in more detail below ) , and will be 
understood to have similar characteristics . 
[ 0076 ] In the configuration of FIG . 7 , the probe is noted to 
have a fixed gain and for which the output signal ( i.e. , 
corresponding to the sensor configuration output ) is linear 
over the full probe range until saturation is reached ( e.g. , as 
illustrated by the signal curve portion 714 in relation to the 
signal curve portions 712 and 716 ) . In various implemen 
tations , such a configuration may be characterized as achiev 
ing the total mechanical range at the cost of resolution . In 
accordance with principles disclosed herein , it is noted that 
while the full measurement range may be utilized as illus 
trated in the example of FIG . 7 , a true useful measurement 
range ( e.g. , corresponding to a primarily utilized measure 
ment range ) may be much lower . As will be described in 
more detail below with respect to FIGS . 8-10 , by using a 
higher gain in a primarily utilized measurement range ( e.g. , 
as corresponding to a central high gain operating region ) , a 
higher resolution and better noise performance may be 
achieved . It is noted that if the higher gain were continued 
to be used for measurements outside the primarily utilized 
measurement range , this would cause the sensor configura 
tion output to saturate before reaching the edge of the 
mechanical range ( e.g. , as will be understood in reference to 
the configurations of FIGS . 3-6 as described above ) . In 
accordance with principles disclosed herein , by changing the 
gain based on the measured position , a higher accuracy may 
be achieved in the primarily utilized measurement range , 
while avoiding saturation over the full range . More specifi 
cally , as will be described in more detail below with respect 
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to the examples of FIGS . 8-10 , as the output signal of the 
sensor configuration approaches saturation , the gain may be 
lowered to bring the output signal back to a desired level . In 
various implementations , such processes may be repeated at 
set intervals until a maximum range or a minimum desired 
gain is reached . As will further be described below in 
relation to a comparison between the examples of FIGS . 8 
and 10 , gain bands ( i.e. , corresponding to operating regions ) 
can also be programmed / determined based on stylus length 
to maximize signal across the region of interest and prevent 
saturation over the full mechanical range . 
[ 0077 ] FIG . 8 is a diagram of a graph 800 including a 
signal curve 810 for an output signal level ( i.e. , in volts ) 
versus an X / Y probe tip position ( i.e. , in millimeters ) , and 
also versus a UN element position ( i.e. , in degrees ) , each 
indicated on scales similar to those of FIG . 7. In various 
implementations , the ranges illustrated in FIG . 8 are con 
figured to be utilized with a stylus ( e.g. , stylus 406/506 ) of 
a particular length ( e.g. , a length of 20 mm in the present 
example ) . As illustrated and described above with respect to 
FIGS . 3-6 , an element ( e.g. , a disruptor element 451/551 ) 
may have certain maximum movement ranges ( e.g. , within 
a position detection configuration ) , and which may corre 
spond to certain maximum movement ranges of a probe tip 
( e.g. , probe tip 448/548 ) , in accordance with the length of 
the stylus ( e.g. , in relation to a rotation center RC and in 
accordance with calculations such as those of EQUATIONS 
1-3 , etc. ) . As will be described in more detail below with 
respect to FIG . 10 , in various implementations different 
ranges may be configured to be utilized with styluses of 
different lengths . 
[ 0078 ] As illustrated , the signal curve 810 includes signal 
curve portions 812 , 814 , 816 , 818 , 820 , 822 , and 824 , which 
correspond to respective operating regions RE1 , RE2 , RE3 , 
RE4 , RE5 , RE6 and RE7 . In a reference from left to right on 
the graph 800 , each of the signal curve portions extends 
from a corresponding starting point to a corresponding 
ending point ( e.g. , similar to FIG . 7 ) . More specifically , the 
signal curve portion 812 extends from point P1A to point 
P1B , the signal curve portion 814 extends from point P2A 
to point P2B , the signal curve portion 816 extends from 
point P3A to point P3B , the signal curve portion 818 extends 
from point P4A to point P4B , the signal curve portion 820 
extends from point P5A to point P5B , the signal curve 
portion 822 extends from point P6A to point P6B and the 
signal curve portion 824 extends from point P7A to point 
P7B . As will be described in more detail below , the slopes 
of the signal curve portions 812 , 814 , 816 , 818 , 820 , 822 , 
and 824 indicate the gain in each of the corresponding 
operating regions RE1 , RE2 , RE3 , RE4 , RE5 , RE6 and RE7 . 
[ 0079 ] In the example of FIG . 8 , the ending point P2B and 
the starting point P3A are not the same , the ending point P3B 
and the starting point P4A are not the same , the ending point 
P4B and the starting point P5A are not the same , and the 
ending point P5B and the starting point P6A are not the 
same . These differences indicate a change ( e.g. , a discon 
tinuous or rapid signal transition ) in signal level for the 
transitions between the signal curve portions 814 , 816 , 818 , 
820 and 822 and corresponding operating regions RE2 , RE3 , 
RE4 , RE5 and RE6 . Similar to the description above with 
respect to FIG . 7 , each of the points corresponds to a 
respective output signal level and an X / Y probe tip position 
( and UN element position ) , and may be referenced accord 
ing to respective coordinate values on the graph 800 . 

[ 0080 ] It is noted that in the example of FIG . 8 , the 
operating region RE4 , which may be referenced as the 
central high gain operating region RE4 , extends over and 
corresponds to an X / Y probe tip position range R4 , which 
may be referenced as a central high gain probe tip position 
range R4 , and has a corresponding signal range S4 . In 
various implementations , the probe tip and signal ranges 
may also be referenced as corresponding to differences 
between the starting and ending points P4A and P4B of the 
corresponding signal curve portion 818 ( e.g. , R4 = PTP P4B 
PTP44 and S4 = SIGP48 - SIG PAA ) . In accordance with the 
definitions described above , the corresponding gain 
GN4 = S4 / R4 = ( SIG P46 - SIG P4A ) / ( PTP P48 - PT 244 ) = 2.66 
volts / 0.667 mm = 4.0 volts / mm ( i.e. , in accordance with the 
example values indicated in the graph 800 and as indicated 
by the corresponding slope of the signal curve portion 818 ) . 
[ 0081 ] In various implementations , the ranges R1 - R7 of 
the operating regions RE1 - RE7 may also or alternatively be 
referenced as element position ranges R1 - R7 ( e.g. , in rela 
tion to the corresponding angular UN element positions , 
such as disruptor element positions as indicated in the 
examples of FIGS . 2-6 ) . Similar to the above description for 
the example of the operating region RE4 , the element 
position and signal ranges may also be referenced as corre 
sponding to differences between the starting and ending 
points P4A and P4B of the corresponding signal curve 
portion 818 ( e.g. , R4 = EP P48 - EP P4A and S4 = SIG P46 
SIGP4A ) , where EP signifies element position . Similar to the 
example for the probe tip positions described above , for the 
element positions the corresponding gain GN4 = S4 / R4 = 
( SIG P4B - SIG P4A ) / ( EP P4B - EP P4.4 ) = 2.66 volts / 0.6 
degrees = 4.44 volts / degree ( i.e. , in accordance with the 
example values indicated in the graph 800 and as indicated 
by the corresponding slope of the signal curve portion 818 ) . 
The range R4 may also or alternatively be referenced as a 
central high gain element position range R4 . In various 
implementations , a center point CEN of the central operat 
ing region RE4 and the corresponding signal portion 818 
( e.g. , which may also correspond to a center point of the 
signal curve 810 ) may have coordinates corresponding to 
SIGCEx 0 volts , PTP CEX 0 mm , EPCEx = 0 degrees . In vari ' = 
ous implementations , when a center point CEN does not 
have one or more values corresponding to 0 , a zeroing 
operation may be performed , as will be described in more 
detail below . 
[ 0082 ] In various implementations , the operating regions 
RE3 and RE5 may be referenced as a first pair of lower gain 
operating regions FP , and for which the central high gain 
operating region RE4 is between the operating regions RE3 
and RE5 of the first pair of lower gain operating regions FP . 
As illustrated in FIG . 8 , each of the lower gain operating 
regions RE3 and RE5 of the first pair of lower gain operating 
regions FP is adjacent to a respective side of the central high 
gain operating region RE4 . More specifically , the operating 
region RE3 is adjacent to the left side of the central high gain 
operating region RE4 , and the operating region RE5 is 
adjacent to the right side of the central high gain operating 
region RE4 . In various implementations , it may also or 
alternatively be stated that the central high gain operating 
region RE4 is bordered by the first pair of lower gain 
operating regions FP . In various implementations , it may 
also or alternatively be stated that the operating region RE3 
is a first negative relative position operating region and the 
operating region RE5 is a first positive relative position 
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operating region of the first pair of lower gain operating 
regions FP ( e.g. , for which the relative negative and positive 
positions may be in reference / relation to a null or zero 
position at or near a middle of the central high gain operating 
region RE4 , such as indicated by the XY probe tip position 
of 0 in the graph 800 and / or as corresponding to the center 
point CEN ) . In various implementations , each of the lower 
gain operating regions RE3 and RE5 of the first pair of lower 
gain operating regions FP may have a corresponding gain 
( e.g. , gain GN3 and GN5 ) that is less than the gain ( e.g. , gain 
GN4 ) of the central high gain operating region RE4 . 
[ 0083 ] More specifically , as indicated in FIG . 8 , the oper 
ating region RE3 extends over and corresponds to an X / Y 
probe tip position range R3 , which may be referenced as a 
lower gain probe tip position range R3 , and has a corre 
sponding signal range S3 . As noted above , the probe tip and 
signal ranges may also be referenced as corresponding to 
differences between the starting and ending points P3A and 
P3B of the corresponding signal curve portion 816 ( e.g. , 
R3 = PTPP3B - PTP P34 and S3 = SIGP38 - SIGP34 ) . In accor 
dance with the definitions described above , the correspond 
ing gain GN3 = S3 / R3 = I ( SIGP3B - SIGP34 ) / ( PTP P3B 
PTPP3A ) = 1.00 volts / 0.667 mm = 1.5 volts / mm ( i.e. , in 
accordance with the example values indicated in the graph 
800 and as indicated by the corresponding slope of the signal 
curve portion 816 ) . In addition , in relation to the element 
position calculations described above , gain GN3 = S3 / R3 = 
( SIGP3B - SIGP34 ) / ( EP P36 - EP 23,4 ) = 1.00 volts / 0.6 
degrees = 1.67 volts / degree ( i.e. , in accordance with the 
example values indicated in the graph 800 and as indicated 
by the corresponding slope of the signal curve portion 816 ) . 
[ 0084 ] As further indicated in FIG . 8 , the operating region 
RE5 extends over and corresponds to an X / Y probe tip 
position range R5 , which may be referenced as a lower gain 
probe tip position range R5 , and has a corresponding signal 
range S5 . As noted above , the probe tip and signal ranges 
may also be referenced as corresponding to differences 
between the starting and ending points P5A and P5B of the 
corresponding signal curve portion 820 ( e.g. , R5 = PTP 
PTPP5A and S5 = SIG P5B - SIGp5A ) . In accordance with the 
definitions described above , the corresponding gain 
GN5 = S5 / R5 = I ( SIGP5B - SIGP54 ) / ( PTP PSB - PTP psa ) = 1.00 
volts / 0.667 mm = 1.5 volts / mm ( i.e. , in accordance with the 
example values indicated in the graph 800 and as indicated 
by the corresponding slope of the signal curve portion 820 ) . 
In addition , in relation to the element position calculations 
described above , gain GN5 = S5 / R5 = I ( SIGP58 - SIG P5A ) \ / 
( EPPSB - EPPSA ) = 1.00 volts / 0.6 degrees = 1.67 volts / degree 
( i.e. , in accordance with the example values indicated in the 
graph 800 and as indicated by the corresponding slope of the 
signal curve portion 820 ) . 
[ 0085 ] Thus , in these examples , the gain GN4 of the 
central high gain operating region is greater than the gains 
GN3 and GN5 of each of the lower gain operating regions 
RE3 and RE5 of the first pair of lower gain operating regions 
FP ( i.e. , GN4 = 4.0 volts / mm and 4.44 volts / degree , which is 
greater than GN3 = GN5 = 1.5 volts / mm and 1.67 volts / de 
gree ) . These relationships are also noted to be indicated by 
the slope of the signal curve portion 818 as compared to the 
slopes of the signal curve portions 816 and 820. The slopes 
and positions of the signal curve portions 816 and 820 are 
also noted to illustrate a desirable symmetrical and balanced 
configuration ( e.g. , with equal position ranges R3 and R5 
and equal signal ranges S3 and S5 , and equal distances from 

the center and edges of the graph 800 and within the 
operating range OPR , and for which the signal curve por 
tions 816 and 820 are collinear , etc. ) . It will be appreciated 
that while such characteristics may be desirable in some 
implementations , certain alternative implementations may 
include configurations with different characteristics ( e.g. , 
such alternative configurations may not be symmetrical , 
etc. ) 
[ 0086 ] In various implementations , the operating regions 
RE2 and RE6 may be referenced as a second pair of lower 
gain operating regions SP , and for which the operating 
regions RE3 and RE5 of the first pair of lower gain operating 
regions FP are between the operating regions RE2 and RE6 
of the second pair of lower gain operating regions SP . As 
illustrated in FIG . 8 , each of the lower gain operating regions 
RE2 and RE6 of the second pair of lower gain operating 
regions SP is adjacent to a respective outer side of an 
operating region RE3 or RE5 of the first pair of lower gain 
operating regions FP . More specifically , the operating region 
RE2 of the second pair of lower gain operating regions SP 
is adjacent to the left side of the operating region RE3 of the 
first pair of lower gain operating regions FP , and the oper 
ating region RE6 of the second pair of lower gain operating 
regions SP is adjacent to the right side of the operating 
region RE5 of the first pair of lower gain operating regions 
FP . In various implementations , it may also or alternatively 
be stated that the first pair of lower gain operating regions FP 
is bordered by the second pair of lower gain operating 
regions SP . In various implementations , it may also or 
alternatively be stated that the operating region RE2 is a 
second negative relative position operating region and the 
operating region RE6 is a second positive relative position 
operating region of the second pair of lower gain operating 
regions SP ( e.g. , for which the relative negative and positive 
positions may be in reference / relation to a null or zero 
position at or near a middle / center of the central high gain 
operating region RE4 , such as indicated by the XY probe tip 
position of 0 in the graph 800 and / or as corresponding to the 
center point CEN ) . In various implementations , each of the 
operating regions RE2 and RE6 of the second pair of lower 
gain operating regions SP may have a corresponding gain 
( e.g. , gain GN2 and GN6 ) that is less than a corresponding 
gain ( e.g. , gain GN3 and GN5 ) of the operating regions RE3 
and RE5 of the first pair of lower gain operating regions FP . 
[ 0087 ] More specifically , as indicated in FIG . 8 , the oper 
ating region RE2 extends over and corresponds to an X / Y 
probe tip position range R2 , which may be referenced as a 
lower gain probe tip position range R2 , and has a corre 
sponding signal range S2 . As noted above , the probe tip and 
signal ranges may also be referenced as corresponding to 
differences between the starting and ending points P2A and 
P2B of the corresponding signal curve portion 816 ( e.g. , 
R2 = PTP P28 - PTP P2A and S2 = SIG P28 - SIG P2A ) . In accor 
dance with the definitions described above , the correspond 
ing gain GN2 = S2 / R2 = ( SIG P26 - SIG P24 ) / ( PTP P2B 
PTPP24 ) +0.75 volts / 0.667 mm = 1.125 volts / mm ( i.e. , in 
accordance with the example values indicated in the graph 
800 and as indicated by the corresponding slope of the signal 
curve portion 814 ) . In addition , in relation to the element 
position calculations described above , gain GN2 = S2 / R2 = 
( SIG P20 - SIG P2A ) / ( EP P2B - EPP24 ) 0.75 = volts / 0.6 
degrees = 1.25 volts / degrees ( i.e. , in accordance with the 
example values indicated in the graph 800 and as indicated 
by the corresponding slope of the signal curve portion 814 ) . 
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[ 0088 ] As further indicated in FIG . 8 , the operating region 
RE6 extends over and corresponds to an X / Y probe tip 
position range R6 , which may be referenced as a lower gain 
probe tip position range R6 , and has a corresponding signal 
range S6 . As noted above , the probe tip and signal ranges 
may also be referenced as corresponding to differences 
between the starting and ending points P6A and P6B of the 
corresponding signal curve portion 820 ( e.g. , R6 = PTP 
PTP and S6 = SIGP6B - SIGP6A ) . In accordance with the 
definitions described above , the corresponding gain 
GN6 = S6 / R6 = I ( SIGP66 - SIGP64 ) / ( PTP P60 - PTP P64 ) = 0.75 
volts / 0.667 mm = 1.125 volts / mm ( i.e. , in accordance with 
the example values indicated in the graph 800 and as 
indicated by the corresponding slope of the signal curve 
portion 822 ) . In addition , in relation to the element position 
calculations described above , gain GN6 = S6 / R6 = I ( SIGP6B 
SIGP6A ) 1 / ( EPP66 - EP P6A ) = 0.75 volts / 0.6 degrees = 1.25 
volts / degree ( i.e. , in accordance with the example values 
indicated in the graph 800 and as indicated by the corre 
sponding slope of the signal curve portion 822 ) . 
[ 0089 ] Thus , in these examples , the gains GN3 and GN5 
of the first pair of lower gain operating regions FP are greater 
than the gains GN2 and GN6 of the second pair of lower gain 
operating regions SP ( i.e. , GN3 = GN5 = 1.5 volts / mm and 
1.67 volts / degree , which is greater than GN2 = GN6 = 1.125 
volts / mm and 1.25 volts / degree ) . These relationships are 
also noted to be indicated by the slopes of the signal curve 
portions 816 and 820 as compared to the slopes of the signal 
curve portions 814 and 822. The slopes and positions of the 
signal curve portions 814 and 822 are also noted to illustrate 
a desirable symmetrical and balanced configuration ( e.g. , 
with equal probe tip position ranges R2 and R6 and equal 
signal ranges S2 and S6 , and equal distances from the center 
and edges of the graph 800 within the operating range OPR , 
etc. ) 
[ 0090 ] In various implementations , the operating regions 
RE1 and RE7 may be referenced as a pair of saturation 
operating regions TP ( e.g. , or a third pair of operating 
regions TP ) , and for which the operating regions RE2 and 
RE6 of the second pair of lower gain operating regions SP 
are between the operating regions RE1 and RE7 of the pair 
of saturation operating regions TP . As illustrated in FIG . 8 , 
each of the operating regions RE1 and RE7 of the pair of 
saturation operating regions TP is adjacent to a respective 
outer side of an operating region RE4 or RE6 of the second 
pair of lower gain operating regions FP . More specifically , 
the operating region RE1 of the pair of saturation operating 
regions TP is adjacent to the left side of the operating region 
RE2 of the second pair of lower gain operating regions SP , 
and the operating region RE7 of the pair of saturation 
operating regions TP is adjacent to the right side of the 
operating region RE6 of the second pair of lower gain 
operating regions SP . In various implementations , it may 
also or alternatively be stated that the second pair of lower 
gain operating regions SP is bordered by the pair of satu 
ration operating regions TP . In various implementations , it 
may also or alternatively be stated that the operating region 
RE1 is a third negative relative position operating region and 
the operating region RE7 is a third positive relative position 
operating region of the pair of saturation operating regions 
TP ( e.g. , for which the relative negative and positive posi 
tions may be in reference / relation to a null or zero position 
at or near a middle / center of the central high gain operating 

region RE4 , such as indicated by the XY probe tip position 
of 0 in the graph 800 and / or as corresponding to the center 
point CEN ) . 
[ 0091 ] It is noted that the operating regions RE1 and RE7 
of the pair of saturation operating regions TP correspond to 
respective saturation probe tip position ranges R1 and R7 
( e.g. , for which R1 may be equal to R7 ) and which are at the 
edges of the graph 800 ( e.g. , as corresponding to the edges 
of the operating range OPR of the signal processing and 
control circuitry ) . As noted above , the pair of saturation 
operating regions TP corresponds to a saturation state in 
which no output signal change results from probe tip posi 
tion change and for which there is no corresponding gain . 
More specifically , the corresponding signal curve portions 
812 and 824 are indicated as being nominally flat , for which 
no gain is indicated , and further change of the X / Y probe tip 
position when operating in these saturation operating 
regions does not result in any increase or decrease of the 
output signal level . 
[ 0092 ] In various implementations , the gain signal curve 
portions 814 , 816 , 818 , 820 and 822 of the signal curve 810 
( i.e. , between the saturation signal curve portions 812 and 
824 ) extend over an operating range OPR and a signal range 
SGR ( e.g. , corresponding to an operating range and a signal 
range of the signal processing and control circuitry 680 ) , 
which in various implementations may also or alternatively 
be referenced as an active operating range OPR and active 
signal range SGR . In the example of FIG . 8 , SGR = SIGP6B 
SIG P24 = 3.75 volts , OPR PIP = PTPP6B - PTP P24 = 3.33 mm - = 
and OPREP = EP P6B - EPP24 = 3 degrees . In various implemen 
tations , the full ranges of the signal curve 810 ( i.e. , including 
the saturation signal curve portions 812 and 824 ) may 
correspond to the full mechanical range ( e.g. , of the sensing 
configuration of the probe ) , which as illustrated may corre 
spond to PTP P78 - PTP PLA = 4.0 mm and EP P76 - EP PLA = 3.6 
degrees . 
[ 0093 ] In various implementations , in order to achieve the 
transitions between the operating regions RE1 - RE7 of FIG . 
8 , as well as in the configurations of FIGS . 9 and 10 as will 
be described in more detail below , transition operations may 
be performed ( e.g. , to adjust the gain to correspond to that 
of the operating region that is being transitioned to ) . In one 
implementation , a transition operation may include adjust 
ing a power of the field generating coil configuration ( e.g. , 
field generating coil configuration 560 ) , so as to adjust the 
ratio of the magnitude of output signal change to probe tip 
position change so as to correspond to the specified gain of 
the operating region that is being transitioned to . In various 
implementations , the power may be adjusted by adjusting 
the coil drive signal ( e.g. , from the drive signal generator 
682 ) . It will be appreciated that such techniques may achieve 
a large signal change ( e.g. , a large signal increase with little 
or no corresponding noise increase ) , and may be imple 
mented without requiring new components to be added to 
existing probe configurations , etc. 
[ 0094 ] In another implementation , a transition operation 
may include adjusting a gain of one or more variable gain 
amplifiers , so as to adjust the ratio of the magnitude of 
output signal change to probe tip position change so as to 
correspond to the specified gain of the operating region that 
is being transitioned to . For example , in various implemen 
tations the amplification portion 683 may include one or 
more variable gain amplifiers configured to amplify signals 
from coils of the stylus position detection portion , which 



US 2022/0205773 A1 Jun . 30 , 2022 
14 

may correspondingly be adjusted . It will be appreciated that 
such techniques may have negligible effect on power , and 
may be implemented without requiring new components to 
be added to existing probe configurations , etc. 
[ 0095 ] In another implementation , a transition operation 
may include altering a characteristic of one or more of the 
sensing coils ( e.g. , rotary sensing coils ) so as to adjust the 
ratio of the magnitude of output signal change to probe tip 
position change so as to correspond to the specified gain of 
the operating region that is being transitioned to . For 
example , in various implementations , a relay or other form 
of switch may be utilized to add or remove turns from the 
coils ( e.g. , to effectively change the size of the coils ) , or 
otherwise change the characteristics of the sensing coils to 
achieve the specified gain change . It will be appreciated that 
such techniques may have negligible effect on power , and 
may enable the sensor configuration to be optimized for each 
new gain step / transition . 
[ 0096 ] In another implementation , the transition operation 
may include altering an input range of an analog to digital 
converter so as to adjust the ratio of the magnitude of output 
signal change to probe tip position change so as to corre 
spond to the specified gain of the operating region that is 
being transitioned to . For example , in various implementa 
tions the A / D converter portion 686 may include one or more 
analog to digital converters , or a single analog to digital 
converter with a variable range , configured to convert analog 
signals from coils of the stylus position detection portion to 
digital signals , and for which the input range may be altered . 
Such alterations may enable smaller ranges to be used for the 
main measurement envelope so as to increase resolution . It 
will be appreciated that such techniques may have negligible 
effect on power . 
[ 0097 ] FIG . 9 is a diagram of a graph 900 including a 
signal curve 910 for an output signal level ( i.e. , in volts ) 
versus a Z probe tip position ( i.e. , in millimeters ) . In the 
example of FIG . 9 , the graph 900 is substantially similar to 
the graph 800 , and will be understood to have similar 
characteristics and similar operations , and will be under 
stood from the above description of the corresponding 
features of the graph 800. A primary difference from the 
graph 800 which is in reference to X / Y probe tip positions 
( e.g. , as in relation to rotary movements and rotary sensing 
coils , etc. , as described above with respect to FIGS . 2-6 ) , is 
that the graph 900 is in relation to Z probe tip positions ( e.g. , 
as in relation to axial movements and axial sensing coil 
configurations , etc. , as described above with respect to 
FIGS . 2-6 ) . The graph 900 also correspondingly does not 
include a scale for angular UN element position ( i.e. , which 
relates to rotary motion ) . As will be described in more detail 
below with respect to FIG . 10 , when a stylus of a different 
length is utilized , alternative operating characteristics may 
be utilized for the X / Y probe tip position measurements 
( e.g. , due to the different stylus length resulting in a different 
amount of corresponding movement of the UN element 
position , such as the movement of the disruptor element 551 , 
for a given amount of probe tip movement ) . In contrast , for 
Z probe tip position measurements ( e.g. , for which the 
length of the stylus may typically not be a significant factor ) , 
the same operating characteristics may be utilized for sty 
luses of any length with respect to the Z motion , and for 
which in various implementations the graph 900 may there 
fore be representative of such operating characteristics for Z 
probe tip position measurements for styluses of any length . 

[ 0098 ] As illustrated in FIG . 9 , the signal curve 910 
includes signal curve portions 912 , 914 , 916 , 918 , 920 , 922 , 
and 924 ( e.g. , which appear identical and indicate identical 
operations to the signal curve portions 812 , 814 , 816 , 818 , 
820 , 822 , and 824 of FIG . 8 ) , and which correspond to 
respective operating regions RE1 , RE2 , RE3 , RE4 , RE5 , 
RE6 and RE7 . Briefly , similar to FIG . 8 , for the signal curve 
portion 918 , the central high gain operating region RE4 
corresponds to a central high gain probe tip position range 
R4 . The signal curve portions 916 and 920 correspond to the 
first pair of lower gain operating regions FP , which corre 
spond to respective lower gain probe tip position ranges R3 
and R5 . The central high gain operating region RE4 is 
between the operating regions RE3 and RE5 of the first pair 
of lower gain operating regions FP . The first pair of lower 
gain operating regions FP has lower respective gains GN3 
and GN5 than the gain GN4 of the central high gain 
operating region RE4 ( e.g. , as indicated by the slopes of the 
respective signal curve portions 916 and 920 as compared to 
918 ) , for which the gains and other values are identical to 
those described above with respect to FIG . 8 ( e.g. , for which 
GN4 = 4.0 volts / mm , which is greater than GN3 = GN5 = 1.5 
volts / mm ) . 
[ 0099 ] The signal curve portions 914 and 922 correspond 
to the second pair of lower gain operating regions SP , which 
correspond to respective lower gain probe tip position 
ranges R2 and R6 . The operating regions RE3 and RE5 of 
the first pair of lower gain operating regions FP are between 
the operating regions RE2 and RE6 of the second pair of 
lower gain operating regions SP . The second pair of lower 
gain operating regions SP has lower respective gains GN2 
and GN6 than the gains GN3 and GN5 of the first pair of 
lower gain operating regions FP ( e.g. , as indicated by the 
slopes of the respective signal curve portions 914 and 922 as 
compared to 916 and 920 ) , for which the gains and other 
values are identical to those described above with respect to 
FIG . 8 ( e.g. , for which GN3 = GN5 = 1.5 volts / mm , which is 
greater than GN2 - GN6 = 1.125 volts / mm ) . The signal curve 
portions 912 and 924 correspond to the pair of saturation 
operating regions TP , which correspond to respective satu 
ration probe tip position ranges and which are at the edges 
of the operating range OPR of the signal processing and 
control circuitry . The second pair of lower gain operating 
regions SP is between the pair of saturation operating 
regions TP , and the pair of saturation operating regions TP 
corresponds to a saturation state in which no output signal 
change results from probe tip position change and for which 
there is no corresponding gain . 
[ 0100 ) FIG . 10 is a diagram of a graph 1000 including a 
signal curve 1010 for an output signal level ( i.e. , in volts ) 
versus an X / Y probe tip position ( i.e. , in millimeters ) , and 
also versus a UN element position ( i.e. , in degrees ) . In 
various implementations , the ranges illustrated in FIG . 10 
are configured to be utilized with a stylus ( e.g. , stylus 
406/506 ) of a particular length ( e.g. , a length of 100 mm in 
the present example ) . As illustrated and described above 
with respect to FIGS . 3-6 , an element ( e.g. , a disruptor 
element 451/551 ) may have certain maximum movement 
ranges ( e.g. , within a position detection configuration ) , and 
which may correspond to certain maximum movement 
ranges of a probe tip ( e.g. , probe tip 448/548 ) , in accordance 
with the length of the stylus ( e.g. , in relation to a rotation 
center RC and in accordance with calculations such as those 
of EQUATIONS 1-3 , etc. ) . In the example of FIG . 10 , other 
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than certain differences related to certain different ranges 
that will be described in more detail below , the graph 1000 
otherwise includes certain characteristics similar to those of 
the graph 800 , and will be understood to have certain similar 
operations as will be understood from the above description 
of the corresponding features of the graph 800 . 
[ 0101 ] As illustrated in FIG . 10 , the signal curve 1010 
includes signal curve portions 1012 , 1014 , 1016 , 1018 , 
1020 , 1022 , and 1024 ( e.g. , which have certain different 
ranges but otherwise operate similarly to the signal curve 
portions 812 , 814 , 816 , 818 , 820 , 822 , and 824 of FIG . 8 ) , 
and which correspond to respective operating regions REI , 
RE2 , RE3 , RE4 , RE5 , RE6 and RE7 . Similar to FIG . 8 , for 
the signal curve portion 1018 of FIG . 10 , the central high 
gain operating region RE4 corresponds to a central high gain 
probe tip position range R4 . The gain GN4 + S4 / R4 = 
( SIGP4B - SIGP4A ) / ( PTP P4B - PTP P4A ) = 2.66 volts / 0.667 
mm = 4.0 volts / mm ( i.e. , in accordance with the example 
values indicated in the graph 1000 and as indicated by the 
corresponding slope of the signal curve portion 1018 ) . In 
addition , in relation to the element position , the gain 
GN4 + S4 / R4 = I ( SIGP48 - SIG PAA ) / ( EP P4B - EP P4A ) = 2.66 
volts / 0.3 degrees = 8.88 volts / degree ( i.e. , in accordance with 
the example values indicated in the graph 1000 and as 
indicated by the corresponding slope of the signal curve 
portion 1018 ) . The range R4 may also or alternatively be 
referenced as a central high gain element position range R4 . 
In various implementations , a center point CEN of the 
central operating region RE4 and the corresponding signal 
portion 1018 ( e.g. , which may also correspond to a center 
point of the signal curve 1010 ) may have coordinates 
corresponding to SIGCEN 0 volts , PTPCEx = 0 mm , EPCEx = 0 
degrees . In various implementations , when a center point 
CEN does not have one or more values corresponding to 0 , 
a zeroing operation may be performed , as will be described 
in more detail below . 
[ 0102 ] The signal curve portions 1016 and 1020 corre 
spond to the first pair of lower gain operating regions FP , 
which correspond to respective lower gain probe tip position 
ranges R3 and R5 . The central high gain operating region 
RE4 is between the operating regions RE3 and RE5 of the 
first pair of lower gain operating regions FP . The first pair of 
lower gain operating regions FP has lower respective gains 
GN3 and GN5 than the gain GN4 of the central high gain 
operating region RE4 ( e.g. , as indicated by the slopes of the 
respective signal curve portions 1016 and 1020 as compared 
to 1018 ) . 
[ 0103 ] More specifically , gain GN3 = S3 / R3 = I ( SIGP3B 
SIGP34 ) / ( PTP P3B - PTP P3A ) = 1.00 volts / 1.33 mm = 0.75 
volts / mm ( i.e. , in accordance with the example values indi 
cated in the graph 1000 and as indicated by the correspond 
ing slope of the signal curve portion 1016 ) . In addition , in 
relation to the element position calculations described 
above , gain GN3 = S3 / R3 = I ( SIGP3B - SIGP34 ) / ( EP P38 
EP P3A ) = 1.00 volts / 0.6 degrees = 1.67 volts / degree ( i.e. , in 
accordance with the example values indicated in the graph 
1000 and as indicated by the corresponding slope of the 
signal curve portion 1016 ) . In addition , gain GN5 = S5 / R5 = 1 
( SIGP58 - SIG P54 ) / ( PTPp58 - PTP p54 ) = 1.00 ] volts / 1.33 
mm = 0.75 volts / mm ( i.e. , in accordance with the example 
values indicated in the graph 1000 and as indicated by the 
corresponding slope of the signal curve portion 820 ) . In 
addition , in relation to the element position calculations 
described above , gain GN5 = S5 / R5 = I ( SIGP56 - SIGP52 ) \ / 

( EPP58 - EPP54 ) = 1.00 volts / 0.6 degrees = 1.67 volts / degree 
( i.e. , in accordance with the example values indicated in the 
graph 1000 and as indicated by the corresponding slope of 
the signal curve portion 1020 ) . 
[ 0104 ] Thus , in these examples , the gain GN4 of the 
central high gain operating region is greater than the gains 
GN3 and GN5 of each of the lower gain operating regions 
RE3 and RE5 of the first pair of lower gain operating regions 
FP ( i.e. , GN4 = 4.0 volts / mm and 8.88 volts / degree , which is 
greater than GN3 = GN5–0.75 volts / mm and 1.67 volts / 
degree ) . These relationships are also noted to be indicated by 
the slope of the signal curve portion 1018 as compared to the 
slopes of the signal curve portions 1016 and 1020. The 
slopes and positions of the signal curve portions 1016 and 
1020 are also noted to illustrate a desirable symmetrical and 
balanced configuration ( e.g. , with equal position ranges R3 
and R5 and equal signal ranges S3 and S5 , and equal 
distances from the center and edges of the graph 1000 and 
within the operating range OPR . 
[ 0105 ] The signal curve portions 1014 and 1022 corre 
spond to the second pair of lower gain operating regions SP , 
which correspond to respective lower gain probe tip position 
ranges R2 and R6 . The operating regions RE3 and RE5 of 
the first pair of lower gain operating regions FP are between 
the operating regions RE2 and RE6 of the second pair of 
lower gain operating regions SP . The second pair of lower 
gain operating regions SP has lower respective gains GN2 
and GN6 than the gains GN3 and GN5 of the first pair of 
lower gain operating regions FP ( e.g. , as indicated by the 
slopes of the respective signal curve portions 1014 and 1022 
as compared to 1016 and 1020 ) . 
[ 0106 ] More specifically , gain GN2 = S2 / R2 = I ( SIGP2B 
SIG P24 ) / ( PTP P20 - PTP P24 ) 0.75 volts / 1.33 mm = 0.5625 
volts / mm ( i.e. , in accordance with the example values indi 
cated in the graph 1000 and as indicated by the correspond 
ing slope of the signal curve portion 1014 ) . In addition , in 
relation to the element position calculations described 
above , gain GN2 = S2 / R2 = I ( SIG P2B - SIG P24 ) / ( EP P28 
EP P2A ) = 0.75 volts / 0.6 degrees = 1.25 volts / degrees ( i.e. , in 
accordance with the example values indicated in the graph 
1000 and as indicated by the corresponding slope of the 
signal curve portion 1014 ) . In addition , gain GN6 = S6 / R6 = l 
( SIG ; P6B - SIGP6A ) 1 / ( PTP P6B - PTPP6A ) 0.75 volts / 1.33 
mm = 0.5625 volts / mm ( i.e. , in accordance with the example 
values indicated in the graph 1000 and as indicated by the 
corresponding slope of the signal curve portion 1022 ) . In 
addition , in relation to the element position calculations 
described above , gain GN6 = S6 / R6 = I ( SIGP6B - SIGP64 ) 1 / 
( EP P6B - EPP64 ) 0.75 volts / 0.6 degrees = 1.25 volts / degree 
( i.e. , in accordance with the example values indicated in the 
graph 1000 and as indicated by the corresponding slope of 
the signal curve portion 1022 ) . 
[ 0107 ] Thus , in these examples , the gains GN3 and GN5 
of the first pair of lower gain operating regions FP are greater 
than the gains GN2 and GN6 of the second pair of lower gain 
operating regions SP ( i.e. , GN3 = GN5 = 0.75 volts / mm and 
1.67 volts / degree , which is greater than GN2 = GN6 = 0.5625 
volts / mm and 1.25 volts / degree ) . These relationships are 
also noted to be indicated by the slopes of the signal curve 
portions 1016 and 1020 as compared to the slopes of the 
signal curve portions 1014 and 1022. The slopes and posi 
tions of the signal curve portions 1014 and 1022 are also 
noted to illustrate a desirable symmetrical and balanced 
configuration ( e.g. , with equal position ranges R2 and R6 
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and equal signal ranges S2 and S6 , and equal distances from 
the center and edges of the graph 1000 and within the 
operating range OPR , and for which the signal curve por 
tions 1014 and 1022 are collinear , etc. ) . 
[ 0108 ] The signal curve portions 1012 and 1024 corre 
spond to the pair of saturation operating regions TP , which 
correspond to respective saturation probe tip position ranges 
and which are at the edges of the operating range OPR of the 
signal processing and control circuitry . The second pair of 
lower gain operating regions SP is between the pair of 
saturation operating regions TP , and the pair of saturation 
operating regions TP corresponds to a saturation state in 
which nominally no output signal change results from probe 
tip position change and for which there is nominally no 
corresponding gain . 
[ 0109 ] Certain ranges of FIG . 10 are noted to be in 
contrast to certain ranges of FIG . 8 , which are configured to 
be utilized with a stylus of a different length ( e.g. , a stylus 
with a length of 20 mm in the example of FIG . 8 as 
compared to a stylus with a length of 100 mm in the example 
of FIG . 10 ) . As an example , the scale for the X / Y probe tip 
position in the graph 800 extends from –2 mm to +2 mm , 
while the scale for the X / Y probe tip position in the graph 
1000 extends from -4 mm to +4 mm . As another example , 
the operating range OPR ( i.e. , of the gain signal curve 
portions 814 , 816 , 818 , 820 and 822 ) is 3.33 mm in the graph 
800 , while the operating range OPR ( i.e. , of the gain signal 
curve portions 1014 , 1016 , 1018 , 1020 and 1022 ) is 6.0 mm 
in the graph 1000 . 
[ 0110 ] It is noted that the scale for the UN element 
position is the same in each of the graphs 800 and 1000 , and 
extends from -1.8 degrees to +1.8 degrees ( e.g. , for which 
as illustrated and described above with respect to FIGS . 3-6 , 
the maximum movement ranges of the disruptor element 
within the position detection configuration may not change 
with different stylus lengths , etc. ) . In relation to this aspect , 
in order to achieve a similar central high gain operating 
region ( e.g. , with a similar amount of signal gain for a 
similar amount of X / Y probe tip position movement ) , a 
central high gain element position range may be modified in 
order to achieve such characteristics . More specifically , in 
the example of FIG . 8 ( e.g. , for a 20 mm stylus ) , the central 
high gain element position range R4 = EP -EP = 0.6 
degrees , which corresponds to the central high gain probe tip 
position range R4 = PTP P4B - PTP4A = 0.667 mm and with a 
gain GN4 - S4 / R4 = ( SIG PAB - SIGP4A ) / ( PT P48 - PT P4A ) = 2.66 
volts / 0.667 mm = 4.0 volts / mm . In the example of FIG . 10 
( e.g. , for a 100 mm stylus ) , the central high gain element 
position range has been modified to be 1/2 that of FIG . 8 , in 
order to achieve the desired characteristics as noted above . 
[ 0111 ] More specifically , in FIG . 10 , the central high gain 
element position range R4 EP P4B - EP P44-0.3 degrees , = 
which corresponds to the central high gain probe tip position 
range R4 = PTP 0.667 mm and with a gain 
GN4 = S4 / R4 = I ( SIG P4B - SIG P4A ) / ( PTP P4B - PTP PAA ) = 2.66 Pp4a = 
volts / 0.667 mm = 4.0 volts / mm . Thus , the desired probe tip 
position gain GN4 = 4.0 volts / mm of FIG . 8 for the 20 mm 
stylus is maintained in FIG . 10 for the 100 mm stylus by 
modifying the central high gain element position range R4 
to be shorter ( i.e. , range R4 = 0.3 degrees in FIG . 10 as 
compared to range R4 = 0.6 degrees in FIG . 8 ) . Similarly , if 
it was desired to move from the configuration of FIG . 10 to 
the configuration of FIG . 8 ( e.g. , for changing from a 100 
mm stylus to a 20 mm stylus ) , the central high gain element 

position range would be modified to be longer ( i.e. , to range 
R4 = 0.6 degrees in FIG . 8 as compared to range R4 = 0.3 
degrees in FIG . 10 ) . 
[ 0112 ] FIG . 11 is a diagram 1100 illustrating a process for 
performing a zeroing operation to adjust a zero position of 
a central high gain operating region . In relation to such 
processes and the probe configurations as described above , 
it is noted that a nominal position is not necessarily at the 
zero output of the sensing configuration or the geometrical 
center of the probe ( e.g. , as illustrated in FIGS . 3-6 ) . In 
various implementations , certain issues that result from 
manufacturing tolerances and electrical offsets can be com 
pensated for by performing a zeroing operation for zeroing 
the position . In various implementations , a central high gain 
operating region and other principles as disclosed herein 
may be applied with reference to a new nominal position that 
results from such zeroing operations , etc. 
[ 0113 ] In FIG . 11 , a central high gain operating region 
RE4 ' is illustrated as initially corresponding to a location 
RL1 on the X , Y axes , and for which a corresponding zero 
position ZER ' of the central high gain operating region RE4 ' 
is illustrated as initially corresponding to a location ZL1 
( e.g. , with coordinates ( 0,0 ) on the X , Y axes ) . The X , Y axes 
are in relation to an X and Y probe tip position , for which the 
graphs of FIGS . 8 and 10 in some implementations may be 
representative of both X and Y probe tip position ranges , for 
which there may be a separate graph for each axis , and for 
which the square operating region RE4 ' may have an X 
dimension corresponding to an X probe tip position range 
R4y and a Y dimension corresponding to a Y probe tip 
position range R4y . In such an implementation , the zero 
position ZER ' may be in the middle of both ranges as 
corresponding to an X , Y probe tip position of 0,0 in relation 
to the examples of FIGS . 8 and 10. Although not shown in 
FIG . 11 , a combination of first pairs of lower gain operating 
regions for each of the X and Y probe tip positions could be 
illustrated by a larger square as surrounding the square of the 
central high gain operating region RE4 ' ( e.g. , and for which 
gain adjustments could be determined according to when an 
XY probe tip position moved outside the high gain operating 
region RE4 ' to a corresponding lower gain operating region , 
in particular in an implementation where the gain for the X 
and Y probe tip positions is not adjustable independently , 
etc. ) . 
[ 0114 ] In further regard to the illustration of FIG . 11 , as 
part of a zeroing operation , in order to adjust for a manu 
facturing tolerance ( e.g. , as determined during factory cali 
bration ) , the central high gain operating region RE4 ' and 
corresponding zero position ZER ' are illustrated as being 
shifted to locations RL2 and ZL2 . Also as part of a subse 
quent zeroing operation , in order to adjust for a probe 
orientation ( e.g. , for which gravity or other factors may 
affect a stylus position , etc. , depending on an orientation of 
the probe when measurement operations are being per 
formed ) , the central high gain operating region RE4 ' and 
corresponding zero position ZER ' are illustrated as being 
shifted to locations RL3 and ZL3 . 
[ 0115 ] FIG . 12 is a diagram 1100 illustrating a process in 
which a range of a central high gain operating region is 
increased to encompass manufacturing tolerances during 
factory calibration . As shown in FIG . 12 , a central high gain 
operating region RE4 ' is illustrated with a corresponding 
zero position ZER ' ( e.g. , with coordinates ( 0,0 ) on the XY 
axes ) . In order to encompass manufacturing tolerances ( e.g. , 
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as determined during factory calibration , and such as illus 
trated by a potential zero position ZERX ' ) , a range of the 
central high gain operating region is adjusted ( i.e. , 
increased ) , as indicated by the adjusted central high gain 
operating region RE4 " . It will be appreciated that in various 
implementations such processes may also be performed to 
encompass other variations that may occur , such as due to an 
orientation of the scanning probe during measurement 
operations ( e.g. , for which gravity or other factors may affect 
a stylus position , etc. ) . 
[ 0116 ] FIG . 13 is a flow diagram illustrating an exemplary 
implementation of a routine 1300 for determining and 
transmitting a position sample . At a block 1310 , a request for 
a position sample is received ( e.g. , from a controller ) . At a 
block 1320 , a position sample is determined ( e.g. , as based 
on signals from sensing coils ) . At a block 1330 , the position 
sample is analyzed to determine if a transition operation is 
to be performed to adjust the gain . As an example , based on 
the position , the gain may be adjusted to transition from a 
central high gain operating region to a lower gain operating 
region , or vice versa . At a decision block 1340 , a determi 
nation is made as to whether the analysis indicates that a 
transition operation is to be performed . If the analysis of the 
position sample indicates that a transition operation does not 
need to be performed , the routine proceeds to a block 1370 , 
as will be described in more detail below . 
[ 0117 ] If a transition operation is to be performed , the 
routine proceeds to a block 1350 where the transition 
operation is performed to adjust the gain ( e.g. , as corre 
sponding to a transition from a central high gain operating 
region to a lower gain operating region , or vice versa , or 
between other operating regions corresponding to different 
gain levels , etc. ) . In various implementations , the gain 
settings may be included in the position data so that the 
appropriate compensation can be applied by the controller 
( s ) . In various implementations , it may be desirable to utilize 
some hysteresis to prevent gain oscillation , and it may also 
be desirable when determining the boundaries of the oper 
ating regions to avoid common measurement displacements 
that may frequently occur . At a block 1360 , after the gain has 
been adjusted , another position sample is determined ( e.g. , 
and for which in various implementations the previous 
position sample that was determined before the gain was 
adjusted may be transmitted , discarded , etc. ) . At a block 
1370 , the position sample that is determined after the gain 
has been adjusted is transmitted ( e.g. , to the controller that 
requested the position sample ) . 
[ 0118 ] In relation to the blocks 1330-1360 , in some imple 
mentations it may be desirable for the routine to return to 
block 1330 from block 1360 in order to analyze a subse 
quently determined position sample ( e.g. , in order to verify 
if more time or further adjustments are needed with respect 
to a current or additional transition operation , etc. ) . For 
example , in a case where saturation is occurring , in some 
instances a few iterations may be required to fully transition 
into a non - saturated operating state . In regard to such 
operations , as well as the operations of block 1360 for which 
a previous position sample may be discarded , it will be 
appreciated that the sample rates of such configurations may 
be relatively high ( e.g. , relative to a movement rate of the 
scanning probe and / or higher than a rate required by a 
controller requesting the position samples ) , such that in 
some implementations some of the position samples may be 
discarded or otherwise not utilized , and for which subse 

quent position samples that are acquired ( e.g. , after a gain 
has been adjusted ) may be transmitted and may still be 
within an acceptable timeframe for the requested position 
samples . 
[ 0119 ] In various implementations , it may also be desir 
able for a process such as that illustrated by FIG . 13 to take 
into account probe tip positions along both the X and Y axes 
( e.g. , such as illustrated in FIGS . 11 and 12 ) . For example , 
in relation to the X and Y probe tip positions , it will be 
appreciated that some types of transition operations may not 
change the gain independently ( e.g. , in some implementa 
tions a transition operation that adjusts power to the field 
generating coil configuration may affect the gain for both the 
X and Y probe tip positions ) . Thus , in some implementations 
it may be desirable for a process to take into account both the 
X and Y probe tip positions when a determination is to be 
made regarding a transition operation for adjusting a gain . 
For example , as indicated by the implementations of FIGS . 
8 and 10 , for probe tip positions in ranges further from a 
center point CEN , the gain may correspondingly be adjusted 
further down to avoid the possibility of saturation occurring . 
In accordance with such principles , in an implementation 
where the gain for the X and Y probe tip positions is not 
adjusted independently , it may be desirable for the gain 
adjustment to be determined according to whichever probe 
tip position ( i.e. , X or Y probe tip position ) is further from 
the center point . 
[ 0120 ] FIG . 14 is a flow diagram illustrating an exemplary 
implementation of a routine 1400 for operating a scanning 
probe . In various implementations , certain of the operations 
of the routines 1300 and 1400 may be similar , except with 
certain of the operations of the routine 1400 directed to a 
more specific example sequence ( e.g. , with a transition from 
a central high gain operating region to a lower gain operating 
region ) , as will be described in more detail below . As shown 
in FIG . 14 , at a block 1410 , a coil drive signal is provided 
( e.g. , wherein a field generating coil configuration generates 
a changing magnetic flux generally along an axial direction 
in a disruptor motion volume in response to the coil drive 
signal ) . At a block 1420 , signals are input comprising 
respective signal components provided by respective rotary 
and axial sensing coils . 
[ 0121 ] At a block 1430 , signals are output that are indica 
tive of an axial position and a rotary position , and for which 
an output signal change correspondingly indicates a change 
in at least one of an axial or rotary position , and for which 
three - dimensional position information ( e.g. , for a probe tip 
position , such as part of a workpiece measurement , etc. ) is 
determined based on the output signals . At a block 1440 , 
based on an indicated position , it is determined if a transition 
should be made from a central high gain operating region to 
a lower gain operating region . At a block 1450 , in response 
to a determination that a transition should be made , a 
transition operation is performed to transition from operat 
ing in the central high gain operating region with the high 
gain to operating in the respective lower gain operating 
region with the lower gain . In various implementations , the 
transition operation may include operations for adjusting the 
gain such as : adjusting power to a field generating coil 
configuration ; adjusting a gain of a front end amplifier ; 
altering characteristics of sensing coils ; adjusting an input 
range of an analog to digital converter , etc. 
[ 0122 ] As indicated above with respect to blocks 1410 
1430 ( e.g. , and in accordance with the operations of blocks 
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1320 and 1360 of FIG . 13 , etc. ) , signals are input from the 
rotary and axial sensing coils , on the basis of which signals 
are output that are indicative of an axial and rotary position 
( e.g. , of the probe tip ) , and for which three - dimensional 
position information may be determined based on the out 
put . As a specific example in relation to the components of 
FIG . 6 ( as described above ) , the digital controller / processor 
681 may process and / or combine digital signal values ( e.g. , 
corresponding to signals from the sensing coils ) according to 
various desired relationships ( for example , as prescribed in 
the relationships shown in EQUATIONS 5-7 , or the like ) , to 
determine and output the output signals APSOut and 
RPSOut , which are indicative of the axial position and the 
rotary position ( e.g. , of the stylus 506 and / or its probe tip 
548 ) . In some implementations , the digital controller / pro 
cessor 681 may be configured such that the output signals 
APSOut and RPSOut directly indicate the three - dimensional 
position of the stylus 506 and / or its probe tip 548 relative to 
the frame of the scanning probe . In other implementations , 
the digital controller / processor 681 may be configured to 
output signals that indirectly indicate the three - dimensional 
position of the stylus 506 and / or its probe tip 548 relative to 
the frame of the scanning probe , and a host system ( e.g. , a 
CMM , a host computer 120 , etc. ) may input such signals and 
perform additional processing to further combine or refine 
such signals and determine the three - dimensional position of 
the stylus 506 and / or its probe tip 548 relative to the 
scanning probe and / or relative to an overall coordinate 
system used for CMM measurements . 
[ 0123 ] In any case , the determination of signals ( e.g. , 
signals APSOut and RPSOut ) and / or subsequent calcula 
tions to determine the three - dimensional position of the 
stylus 506 or its probe tip 548 may include the gain as a 
factor ( e.g. , a gain that is utilized to produce a respective 
output signal is included as a factor in calculations for 
determining a corresponding position , etc. ) . As a simplified 
numerical example , in relation to FIG . 8 , for the illustrated 
central high gain operating region RE4 ( i.e. , with the cor 
responding signal curve portion 818 passing through the 
center point CEN ) , with the gain GN4 = 4.0 volts / mm , a 
probe tip position for a measurement point PTPMP ( e.g. , on 
a workpiece surface ) may be determined according to 
PTP Mp = SIGMP / GN4 = SIGY / 4.0 volts / mm . Thus , if the sig 
nal corresponding to the measurement point ( i.e. , signal 
SIGMP ) = 1.0 volts , then PTP MP = 1.0 volts / 4.0 volts / mm = 0 . 
25 mm . Similarly , for the illustrated lower gain operating 
region RE5 ( i.e. , with the corresponding signal curve portion 
820 being collinear with the signal curve portion 816 and 
with a line passing through the center point CEN ) , with the 
gain GN5 = 1.5 volts / mm , a probe tip position for a measure 
ment point PTP mp may be determined according to 
PTP Mp = SIGMP / GN5 SIGM / 1.5 volts / mm . Thus , if the sig 
nal corresponding to the measurement point ( i.e. , signal 
SIGMP ) = 1.0 volts , then PTP Mp = 1.0 volts / 1.5 volts / mm = 0 . 
67 mm . Similar calculations may be performed in relation to 
signal curve portions that are not collinear with a line that 
passes through the center point CEN , and for which an offset 
value may be included in the calculation in accordance with 
known methods , or in some implementations the gains and 
operating regions may be configured such that all of the 
signal curve portions are collinear with lines that pass 
through the center point CEN , for which calculations such as 
those described above may be utilized . 

[ 0124 ] In some implementations , a stylus length ( e.g. , 
which may be a factor in the position calculations for a probe 
tip , such as indicated by the EQUATIONS 2 and 3 ) may be 
manually indicated / entered by a user , or may be automati 
cally detected ( e.g. , in accordance with a sensor configura 
tion for sensing a stylus length , such as an RFID tag , optical 
indicator , etc. , on a stylus that is detected / read by a corre 
sponding sensor / scanner of the system , etc. ) . As noted 
above , the gain ( e.g. , as adjusted by transition operations in 
accordance with operating regions , and for which the length 
of the stylus may determine the ranges and / or characteristics 
of the operating regions that are utilized , as illustrated for 
example by the differences between FIGS . 8 and 10 ) may be 
a factor in the position calculations / determinations . 
[ 0125 ] As noted above , in some implementations a gain 
may be independently adjusted for each of the X and Y probe 
tip positions ( e.g. , as may correspond to signals RPSOut ) , in 
which case the respective gains may be adjusted in opera 
tions and utilized as factors as part of the respective calcu 
lations for the respective X and Y probe tip positions ( e.g. , 
for which the gains may be adjusted by transition operations 
in accordance with operating regions such as those of FIG . 
8 or 10 , for each of the respective X and Y probe tip 
positions , etc. ) . 
[ 0126 ] Alternatively , in some implementations a gain is 
not independently adjusted for the X and Y probe tip 
positions ( e.g. , as may correspond to signals RPSOut ) , in 
which case a single gain may be adjusted in operations and 
utilized as a factor as part of the calculations for both the X 
and Y probe tip positions ( e.g. , for which , in some imple 
mentations , the single gain may be adjusted by transition 
operations according to whichever of the X or Y probe tip 
positions is further from a center point and in accordance 
with operating regions such as those illustrated in FIG . 8 or 
10 , etc. ) . 
[ 0127 ] As a specific example in relation to FIG . 8 in an 
implementation where a single gain is utilized , if an X probe 
tip position PTPMPx is within a range R4y of an operating 
region RE4y ( e.g. , of a respective X probe tip position 
graph ) , but a Y probe tip position PTP 
R5y of an operating region RE5y ( e.g. , of a respective Y 
probe tip position graph ) , then since the Y probe tip position 
??? , is further from the center point CEN , in some 
implementations the single gain GN5 = 1.5 volts / mm may be 
utilized for both the X and Y probe tip positions , and for 
which each of the X and Y probe tip positions for a 
measurement point PTP mp may be determined according to 
PTPMP = SIGMP / GN5 = SIGM / 1.5 volts / mm . For example , if 
for the Y probe tip position the output signal corresponding 
to the measurement point ( i.e. , signal SIGMPY ) = 1.0 volts , 
then PTP Mpy = 1.0 volts / 1.5 volts / mm = 0.67 mm . Similarly , if 
for the X probe tip position the output signal corresponding 
to the measurement point ( i.e. , signal SIG MPx ) = 0.375 volts , 
then PTPMPx = 0.375 volts / 1.5 volts / mm = 0.25 mm . In rela 
tion to the example of FIG . 11 , the probe tip position PTP MP 
may be designated as being at corresponding ( X , Y ) mea 
surement coordinates of ( 0.25 mm , 0.67 mm ) . In relation to 
the example of the square central high gain operating region 
RE4 ' of FIG . 11 at the location ZL1 as described above , 
which may have an X dimension corresponding to an X 
probe tip position range R4y and a Y dimension correspond 
ing to a Y probe tip position range R4y ( e.g. , each as 
extending from -0.33 mm to +0.33 mm in accordance with 
the example values of FIG . 8 ) , for the probe tip position 
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the corresponding measurement coordinates ( +0.25 
mm , +0.67 mm ) would be outside of the square operating 
region RE4 ' ( i.e. , due to the PTP MPYA + 0.67 mm , and for 
which the single corresponding gain to be utilized would be 
the gain GN5 = 1.5 volts / mm of the first lower gain operating 
region RE5 rather than the gain GN4 = 4.0 volts / mm that 
would have been utilized had the measurement coordinates 
been within the square operating region RE4 ' ) . As noted 
above , in an alternative implementation where the gains for 
each of the X and Y probe tip positions may be adjusted 
independently , then in such a scenario the gain GN5 = 1.5 
volts / mm may be utilized for the Y probe tip position ( i.e. , 
with the values as indicated above ) and the gain GN4–4.0 
volts / mm may be utilized for the X probe tip position ( i.e. , 
for which PTP MPX -0.25 mm , and for which the correspond 
ing signal would be SIGMPx = ( PTP MPX ) ( GN4x ) = ( 0.25 mm ) 
( 4.0 volts / mm ) = 1.0 volts ) . It is noted that this higher signal 
SIGM mex = 1.0 volts as produced by the gain GN4 = 4.0 volts / 
mm may generally be preferable over the lower signal 
SIGMPX mex = 0.375 volts as produced by the gain GN5 = 1.5 
volts / mm ( e.g. , due to a higher corresponding signal to noise 
ratio for the signal , etc. ) , and for which the above numerical 
examples thus illustrate certain desirable characteristics of 
the techniques as disclosed herein . 
[ 0128 ] More specifically , in accordance with principles 
disclosed herein , ranges for central high gain operating 
regions and lower gain operating regions may be determined 
in accordance with typical probe tip deflections during 
measurement operations . For example , in some implemen 
tations typical probe tip deflections may be less than a few 
hundred microns ( e.g. , due to scanning of workpieces with 
relatively small defects and for which the dimensions are 
generally known and for which scanning movements are 
well controlled to follow along the surfaces and / or other 
features of the workpieces ) . In such implementations , a 
range for a central high gain operating region may be 
determined ( e.g. , extending from -0.33 mm to +0.33 mm , or 
extending from -0.5 mm to +0.5 mm , etc. ) so as to include 
a majority of such typical probe tip deflections , and for 
which a relatively high gain ( e.g. , 4.0 volts / mm ) may be 
utilized ( e.g. , as resulting in higher output signal levels for 
the typical probe tip deflections / measurements , with corre 
spondingly better signal to noise ratios , etc. ) . In addition , the 
one or more pairs of lower gain operating regions of such 
configurations enable a larger total range to be implemented 
( e.g. , extending from -1.67 mm to +1.67 mm , or extending 
from -2.0 mm to +2.0 mm and / or as corresponding to a full 
mechanical range , etc. ) , which may be utilized for probe tip 
deflections outside of a typical range ( e.g. , due to possible 
over - travel of the scanning probe during measurement 
operations , measurements of large defects , as part of colli 
sion detection as indicated by a probe tip being deflected to 
an edge of a mechanical range , etc. ) . 
[ 0129 ] It will be appreciated that the principles described 
above with respect to FIGS . 7-14 may be utilized with 
various configurations and types of stylus position detection 
portions and associated electronics , such as the stylus posi 
tion detection portions 411 , 511 , 511 ' described above with 
respect to FIGS . 3-6 . In addition , such principles may also 
be utilized with other configurations of stylus position 
detection portions . As some specific examples , such prin 
ciples may be utilized with the configurations disclosed in 
the previously incorporated U.S. Patent Publication No. 
2020/0141717 , as well as with the configurations disclosed 

in co - pending and commonly assigned U.S. patent applica 
tion Ser . No. 17 / 135,665 , entitled “ Inductive Position Detec 
tion Configuration for Indicating a Measurement Device 
Stylus Position ” , as filed on Dec. 28 , 2020 , and in co 
pending and commonly assigned U.S. patent application Ser . 
No. 17 / 135,672 , entitled " Inductive Position Detection Con 
figuration for Indicating a Measurement Device Stylus Posi 
tion and Including Coil Misalignment Compensation ” , as 
filed on Dec. 28 , 2020 , each of which is hereby incorporated 
herein by reference in its entirety . It will be appreciated that 
these incorporated references illustrate certain configura 
tions with variations in the locations , sizes and / or shapes of 
the sensing coils , field generating coils , disruptor element ( s ) , 
etc. , ( e.g. , with a single printed circuit board including all of 
the coils of the coil board configuration , and / or with a 
cylindrical disruptor element configured to move and fit 
within the hole of the coil board configuration , etc. ) , but for 
which the coils and / or associated operations are otherwise 
similar to those of the stylus position detection portions 411 , 
511 , 511 ' described above with respect to FIGS . 3-6 , and for 
which the configurations may similarly be utilized / imple 
mented with the operations , regions , ranges , calculations , 
etc. , as disclosed herein . 
[ 0130 ] While preferred implementations of the present 
disclosure have been illustrated and described , numerous 
variations in the illustrated and described arrangements of 
features and sequences of operations will be apparent to one 
skilled in the art based on this disclosure . Various alternative 
forms may be used to implement the principles disclosed 
herein . In addition , the various implementations described 
above can be combined to provide further implementations . 
All of the U.S. patents and U.S. patent applications referred 
to in this specification are incorporated herein by reference , 
in their entirety . Aspects of the implementations can be 
modified , if necessary to employ concepts of the various 
patents and applications to provide yet further implementa 
tions . 
[ 0131 ] These and other changes can be made to the 
implementations in light of the above - detailed description . 
In general , in the following claims , the terms used should not 
be construed to limit the claims to the specific implemen 
tations disclosed in the specification and the claims , but 
should be construed to include all possible implementations 
along with the full scope of equivalents to which such claims 
are entitled . 

1. A scanning probe for a coordinate measuring machine , 
the scanning probe comprising : 

a stylus suspension portion that is coupled to a frame of 
the scanning probe , comprising : 
a stylus coupling portion that is configured to be rigidly 

coupled to a stylus with a probe tip ; and 
a stylus motion mechanism that is configured to enable 

axial motion of the stylus coupling portion along an 
axial direction , and rotary motion of the stylus cou 
pling portion about a rotation center ; 

a stylus position detection portion arranged along a cen 
tral axis that is parallel to the axial direction and 
nominally aligned with the rotation center , comprising : 
a field generating coil configuration comprising at least 

one field generating coil ; 
a top axial sensing coil configuration comprising at 

least one top axial sensing coil ; 
a bottom axial sensing coil configuration comprising at 

least one bottom axial sensing coil ; and 

a 
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N top rotary sensing coils and N bottom rotary sensing 
coils , where N is an integer greater than 3 ; 

a disruptor configuration comprising a conductive disrup 
tor element that provides a disruptor area , wherein the 
disruptor element is located along the central axis in a 
disruptor motion volume and the disruptor element is 
coupled to the stylus suspension portion by a coupling 
configuration , wherein the disruptor element moves in 
the disruptor motion volume relative to an undeflected 
position in response to a deflection of the stylus sus 
pension portion , the disruptor element moving over 
operating motion ranges + / Rz - along the axial direction 
in response to the axial motion , and over respective 
operating motion ranges +/- Rx and +/- Ry along 
orthogonal X and Y directions that are orthogonal to the 
axial direction in response to the rotary motion , the 
field generating coil configuration generating a chang 
ing magnetic flux generally along the axial direction in 
the disruptor motion volume in response to a coil drive 
signal ; and 

signal processing and control circuitry that is operably 
connected to the coils of the stylus position detection 
portion to provide the coil drive signal and configured 
to input signals comprising respective signal compo 
nents provided by the respective rotary and axial sens 
ing coils , and output signals indicative of an axial 
position and a rotary position of the probe tip , and for 
which an output signal change correspondingly indi 
cates a change in at least one of an axial or rotary 
position of the probe tip , wherein the signal processing 
and control circuitry is configured to operate over a 
plurality of operating regions , the plurality of operating 
regions comprising : 
a central high gain operating region which corresponds 

to a central high gain probe tip position range ; and 
a first pair of lower gain operating regions which 

corresponds to respective lower gain probe tip posi 
tion ranges , wherein the central high gain operating 
region is between the operating regions of the first 
pair of lower gain operating regions , and wherein the 
gain of each operating region corresponds to a ratio 
of a magnitude of output signal change to probe tip 
position change for the respective operating region , 
for which the first pair of lower gain operating 
regions has lower respective gains than the gain of 
the central high gain operating region ; and 

wherein the signal processing and control circuitry is 
configured to perform a transition operation in response 
to a determination that the probe tip has moved from a 
position in the central high gain probe tip position 
range of the central high gain operating region to a 
position in a lower gain probe tip position range of a 
respective operating region of the first pair of lower 
gain operating regions , the transition operation result 
ing in the signal processing and control circuitry tran 
sitioning from operating in the central high gain oper 
ating region with the high gain to operating in the 
respective operating region with the lower gain . 

2. The scanning probe of claim 1 , wherein : 
the plurality of operating regions further comprise a 

second pair of lower gain operating regions which 
corresponds to respective lower gain probe tip position 
ranges , wherein the operating regions of the first pair of 
lower gain operating regions are between the operating 

regions of the second pair of lower gain operating 
regions , and the second pair of lower gain operating 
regions have lower respective gains than the gains of 
the first pair of lower gain operating regions ; and 

the signal processing and control circuitry is further 
configured to perform a transition operation in response 
to a determination that the probe tip has moved to a 
position in a lower gain probe tip position range of a 
respective operating region of the second pair of lower 
gain operating regions , the transition operation result 
ing in the signal processing and control circuitry tran 
sitioning to operating in the respective operating region 
of the second pair of lower gain operating regions with 
the lower gain . 

3. The scanning probe of claim 2 , wherein the plurality of 
operating regions further comprise a pair of saturation 
operating regions which corresponds to respective saturation 
probe tip position ranges , wherein the second pair of lower 
gain operating regions is between the pair of saturation 
operating regions , and the pair of saturation operating 
regions corresponds to a saturation state in which nominally 
no output signal change results from probe tip position 
change and for which there is nominally no corresponding 
gain . 

4. The scanning probe of claim 3 , wherein the signal 
processing and control circuitry comprises one or more 
amplifiers configured to amplify signals from coils of the 
stylus position detection portion , and the saturation state 
corresponds to a saturation of at least one of the one or more 
amplifiers . 

5. The scanning probe of claim 1 , wherein : 
the central high gain operating region which corresponds 

to the central high gain probe tip position range also 
corresponds to a central high gain element position 
range , which corresponds to an angular position range 
of the disruptor element , and is configured to be utilized 
in combination with a stylus of a first stylus length ; and 

for a stylus of a second stylus length , the central high gain 
element position range is configured to be modified to 
be at least one of : 
shorter , as configured to be utilized with a second stylus 

length that is longer than the first stylus length ; or 
longer , as configured to be utilized with a second stylus 

length that is shorter than the first stylus length . 
6. The scanning probe of claim 1 , wherein the signal 

processing and control circuitry is further configured to 
perform a zeroing operation to adjust a zero position of the 
central high gain operating region . 

7. The scanning probe of claim 1 , wherein the signal 
processing and control circuitry is further ured to have 
at least a position range of the central high gain operating 
region increased to at least one of : 

encompass manufacturing tolerances during factory cali 
bration ; or 

encompass variations that may occur due to an orientation 
of the scanning probe during measurement operations . 

8. The scanning probe of claim 1 , wherein the transition 
operation comprises reducing a power of the field generating 
coil configuration so as to reduce the ratio of the magnitude 
of output signal change to probe tip position change so as to 
correspond to the lower gain . 

9. The scanning probe of claim 8 , wherein reducing the 
power of the field generating coil comprises reducing the 
coil drive signal . 
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10. The scanning probe of claim 1 , wherein the signal 
processing and control circuitry comprises one or more 
variable gain amplifiers configured to amplify signals from 
coils of the stylus position detection portion , and the tran 
sition operation comprises reducing a gain of the one or 
more variable gain amplifiers so as to reduce the ratio of the 
magnitude of output signal change to probe tip position 
change so as to correspond to the lower gain . 

11. The scanning probe of claim 1 , wherein the transition 
operation comprises altering a characteristic of one or more 
of the rotary sensing coils so as to reduce the ratio of the 
magnitude of output signal change to probe tip position 
change so as to correspond to the lower gain . 

12. The scanning probe of claim 11 , wherein the altering 
of the characteristic of the one or more rotary sensing coils 
comprises utilizing at least one of a relay or switch to 
effectively decrease the operating size of the one or more 
rotary sensing coils . 

13. The scanning probe of claim 1 , wherein the signal 
processing and control circuitry comprises one or more 
analog to digital converters configured to convert analog 
signals from coils of the stylus position detection portion to 
digital signals , and the transition operation comprises alter 
ing an input range of the one or more analog to digital 
converters so as to reduce the ratio of the magnitude of 
output signal change to probe tip position change so as to 
correspond to the lower gain . 

14. The scanning probe of claim 1 , wherein the determi 
nation that the probe tip has moved from a position in the 
central high gain probe tip position range to a position in the 
respective lower gain probe tip position range is made in 
accordance with an analysis of a position sample which 
comprises signals from coils of the stylus position detection . 

15. The scanning probe of claim 14 , wherein after the 
determination is made that the probe tip has moved into the 
respective lower gain probe tip position range as based on 
the analysis of the corresponding position sample , and after 
the transition operation has correspondingly been performed 
to lower the gain , a new position sample is obtained and is 
utilized to indicate the probe tip position instead of the 
position sample that was obtained before the transition 
operation was performed to lower the gain . 

16. A method , comprising : 
determining three - dimensional position information 

based on inductive sensing signals generated by a 
scanning probe as the scanning probe is moved along a 
surface of a workpiece , wherein the scanning probe 
comprises : 
a stylus suspension portion that is coupled to a frame of 

the scanning probe , comprising : 
a stylus coupling portion that is configured to be 

rigidly coupled to a stylus with a probe tip ; 
a stylus motion mechanism that is configured to 

enable axial motion of the stylus coupling portion 
along an axial direction , and rotary motion of the 
stylus coupling portion about a rotation center ; 
and 

a stylus position detection portion arranged along a 
central axis that is parallel to the axial direction and 
nominally aligned with the rotation center , compris 
ing : 
a field generating coil configuration comprising at 

least one field generating coil ; 

a top axial sensing coil configuration comprising at 
least one top axial sensing coil ; 

a bottom axial sensing coil configuration comprising 
at least one bottom axial sensing coil ; and 

N top rotary sensing coils and N bottom rotary 
sensing coils , where N is an integer greater than 3 ; 

a disruptor configuration comprising a conductive dis 
ruptor element that provides a disruptor area , 
wherein the disruptor element is located along the 
central axis in a disruptor motion volume and the 
disruptor element is coupled to the stylus suspension 
portion by a coupling configuration , wherein the 
disruptor element moves in the disruptor motion 
volume relative to an undeflected position in 
response to a deflection of the stylus suspension 
portion , the disruptor element moving over operating 
motion ranges + / Rz - along the axial direction in 
response to the axial motion , and over respective 
operating motion ranges +/- Rx and +/- Ry along 
orthogonal X and Y directions that are orthogonal to 
the axial direction in response to the rotary motion , 
the field generating coil configuration generating a 
changing magnetic flux generally along the axial 
direction in the disruptor motion volume in response 
to a coil drive signal ; and 

wherein the determining of the three - dimensional position 
information based on inductive sensing signals gener 
ated by the scanning probe comprises : 
providing the coil drive signal ; 
inputting signals comprising respective signal compo 

nents provided by the respective rotary and axial 
sensing coils ; 

outputting signals indicative of an axial position and a 
rotary position of the probe tip , and for which an 
output signal change correspondingly indicates a 
change in at least one of an axial or rotary position 
of the probe tip , and for which the three - dimensional 
position information is determined based on the 
output signals ; 

based on an indicated position of the probe tip , deter 
mining if a transition should be made from a central 
high gain operating region to a lower gain operating 
region , wherein : 
the central high gain operating region corresponds to 

a central high gain probe tip position range ; and 
the lower gain operating region is one of a first pair 

of lower gain operating regions which corre 
sponds to respective lower gain probe tip position 
ranges , wherein the central high gain operating 
region is between the first pair of lower gain 
operating regions , and wherein the gain of each 
operating region corresponds to a ratio of a mag 
nitude of output signal change to probe tip posi 
tion change for the respective operating region , for 
which the first pair of lower gain operating regions 
has lower respective gains than the central high 
gain operating region , and for which a transition 
from the high gain operating region to a respective 
lower gain operating region should be made if it is 
determined that the probe tip has moved from a 
position in the central high gain probe tip position 
range to a position in a respective lower gain 
probe tip position range ; and 
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performing a transition operation in response to a 
determination that a transition should be made 
from the central high gain operating region to a 
lower gain operating region , the transition opera 
tion resulting in transitioning from operating in 
the central high gain operating region with the 
high gain to operating in the respective lower gain 
operating region with the lower gain . 

17. The method of claim 16 , wherein the transition 
operation comprises reducing a power of the field generating 
coil configuration so as to reduce the ratio of the magnitude 
of output signal change to probe tip position change so as to 
correspond to the lower gain . 

18. The method of claim 17 , wherein reducing the power 
of the field generating coil comprises reducing the coil drive 
signal . 

19. The method of claim 16 , wherein the signal processing 
and control circuitry comprises one or more variable gain 
amplifiers configured to amplify signals from coils of the 
stylus position detection portion , and the transition operation 
comprises reducing a gain of the one or more variable gain 
amplifiers so as to reduce the ratio of the magnitude of 
output signal change to probe tip position change so as to 
correspond to the lower gain . 

20. The method of claim 16 , wherein the transition 
operation comprises altering a characteristic of one or more 
of the rotary sensing coils so as to reduce the ratio of the 
magnitude of output signal change to probe tip position 
change so as to correspond to the lower gain . 

21. The method of claim 16 , wherein the signal processing 
and control circuitry comprises one or more analog to digital 
converters configured to convert analog signals from coils of 
the stylus position detection portion to digital signals , and 
the transition operation comprises altering an input range of 
the one or more analog to digital converters so as to reduce 
the ratio of the magnitude of output signal change to probe 
tip position change so as to correspond to the lower gain . 

22. The method of claim 16 , wherein the central high gain 
operating region which corresponds to the central high gain 
probe tip position range also corresponds to a central high 
gain element position range , which corresponds to an angu 
lar position range of the disruptor element , and is configured 
to be utilized in combination with a stylus of a first stylus 
length , and the method further comprises modifying the 
central high gain element position range based on a deter 
mination that a stylus of a second length that is different than 
the first length has been coupled to the stylus coupling 
portion . 

23. A system , comprising : 
a scanning probe ; 
a drive mechanism ; and 
an attachment portion attaching the scanning probe to the 

drive mechanism , wherein the scanning probe com 
prises : 
a stylus suspension portion that is coupled to a frame of 

the scanning probe , comprising : 
a stylus coupling portion that is configured to be 

rigidly coupled to a stylus with a probe tip ; and 
a stylus motion mechanism that is configured to 

enable axial motion of the stylus coupling portion 
along an axial direction , and rotary motion of the 
stylus coupling portion about a rotation center ; 
and 

a stylus position detection portion arranged along a 
central axis that is parallel to the axial direction and 
nominally aligned with the rotation center , compris 
ing : 
a field generating coil configuration comprising at 

least one field generating coil ; 
a top axial sensing coil configuration comprising at 

least one top axial sensing coil ; 
a bottom axial sensing coil configuration comprising 

at least one bottom axial sensing coil ; and 
N top rotary sensing coils and N bottom rotary 

sensing coils , where N is an integer greater than 3 ; 
a disruptor configuration comprising a conductive dis 

ruptor element that provides a disruptor area , 
wherein the disruptor element is located along the 
central axis in a disruptor motion volume and the 
disruptor element is coupled to the stylus suspension 
portion by a coupling configuration , wherein the 
disruptor element moves in the disruptor motion 
volume relative to an undeflected position in 
response to a deflection of the stylus suspension 
portion , the disruptor element moving over operating 
motion ranges + / Rz - along the axial direction in 
response to the axial motion , and over respective 
operating motion ranges +/- Rx and +/- Ry along 
orthogonal X and Y directions that are orthogonal to 
the axial direction in response to the rotary motion , 
the field generating coil configuration generating a 
changing magnetic flux generally along the axial 
direction in the disruptor motion volume in response 
to a coil drive signal ; and 

signal processing and control circuitry that is operably 
connected to the coils of the stylus position detection 
portion to provide the coil drive signal and config 
ured to input signals comprising respective signal 
components provided by the respective rotary and 
axial sensing coils , and output signals indicative of 
an axial position and a rotary position of the probe 
tip , and for which an output signal change corre 
spondingly indicates a change in at least one of an 
axial or rotary position of the probe tip , wherein the 
signal processing and control circuitry is configured 
to operate over a plurality of operating regions , the 
plurality of operating regions comprising : 
a central high gain operating region which corre 

sponds to a central high gain probe tip position 
range ; and 

a first pair of lower gain operating regions which 
corresponds to respective lower gain probe tip 
position ranges , wherein the central high gain 
operating region is between the first pair of lower 
gain operating regions , and wherein the gain of 
each operating region corresponds to a ratio of a 
magnitude of output signal change to probe tip 
position change for the respective operating 
region , for which the first pair of lower gain 
operating regions has lower respective gains than 
the central high gain operating region ; and 

wherein the signal processing and control circuitry is 
configured to perform a transition operation in 
response to a determination that the probe tip has 
moved from a position in the central high gain probe 
tip position range of the central high gain operating 
region to a position in a lower gain probe tip position a 
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range of a respective lower gain operating region of 
the first pair of lower gain operating regions , the 
transition operation resulting in the signal processing 
and control circuitry transitioning from operating in 
the central high gain operating region with the high 
gain to operating in the respective lower gain oper 
ating region with the lower gain . 


