PROBE ASSEMBLY W TH MULTI - DI RECTI ONAL FREEDOM OF MOTI ON AND MOUNTI NG
ASSEMBLY THEREFOR BACKGROUND OF THE | NVENTION Field of the Invention The
invention relates generally to testing of electronic devices and, nore
particularly, to a 5 nmounting assenbly for a test probe which allows

mul ti-directional freedomof notion of the test probe. The invention also
relates to a test probe assenbly. Background I nformati on Numerous types of
handhel d el ectroni c devices are known. Exanples of such devices include,
for instangﬁ% gﬁrsgpal data assistants (PDAs), handhel d conputers, two-way
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their assenbly process. The, g; i zg ?E Eggﬁgﬁglgn t he handhel d
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comuni caPbhsThedpyenting alsp kelateTtosa fepigprole 4saetaiel d el ectronic 20 device RF
features psib¥RLE onplished by way of a switch and probe. Figures
and 2 show a reprﬂhﬁ%ﬂﬁﬁﬁve exanpl e of a probe 2, which may be an RF probe,
and a switch MNimgroteiypésyf Hahéhol clettessc doine niedabivan Hxaaipluses sefh dehees

handhel d . tr.oni ¢ device not shown). The probe 2 includes an el ongated
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pl at 6012 delimladtctephbres, Anadie BkpriaxhyRiihtliel@a6MBdce06: 0urd WirtlBg 25 exanpl e

of Figure I, the_seconglend 10 i ncludes a receptacle for connection to, for
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wire 16 (Figure 2). In operation, the retractab porti retra into
t he el ondbriewsppely peooggfon engagi ng the switch 4 (best shown in Figure 2),

thereby enabl iRg o5 which are conducted on the handheld electronic device often include a test of

i5  radio frequency (RF) features and related circuitry of the device. As is known in the art, RF
devices enable, among other things, the wireless communication capabilities of the handheld
clectronic device. Other radio communications enabled by RIF devices include, without
limitation, navigation communications, satellite communication and navigation and
telecommunications, antenna communications, and the like. Testing of handheld electronic

10 device RF features is typically accomplished by way of a switch and probe.

Figures 1 and 2 show a representative example of a probe 2, which may be an RF probe,

and a switch 4 for testing the wireless communication features of the handheld electronic device
(not shown}. The probe 2 includes an elongated body 6 with a first, switch engaging end 8, a
second end 10 and a mounting plate 12 fixed to the body 6 proximate the second end 10. In the

25 example of Figure 1, the second end 10 includes a receptacle for connection to, for example, a
coaxial cable (not shown). The first end 8 includes a spring-loaded retractable portion [4 having
a switch-actuating probe, or wire 16 (Figure 2). I[n operation, the retractable portion 14 retracts
into the elongated body 6 upon engaging the switch 4 (best shown in Figure 2), thereby cnabling

insertion of the wire [6 into the switch 4. The switch 4 may be mounted, on a printed circuit



insertion of the wire 16 into the switch 4. The switch 4 may be nounted, on
a printed circuit -1 board (PCB) 18, as shown in Figure 2. The switch 4

i ncludes a receptacle 20 with sloped walls 22, 24 for guiding the probe
wire 16 into the switch 4 in order to engage and open a novable contact 26
(Figures 3A and 3B). Figures 3A and 3B generally show the novabl e cont act
26 of switch 4. Figure 3A shows 5 the novable contact 26 in the cl osed
position, while Figure 3B shows the novabl e contact 26 in the open
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Specifically, the probe 2 is typically rigidly mounted to the stationary structure or the

robotized structure (not shown) by fasteners, such as screws (not shown), which are inserted

20 through holes 28,30 in the mounting plate 12. Such rigid mounting of the probe 2 neglects to
provide sufficient freedom of movement of the probe 2 and, therefore, renders the probe
incapable of accommodating misalignment between the probe 2 and the device under test (DUT)
and, more particularly, misalignment between the switch 4 on the DUT, and the probe 2. Due to
the small size of the com ponents involved, i.e., the switch 4, the probe 2 and, in particular, the

25 wire 16, misalignment can easily occur, and in fact, frequently does occur. The small and thus
fragile nature of the probe wire 16 renders it particularly susceptible to damage during testing
sequences. Specifically, when misaligned, as shown in Figure 2, the probe wire 16 bends (not
shown) upon hitting an adjacent portion of the switch 4 (e.g., sloped side walls 22,24). Although
the rectractable portion 14 of the probe 2 includes a conical shaped recess 32 having sloped sides

30 34,36 which are adapted 1o assist in centering the probe 2, perfect alignment and insertion of the

probe wire [6 through the center of the switch receptacte 20 is seldom achieved. The rigid



shown) upon hitting an adjacent portion of the switch 4 (e.g., sloped side
wal | s 22,24). Although the rectractable portion 14 of the probe 2 includes
a coni cal shaped recess 32 having sl oped sides 30 34,36 which are adapted
to assist in centering the probe 2, perfect alignment and insertion of the
probe wire 16 through the center of the switch receptacle 20 is sel dom
achieved. The rigid -7 nature of the probe 2, therefore, tends to result in
the misaligned wire 16 being bent. Bending the wire 16 can damage (e.g.,

yield) and even break it. Bending also creates problens when the wre 16
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assentiby falowangtaasst probe to, through multi- dnect;onal freedom of movement, facilitate alignment of

the probe with the DUT and, therefore, reduce the possibility of bending or otherwise damaging
a portion of the probe.
Another aspect of the invention is to provide an improved test probe assembly that, in
response to being misaligned with the DUT, moves in accordance with one or more of a plurality
20  of directions of freedom of movement before yielding or fracture of the test probe occurs.
Another aspect of the invention is to provide an improved mounting assembly with at
least a first resilient mount for providing multi-directional freedom of movement of the test
probe.
Another aspect of the invention is to provide an improved mounting assembly for a test
25 probe of the type used to test an electronic device, in which the general nature of the mounting
assembly can be stated as including a base and at least a first resilient mount disposed on the
base, the at least a first resilient mount being structured to receive the test probe thereon and to
be at least partially deflectable to allow multi-directional freedom of movement of the test probe
with respect to the base. The at least a first support may include a spacer and a shoulder, the
30 spacer being disposed on the base, and the shoulder being disposed on the spacer, the at least a

first resilient element being disposed on one of the base and the shoulder and being structured to



25 probe of the type used to test an electronic device, in which the
general nature of the nounting assenbly can be stated as including a base
and at least a first resilient nmount disposed on the base, the at |east a
first resilient nmount being structured to receive the test probe thereon
and to be at least partially deflectable to allow nmulti-directional
freedom of novenent of the test probe wth respect to the base. The at

| east a first support nmay include a spacer and a shoul der, the 30 spacer
bei ng di sppsed on the base, and the shoul der being dlsposed on t he spacer,
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second supports are disposed within the through bores of the first and second resilient elements,

198,

20 and wherein the first and second resilient elements bias the attachment member of the test probe
toward the shoulders of the first and second supports and are independently deflectable to
provide the multi-directional freedom of movement of the attachment member upon the smooth
shanks. The test probe may be movable with respect to the base of mounting assembly in at least
a first direction and a second direction, wherein in the {irst direction, the test probe is movable

25 generally perpendicularly toward the base and wherein in the second direction, the test probe is
pivotable to a position which is not perpendicular with respect to the base. The test probe may
also be movable in a third direction with respect to the base, the third direction including
transverse movement of the attachment member between the smooth shanks of the first and
second supports. The first and second resilient elements may be movable between an

30 undeflected position and a plurality of deflected positions wherein both of the first and second

resilient elements being disposed in substantially the same deflected position of the plurality of



provide the multi-directional freedom of novenent of the attachnent nenber
upon the snooth shanks. The test probe nay be novable with respect to the
base of nmounting assenbly in at least a first direction and a second
direction, wherein in the first direction, the test probe is novable 25
general ly perpendicularly toward the base and wherein in the second
direction, the test probe is pivotable to a position which is not
perpendi cular with respect to the base. The test probe nay also be novable
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Figure 4 is an exploded, perspective view of a probe assembly including a mounting

assembly for providing multi-directional freedom of movement of the test probe in accordance
with the invention, and a switch.
Figure 5 is a perspective, assembled view of the probe assembly of Figure 4, modified to
20 employ a different base in accordance with another embodiment of the invention.
Similar numerals refer to similar parts throughout the specification.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

For purposes of illustration, the invention will be described as applied to a radio

frequency (RF) probe for engaging and actuating an associated switch to test RF circuits and
25 features of a handheld electronic device. However, it will become apparent that the invention
could also be applied to any other known or suitable type of probe and switch for testing a wide
variety of circuits, systems and features of any electronic device.
Directional phrases used herein, such as, for example, feft, right, clockwise,
counterclockwise, up, down and derivatives thereof, relate to the orientation of the elements

30 shown in the drawings and are not limiting upon the claims unless expressly recited therein.



Figure 5 is a perspective, assenbled view of the probe assenbly of Figure
4, nmodified to 20 enploy a different base in accordance w th anot her
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The exemplary test probe 102 is an RF probe 102 much like the RF probe 2 illustrated
20 and describe previously in connection with Figures 1 and 2. Such probes are commonly referred
to in the art as microwave coaxial connectors and are commercially available from Murata
Electronics North America, Inc. of 2200 Lake Park Drive, Smyrna, Georgia. Similarly, the
switch 4, commonly referred to as a SWD type switch, which is compatible with the probe 102 is
also available from Murata Electronics. The foregoing probe, switch combination is commonly
25 used, for example, for characteristic measurement of handheld telephone and microwave circuits
and is, therefore, ideal for use in testing RF systems of handheld electronic devices (not shown).
It will, however, be appreciated that the mounting assembly 150 of the invention could
alternatively be employed with any known or suitable probe other than the one shown and
described herein.
30 As shown in Figure 4, like probe 2 of Figures 1-3, probe [02 has an elongated body 106

with a first, switch-engaging end 108, a second end 110 and an attachment member 112 disposed



inaplurality of directions with respect to the base 152 and will be nore
fully understood with reference to Figure 5, as described hereinbel ow. The
exenplary test probe 102 is an RF probe 102 nmuch |ike the RF probe 2
illustrated 20 and describe previously in connection with Figures 1 and 2.
Such probes are commonly referred to in the art as m crowave coaxi al
connectors and are comrercially available fromMirata Electronics North
Anerica, Inc. of 2200 Lake Park Drive, Snyrna, CGeorgia. Simlarly, the
switch 4, conmonly referre 3 S type switch, which is conpatible
with the pro(’%émarﬂ%éleiSS"o“&eEg Imaﬁ%ﬁﬁée‘%ﬁ%aﬁmlﬁ%‘adfﬁl the FRiietractabip gortion 114
foregoi ng phiheeu®W ih@NhCBFHY MBlth QRpdse HEAWRAlY (AR UFeHre T ALBMRARY, Jr08e
characteristic nmeasurenent of handhel d tel ephone and m crowave circuits

and is, thé&fetuibe foatees theree! mawby identéest foryolRE2 & strent-30br tramaltradrd features of
el ectronic i t S . M. ver . he appreciated . that the
mount | ng. eSOty 7500 o ke rok bl QR B AR LB RS bt
with arfy kmedifiedrinsainpaizoe tprobetigf fler IRhdRidure long 5 hovweataitst ade seohdedts
herein. 30 ho in.Figure 4 |i pr .of Figures . 1-3, probe 102 has
an eIongat%%fB%H9%%ﬁ%OfWF%ﬁ“&“éﬁ??Pgﬁgﬁf?@ﬁgéﬁﬁﬁﬁ?ﬁgﬁeﬁﬁ“édﬁ?m§“§@€8ﬁ@“bnd

110 and anl 2% tactiaioh 16reahite 1km hisBRYE6hal fi€eRiP¥F Bl &ndii 8 ARGADKE 20l 110.
The first end 108 al so includes the same retractable portion 114 which

retracts ifERFCt RdbDbREG 1106t is gndsipiosd thahibe svptechefdigwas bend dcovlidatsobes.

Accor di ngl g : es; I . ' ,cal to probe
2 (Figures ??g?%gﬁﬂB%g%g%H%%%%S?ég J$2é§g§aﬁgﬁgBb%ﬁ%ggﬁﬂggﬁgéhﬁg'different.
For ex@npl e, t heeexemplantgrobe { 82 isriposatembanst ii2etras rhabent Snavndi FUeds. Bach

conpari son,.t; i 2 Figures | an 0 create firs d
second sl gfs %He%%ggﬂi’ﬁsgh‘ggéesoa?ﬁ%aﬁleag#ﬁsf%’tpp%‘mgg’i@%aﬁp‘%g%%5‘8&,’8%&{‘fﬁ:{l’ﬁ?ﬁ es
1-2). \Mi Iskowhén Bigargf)any aslesdt s firdi28si a0 eleuat i 5001 340 ThaGikhinpRisBodRAgnd
multi-diregti ngh freeqog1%j noverment of the probe 2 with respect to the
base 150, G169 GfGRYEtIBET HRLANdiSRerngsepROTS 15P, 10P gud Bsst endhprgond resiliedt al so
be —enpl oykanatitd 0L IBE. MRUALENENRSFROR! MimbePof WhbBMndtiBlifeRel ANt LG
modi fi cation. 10 The exenpl ary probe 102 is di Sposed on first an secahd
resi | ilént SHisthhe confiByration, copltiternagisilyibe mphayed withedt dpBrtingdbud ge cancdpeadt a

% VPR 169 e aROReth A0 08 0t SRl A U
descri bed threstbémsuppret Uiteis efsentidlljeidentperiandusiugp OfteSu it 168inanded 4 §aterand
second T e%‘nc':l Iaes'\i%ulder 160, the spacer 158 being disposed on the base 152 and the shoulder 160 being
disposed on the spacer 158, as shown in Figure 5. The resilient clement 182,184 is disposed on
20 the base 152 and biases at least a portion of the test probe 102 toward the shoulder 160. It will
be appreciated, however, that the resilient element 182,184 could alternatively be disposed on the
shoulder 160 and bias at least a portion of the test probe 102 toward the base 152.
In a preferred embodiment of the invention, shown in Figures 4 and 5, spacers 158,170 of
first and second supports 156,168 are disposed in first and second openings (e. £, first and
25 second slots 128,130) of the test probe attachment plate 112. In this embodiment, the at least a
first resilient element includes first and second resilient elements, such as the exemplary first and
second linear springs 180,184, shown. Each linear spring 180,184 has a through bore 182,186
through the center of the spring coils. Of course, other known or suitable types of resilient
elements (not shown) could be employed. Similarly, as best shown in Figure 4, the exemplary

30 supports 156,168 are threaded fasteners each having a first threaded end 162,174 and a second

end 164,176 with an enlarged head 166,178 having the shoulder 160,172, wherein the spacer of



el ements 180, 184. However, any suitable nunber of supports and resilient
el enments, in any 15 suitable configuration, could alternatively be enpl oyed
wi t hout departing formthe concept of the invention. For sinplicity of
di scl osure, only one support 156 will be described in detail, as the other
support 168 is essentially identical in structure. The support 156 incl udes
a spacer 158 and a shoul der 160, the spacer 158 bei ng di sposed on the base
152 and the shoul der 160 being disposed on the spacer 158, as shown in

Figure 5. The.resiljent elenment 182,184 is di sed on 20 the base 152 and
bi ases at ?%@g?ﬁﬂmbgggﬁgﬁs%EQFH%%F%EPt Bﬁﬁ?iégﬂ%@%HFH”%ﬁéh@ﬁ@ﬁﬁé§ﬂ7% Lt
will be appé egéatedrst BRVGIET 24, tHAteveRAny @86 81%uiBbR FRBInak &2subBdk 6PHk@ner

alternatlvelé#be di sposed on the shoulder 160 and bias at | east a portion

of the test! t@ﬁ@ﬁi@ﬁ@tom&rd the base 152. In a preferred enbodi ment of the
invention, shown i éﬁ'g%ril?%i gn'@ﬂQ?f?sm&Rﬁgngnﬁs 13841709 L exgnlnr{lgtry tﬁtlrggqe%econd
infir se penings (e’g., Ti

supports 156, 168 are di spos st an cond o rst and
25 secénd fsitatess 158868309 disfosehen the slotspi28h80dFipasuimiithqikatpeoelitacimed hi s

enbodi nent, the | east first resilient nt .includes first and
second reé???%%#?%?@ﬁ%ﬁ?gﬁhgﬁéhﬁﬁngwghb%@ﬁﬁggﬁgg?{wg?“%ﬁ833§@8%ﬁﬁﬁmﬁﬁ¥ar
springs 18MGcdiBpringhBoN.84EIEH thitaRATirS RN BA, F8ArdBSofdnt BrAMINy IR @nd
182,186 thro %h the center of the spring coils. O course, other known or
sui tabl e t%’é?ﬁ wfenewsliop; lofiare readmglyscewsd wathswrorrespruidingnlirseansl seyand. threaded

Simlarlygnasurbe W 4 - : are
t hr eaded ﬁgsténe?&hgggﬁ@ﬁggﬁﬁgagﬁ%F$é%it fggggﬁhggﬁw%%§§??ﬁygﬁgmé§§%%g§d
end 164, 17647t wcarfaimnd an gecbase 472, 364, th7Bhh Avst ngyl sdvend bpirgd d60,180bidT the
wherein t - h, | ener, 156 8 s er.al |y sppot h shank
158, 170 bersabRiEhePha AT s Y8 TR o R Rl T e R8s 74
However, df§,l&holie st sudi seadidereslidm kleatenisd U pROitsphgd BRY B93¢hre, GRfslebe
enpl oyed. . best  sh inh Figur , the smooth shanks 158,170 of the
exenpl ary *ﬁpwa%%p* deilepiablednar “%5‘3? pedi-drectignalyiredam of mavemenbeidha 28, 130
(Fi gure 4hughniehemt@sr NRAREH Al RRIEMHankBIENH, 112 and extend through the
through bores 182,186 of the first and second exenplary |inear springs

180, 184, The t hhehwsed SEpf dee reqiéing esembly (38 muy be apdofiomiveyduenploasyitabler st

and. . ccomBuAPLENRE SIS0 IR% 5t gl gL, BeRUL U By PGhSRIRIS ™0

t hi s mannesilichhmoaxetay. ard, 1583 id dceatdameunitts thkGndend pd.5 Boiagx@mphd, avaéidfeeant t he

base 152, bases PSZI J}%t ] Stzhaerefs. 5\%}1 i pl%urseg%%rr]lg S,S er;s;inergz 1%(—:1%7?8!!11 g ZA{H gtih%rs C(;[ntllp%nents of the
test probe assembly 150, other than the biases 152,152, are the same.

20 In the examples of Figures 4 and 5, both bases, 152 (Figure 4) and 152 (Figure 5), have
first and second threaded apertures 190,192; 1907,192" which are generally aligned with the
openings (e.g., slots 128,130 (Figure 4)) of the test probe attachment member 112, This is in
order to facilitate movement of the ends 194,196 of the attachment member 112 upon the smooth
shanks 158,170 of the first and second fasteners 156,168. Movement of the ends 194,196 may

25 oceur either independent or simultaneous. Both bases, 152 (Figure 4) and 152" (Figure 5), also
include an oversized aperture 198 (Figure 4), 198 (Figure 5) which receives a portion (e.g.,
second end 110) of the elongated body 106 of the test probe 102 and allows the multi-directional
freedom of movement of the test probe 102 with respect to the base 152,152, The oversized
aperture 198,198 also provides access o the second end 110 of the probe 102 in order to, for

30 example, connect a coaxial cable {(not shown) thercto. Additionally, bases 152,152 both include

a number of mounting apertures (e.g., 200,202 of Figure 4; 200°,202" of Figure 5). It will be



attachnment nmenber 112 of the test probe 102 toward the shoul ders 160, 172 of
the fasteners 156,168. The first and second resilient elenents (e.g.,

| i near springs 180, 184) are, therefore, independently deflectable to
provide the multi-directional freedom of novenent of the attachnment nenber
112 upon the snmooth shanks 158,170. 15 The base 152 of the nounting
assenbly 150 nay be nade from any known or suitable material and may be
configured in any suitable manner in order to accommbdate one or nore

resilient mounts ., 154,155) in accordance with the invention. For
exanpl e, t WHHIAE ‘%‘rﬂmselﬁ%@@“&s@l’%ﬂh‘ﬁ mayhe afraay shisbhe nymigirgod é@nﬁguaam%
respectivejy. ihe ’ r 0
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152" (Figure 5), also 1nclude an oversi aperture

(Figure 5)Sti\HMU€,eld lp eesuratbs entingdest pohe awseybly 1@do@hﬁjseemdtelslruei)lrmfSlIcthastemng
el ongat ed f. di recti onal
Fr eedom of ey et I \fRbrRERish o P e AT PR SRRte eBbiehs BaBSiS
152, 132" . Wiheh peencgizddo bapsetadr xﬁtoili%mbﬁn&mgadp&ﬁu% QU0 des MOCESES th eedultethe

second end 1 he probe 102 in order to, for 30 exanple, connect a
coaxi al gﬁ %@Hgé &Wﬁmﬁ) thereto. Additionally, bases 152,152" both

include a nunbexilicfe aﬂsgwaraltéaighﬁnﬁé Bé&é@esg( 859152 ?—FMQ %Q%npimﬁb%'i;% #£hd shape.
200' , 202’ of Flgure 5. It will be -8 appreciated ¥ hese nounti ng

aper t ur es FRESX BB Pagn525 af FighreeS i watrsnllaredtao i @usnhapq, bmvmgnﬁcwesgmpgs f or
connecti OQOQfZ%hQ()@QH@ﬁ'I@?pag%t : Zed}én%éﬁ}ma? s?tp%???érr]git}% énterslr“frenlj[ﬂ(»v%vér thd s

stationary el ement iece of not “shown)) .
For exanpllé? Oﬁﬁlgere%lmmsbedfmgdﬂ'&d tczflreumle wdgsrsa2(Baintd 200. Shan@ﬁahediceﬁ@nm@ﬁ

200, 202 t hraough osing.corners 204 of the base 5 152, | e base 152
of i gur e i R BERRRS 1 BeBH S v ST hisPen’ oum RG o3ROk Al oTBOET ng
corners 2@semBR600. It wilSfurReletesdppRditdaahatl (18i18 | RlekeABR20R S Fﬁﬂ by sﬂam@&%
200", ZOZIQ%EBEQLG 5) are intended to receive fasteners (not shown)

ot her kno lgﬁr@lglg{eecopg%mgﬁpqi@e brahmadestypm FR-4, commonly referred to as G- 10 and

to have a thickness of about 3/16 inches, that any know or suitable alternative material of any
20 suitable thickness, could be employed. G-10 is a rigid, wear resistant material commonly used to
make printed circuit boards (PCBs).

Accordingly, in view of the foregoing, it can be appreciated that the mounting assembly
150 of the invention can be fashioned economically from existing or readily available
components (e.g., springs; shoulder screws), can be readily employed with a wide variety of

25 existing probe types, and can be easily adapted for use with many different types of testing
equipment (not shown).

Continuing to refer to Figure 5, the multi-directional freedom of movement provided by
the mounting assembly 150 of the invention, will now be described in greater detail. As
previously discussed, “multi-directional fieedom of movement,” as used herein, refers to the

30 ability of the test probe 102, as provided by the mounting assembly 150 of the invention, to

move among an infinite number of directions and positions with respect to the base 152, 152"



structured to secure the entire test probe assenbly 100 to the separate
structure. Such fastening nechanismmay include, without Iimtation, a
portion of the separate structure (not shown) 10 which is structured to be
inserted into the nounting apertures 200, 202; 200',202' to secure the base
152, 152" thereto. It wll be appreciated that the base (e.g., 152,152') may
be any suitable size and shape. For exanple, base 152' of Figure 5is
general ly rectangul ar in shape, having four corners 204',206', 208 and 210

(partial l ychi dde hi nd f ast ene f Figure 5). However, the base 15
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by the nnun&kggtassenbl gp_of the invention, to nove anmong an infinite
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PSRRI L ROl ARy e
exenpl ar y vpreobe ofig2 teshprobay(eqf,, probe 2 of Figures 1-2).
More specifically, the test probe 102 is movable with respect to the base 152° of the
mounting assembly 150 in an infinite number of directions. For simplicity of disclosure, these
20 infinite directions will be broadly characterized into first, second, and third directions. To help
depict these directions of movement, a X,Y,7Z Cartesian coordinate key and two axes 212,214
have been added to Figure 5. The first axis 212 is aligned with the X-direction. The second axis
214 is aligned with the Z-direction. The first direction is indicated generally by arrows 216 and
218, which represent movement of the test probe 102 which is generally toward the base 152
25 (e.g., up and down in the Z-direction, with respect to Figure 5). Each of the resilient elements
(e.g., springs 180,184) is movable between an undeflected position (shown in Figure 5) and a
plurality of deflected positions (not shown) to provide this and other movements of the probe
102. Accordingly, in the example shown, it will be understood that movement in the first
direction 1s provided by deflection of both springs 180,184 between the undeflected position and
30 substantially the same deflected position of the plurality of deflected positions. Such movement

would entail both ends 194,196 (Figure 4) of the test probe attachment member 112, and thus the
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5 the nounting assenbly 150 of the invention, will deflect as necessary to
accommodate the msalignnent and, nore inportantly, to avoid bending the
wire 116. In other words, the resilient nounts (e.g., 154, 155) of the

i nventi on advant ageously provide the exenplary probe 102 with "play"
during probing operations. Thus, the probe 102 is provided with the

af orenentioned mnulti-directional freedom of novenent not only during
engagenent between the DUT and the 10 probe 102, but al so throughout the
duration of the Bﬁpln operatlon This is a significant inprovenment over
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W th respectmt)o Figure 5 Each_of the resilient el enen (e.g., springs
180, 184) (%% %B‘Iﬁé‘t%@t‘ wipTapssiflelarabe epEHORosi ti on (shown in Figure 5) and
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movenents of the 102. Accordingly the exa
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retained between the fastener shanks 158,170, as shown. Movement in the third direction

20 typically occurs in a plane (e.g., the X-Y plane) which is substantially parallel to the horizontal
X-Y plane of the base 152". Among the movements included within this category, are
movements in the directions generally indicated by arrows 224 and 226, which are generally in
the Y direction (from the perspective of Figure 5), and arrow 228, which is generally in the X
direction (from the perspective of Figure 5). Of course, it will be understood that the ends

25 194,196 (Figure 4) of the test probe attachment member 112 may be moved different distances
and even in different directions thus providing additional movements such as, for example,
rotation of the attachment member 112 and test probe 102 about the X-axis 212, as indicated
generally by the arrow 230, or about the Z-axis 214, as indicated generally by arrow 232. It will
also be understood that the multi-directional freedom of movement provided by the mounting

30 assembly 150 of the invention also includes any possible combination of the aforementioned

movements and directions of movement.
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i ndi cated by arrows 216 and 218. As previously discussed, the springs

180, 184 are al so i ndependently deflectable in the direction indicated by
arrows 216 and 218. Thus, a second direction of novenent with respect 5 to
t he base 152" can be achi eved wherein the test probe 102 pivots to one of
an infinite nunber of positions in which the probe 102 is transl atable, or
pi voted, with respect to the base 152'. One exanple of such a pivoted
(e.g., wthout Iinitation non- per pendi cul ar) test probe position is

i ndi cat ed generglk%_bg shed |.ine 220 of  Figure 5 which represents t he
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t he horlzoghﬁjen%tmxgﬁane of the base 152'. Anong the novenents incl uded
Wi thin thi ca egory, are novenents in the directions generally indicated
by arrows 224 and 226, which are generally in the Y direction (fromthe
perspective of Figure 5), and arrow 228, which is generally in the X
direction (fromthe perspective of Figure 5. O course, it will be
understood that the ends 25 194,196 (Figure 4) of the test probe attachnent
menber 112 may be noved different distances and even in different

di rections thus providing additional novenents such as, for exanple,
rotation of the attachnment nenber 112 and test probe 102 about the X-axis
212, as indicated generally by the arrow 230, or about the Z-axis 214, as
i ndi cated generally by arrow 232. It will also be understood that the

mul ti-directional freedom of novenent provided by the nmounting 30 assenbly
150 of the invention also includes any possible conbination of the

af orenenti oned
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novenents and directions of novenent. -11 Accordingly, the invention

provi des an inproved test probe assenbly 100 and an inproved nounting
assenbly 150 to provide nmulti-directional freedom of novenent of the test
probe 102 to one of an infinite nunber of positions. Therefore, the

i nvention can acconmpdate m salignnment between the test probe 102 and the
swtch 4 of the DUT and substantially 5 mnimze the potential for damage
to the probe 102. Wil e specific enbodi nents of the invention have been

described in detail, it will be appreciated by those skilled in the art

t hat varigﬁstanLfigatlons and alternatives to those details could be
devel oped “8¢%:the overal | teachings of the disclosure. Accordingly,
the particular arrangenents disclosed are nmeant to be illustrative only

and not limting as to the scope of the 10 invention which is to be given
the full breadih of ArneinéingiesrsmdbpldAbller arst preye EfE), ahg moerjingsscars

t her eof ﬁﬁn¥ﬁﬂﬁné .claimed is: 1. A nounting assenbly (150) for a test

pr obe (10£ tlng assenbly (150) conprising: a base (152); and at
| east a first reS|Iaémm(HﬁDnmd(154 155) di sposed on the base (152), the at

or abe(102) 1 her eon Sldeh IRyl Rt (i Fp B idtonBe LD D, IRl

mul ti - di r e¢ikdt eaalent meestqmsQf] sm@m&m ©fredeh@ theskt ROV E02) (HHEN dtRingespect
to the base Srggggi wherein the at |east a first resilient npunt (154, 155)
{ Y

i ncl udes setlsciable togliggplticdirsgtionp Gyedams pfguavenamt phde fgsaropa 52)

and at Ieggg)@ngkéﬁgmqggkhhgﬂ% 158, ement (180, 184); and wherein the at
| east a first support 8) includes a spacer (158, 170) and a

shoul der (160, 172) Wh‘tlhlé tlgepa;td@st ¢ 58 resilizo) mbmtrﬁwéidlléﬁ))osédd@mt teaet aste
[ oast o 1Bp LB PRGN C b RBRTS syt BE RGPS R om0 gt
| east a pardion of the test probe (102) toward one of the base
wherein the at least a first support (156, 168) includes a spacer (158, 170) and
a shoulder (160, 172), the spacer (158, 170) being disposed on the base (152), and the
shoulder being disposed on the spacer (158, 170), the at least a first resilient element (180,
184) being structured to bias at least a portion of the test probe (102) toward one of the base
(152) and the shoulder (160, 172);
wherein the at least a first support (156, 168) includes a first support (156) and
a sccond support (168), the first and second supports (156, 168) each including a spacer (158,
170) and a shoulder (160, 172); and
wherein the spacers (158, 170) of the first and second supports (156, 168) are
structured to extend through first and second openings (128, 130) of an attachment member
(112} of the test probe (102).

2. The mounting assembly (150) of claim 1 wherein the at least a first resilient
element (180, 184) is disposed on one of the base (152) and the shoulder (160, 172) and is
structured to bias the at least a portion of the test probe (102) toward the other of the base
(152) and the shoulder (160, 172),

- 13-



(152) and the shoul der (160, 172); wherein the at least a first support
(156, 168) includes a first support (156) and a second support (168), the
first and second supports (156, 168) each including a spacer (158, 170)
and a shoul der (160, 172); and wherein the spacers (158, 170) of the first
and second supports (156, 168) are structured to extend through first and
second openi ngs (128, 130) of an attachnment nenber (112) of the test probe
(102). 2. The nounting assenbly (150) of claim| wherein the at |east a
first resilient elenent (180, 184) is disposed on one of the base (152)

and the shoulder (1 172) and i tured to bi s t he at._ | east

portion of the’test ?% %Hn%nﬁ@ﬁfe”i‘@%éf%) Pﬁ‘élalfi"t gpneygin ﬁét paga ﬁrﬁtf?)%‘}enénd t he

shoul der Ek&fnt ?13’@,)184) inkRideBa fitkResIMRHN1EAENt 3555 ABE YurthdPOm@fses h adcbhd

wherein the at | east first resilient elenment (180, 184£ includes a first
gl

resi | i ent 'Sllisnerementdbi4) othe firgg la@%éqcoeféw@ﬂﬁesre@erae@%@@ﬂdl 84p geing insigpenderthient
(184), t NGefdct:le B EGEADthulllrbdiRALI FocBBRUr i, 184) Dbeing

i ndependent |y I"ect e to provi Irectional freedom of
novenent. 4. The nounting assenbly (150) of clain1l wherein the at |east a

first t ,(156., 168 | ud t h shank
(158, 170} 1 nd" shobiapintr sty 3ol pEmhr ESheki Bhacke e Al PR an- end
of the Snpﬂﬁhlﬁ)&m:lm&eéﬁ&helﬁ&)ar(IfSBdl’)\mgrsﬁﬂoﬂthtsh@n}&(fms)tlf’m?h@@i‘hoﬁﬂd%ﬁ%lé@70) i's

structure? pbe novabl osed wthin an openlngw%%28 130) of an
at t achnen rdls(pﬁ!&@ﬁ)S“B%ta‘%tﬁély £bat crghafislee gmepgly shagk umd ng assenbl y

(150) of claim4 'n\%é%@l'n'iﬂeQﬁo&tﬂ%ﬁk(l?@?%)@s%ﬁrﬁ&ﬁm E@@éﬁb@#& ARMRLa (154,

155) a pair of resilient nounts east a |rst support
(156, 168Yyithingnegemys &l 28 13D of ap pachmensBymberd 1 H2)3d dortdstpupmdd §2)( 168) t hat
each include a snooth shank (158, 170) and a shoul der (160, 172), the at
|l east a first resilient elenent (180, 184) including a first resilient

el ement (180) havi ritheandlitogghschit (1608 clami mchai@ngd the £3ddsi £fitst el ement

(184) havin thro erein the sppoth shanks (158, 170) of
the 11 ot adanebtinia, E%ératp(é"‘“(o?%‘heni%)mtéﬂes“dﬂ%‘Bo%‘é&t e RiStsHEParhr ough
bores (182561@8) iRfudipen fidst Silppai @1 ¥§6ANE s&c8Bd LippBEt (168) that each include a
smooth shank (158, 170) and a shoulder (160, 172), the at least a first resilient element (180,
184) including a first resilient element (180) having a through bore (182) and a second
resilient element (184) having a through bore (186),
wherein the smooth shanks (158, 170) of the first and second supports {156,
168) are disposed within the through bores (182, 186) of the first and second resilient
clements (180, 184), and
wherein the first and second resilient elements (180, 184) are structured to bias
the attachment member (112) of the test probe (102) toward the shoulders (160, 172) of the
first and second supports (156, 168) and to be independently deflectable to provide the multi-

directional freedom of movement to the attachment member (112).

6. The mounting assembly (150) of claim 1 wherein the at least a first support
(156, 168) is at least a first fastener (156, 168), the at least a first fastener (156, 168) including
a threaded first end (162, 174} threaded into the base (152), a smooth shank (158, 170), and a
second end (164, 176) having a shoulder (160, 172).
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el ements (180, 184), and wherein the first and second resilient elenents
(180, 184) are structured to bias the attachnment nenber (112) of the test
probe (102) toward the shoul ders (160, 172) of the first and second
supports (156, 168) and to be independently deflectable to provide the
multi- directional freedom of novenent to the attachment nenmber (112). 6.
The nmounting assenbly (150) of claim 1l wherein the at least a first support
(156, 168) is at least a first fastener (156, 168), the at least a first
fastener (156, 168) including a threaded first end (162, 174) threaded
into the base (152), a snmooth sh (158 170 second, end (164,

176) having a éhoul5%9”?3@5@5§?§$QY(¥@)?fd¢ﬁé ﬁ@@ﬁﬁ“ﬁﬁa least FﬁrﬁTﬁﬁj of

clai m1 werhRhi18be 534 1s|aeﬁ3§§t aafh’fsﬂ dpdihg (BRI E&S RiructBle@EDE dicI&8d bdiAdn Ihs at
| east a first spring (180, structured be di sposed between the base

(152) andbeseibl ﬁéﬁa@PﬁKMéﬂﬁéﬁﬁﬂmmﬂwé1@@02) 8 A probe assenbly (100)
conprising: a test probe (102) conprising an el ongated body (106) and an
attachment nenber (112), the body (106) being di sposed on the attachnent

nmenber (112); &nd aAmoebetdssegntdg $E0DLymhrisHep): corrprisi ng: a base (152), and

at least a first res lie 54, 15 ase 152 t he
test probe ( I102) be"i1 I ngepggg 06‘%”"’(3% ac %n@a‘? 33f ﬂrog? "!"J;aé'ﬁ nrirouZ]t
(154, 155penibbe(iat), H@Q}‘éﬂdy & osf) Ibé&%; dfsggseldlo%mﬁe mum&eﬁt%béﬁﬁm) bﬁung

defl ectable to allow nulti-directional freedom of novenent of the test
probe (102) with redpepitingssdiebly45W) campysingind wherein the at | east a
first resilient mount (Z1pg, gg%gfi cludes at least a first support (156,
168) di sposed on the base fi at least a first resilient el enent
(180, 184); wherein theatdtasi ®fust reailitntrrsours (ifdot 35)(d1®m6scdit8he base I LiPostha

Spacer (b Sl 8 0 e B R B S0 bl S,
t he spacefirs( Ablientlni@nt (193¢ 188) YeBSdeflacthbie & allo®Sinkiteditectiohf fRBdorh $80, 184)
bi asi ng artnmlleeggngt 01(“:jl th@%s% ;n%rl;e ((){OZt) r\]velthtrg:::sptect t-g ?hbeebasé ? 125% Logard one of the base
wherein the at least a first resilient mount (154, 155) includes at least a
first support (156, 168) disposed on the base (152) and at least a first resilient element (180,
184);
wherein the at least a first support (156, 168) includes a spacer (158,
170) and a shoulder (160, 172), the spacer (158, 170) being disposed on the base (152), and
the shoulder (160, 172) being disposed on the spacer (158, 170), the at least a first resilient
element (180, 184) biasing at least a portion of the test probe (102) toward one of the base
(152) and the shoulder (160, 172);
wherein the at least a first support (156, 168) includes a first support
(156) and a second support (168), the first and second supports (156, 168) each including a
spacer (158, 170) and a shoulder (160, 172);
wherein the attachment member (112) of the test probe {102) includes a
first opening (128) and a second opening (130); and
wherein the spacers (158, 170) of the first and second supports (156,
168) are disposed within the first and second openings (128, 130) of the attachment member
(112).
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(152) and the shoul der (160, 172); wherein the at least a first support
(156, 168) includes a first support (156) and a second support (168), the
first and second supports (156, 168) each including a spacer (158, 170)
and a shoul der (160, 172); wherein the attachnment nenber (112) of the test
probe (102) includes a first opening (128) and a second opening (130); and
wherein the spacers (158, 170) of the first and second supports (156, 168)
are disposed within the first and second openings (128, 130) of the
attachnment nenber (112) - 15 9. The probe assenbly (100) of claim8

wherein the at Ieas% i rst silient _elenment (180, 184) .is disposed on
one of the bas& (15 ?eﬁﬁ’eﬁﬁ% hﬂﬂpﬁgﬁckT@§‘W¥7??t%h%1&%¥%§@§eﬁﬁgﬁat | east

a portioneRhehh@sh el%ﬁ%l%rcﬁ sddl@dnet v hst N2 %Mc Qﬁoutl&?(%s?”ii yhrd) and

t he shoul der g 10. The probe asse cl’aim'8 wherein
the at | ehisesdhe pirlgast ae@ritnon@ﬁthe tesit em@nt(m:lamaxd‘_ma)oth@wu“ tebdwsa( 162y @ the

resilient ( ) and further conprises a second resilient elenent
(184), theﬁ#ﬁggpﬁghé econd resilient elenents (180, 184) being
independently deflectable to provide the nulti-directional freedom of

novenent . e ssenb m.8 wherein {he a | east a
fIYSt support EQSGp% 9B8 e?ﬁﬁ@%&éi&gé%ﬁ%gngﬁagﬁ1n§“§ﬁ$ﬁ%ﬂaéﬁgﬁ%1@f58 170),
the shoul glemefitl®90, 1@1)21){101@1%@5%#& %@&%ﬁﬂelcééﬂ@%f-@?hh@hlr%e@éor@ﬁhs@@gs&tm& he

snoot h shank (158, 17 erein the attach of the test

probe ( 102@)91116%&11%@3 (b§4)4 tag st and sdcprd regipient Agmeniog 80,1@6) belaz\ thdgpradently t he
smooth shafecl:Rdo pldfde s ity 8RLYioALTRRAGH mo%ﬁe%he at least a first

opening (128, 130) "o the attachnent  ne The probe assenbly
(100) of clainh I Tlmacibmw myerallyt(he) aff clagaStwherdin tistat taast d fiwtdupporo (I56, ( 154,

(o5, *168)68 Hei R pn e abed e Phdub Bt ¢80k A% SouldEdihodrabbiive PHAGH ! ha
each incl sietantiglyoobh cbdhaftke shid&8 shakQ) sandog shoul der (160, 172), the at

| east a first resilient. el ement (180, 184? i ncl udi ng
wherein the attachmént member (112) of the test probe (102) includes at least a

first opening (128, 130); and
wherein the smooth shank (158, 170) is movably disposed within the at least a
first opening (128, 130) of the attachment member (112).

12, The probe assembly (100) of claim 11 including as the at least a first resilient

mount (154, 155) a pair of resilient mounts (154, 155), the at least a first support (156, 168)
including a first support (156} and a second support (168) that each include a smooth shank
(158, 170) and a shoulder (160, 172), the at least a first resilient element (180, 184) including
a first resilient element (180) having a through bore (182) and a second resilient element (184)
having a through bore (186),

wherein the smooth shanks (158, 170) of the first and second supports (156,
168) are disposed within the through bores (182, 186) of the first and second resilient
elements (180, 184), and

wherein the first and second resilient elements (180, 184) bias the attachment
member (112) of the test probe (102) toward the shoulders (160, 172) of the first and second
supports (156, 168) and are independently deflectable to provide the multi-directional

freedom of movement to the attachment member (112).
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a first resilient elenent (180) having a through bore (182) and a second
resilient elenment (184) having a through bore (186), wherein the snooth
shanks (158, 170) of the first and second supports (156, 168) are disposed
within the through bores (182, 186) of the first and second resilient

el ements (180, 184), and wherein the first and second resilient elenents
(180, 184) bias the attachnment nenber (112) of the test probe (102) toward
t he shoul ders (160, 172) of the first and second supports (156, 168) and
are independently deflectable to provide the nulti-directional freedom of
nmovemnent to_thz attachnent menber 8 12 -16 13. The praobe assenblg éloo

of claim12 whéfei nRHEORE pRERRBL ki (12 pehereip theraifachresst mspwei(l¢ 2o

i ncl udes @asgiH:h [ ) and
2 second o e CLEg) " EAR ENL B CRECLRS i eBpainelis, B 5y Sofiael) O
and second seesy p]@t(1§01 B86 whes$) tha smonthshivikg (dﬁ&p@@)elftm ﬁﬂsiamdtaqeonfdl rst and

The 11t SRS Eos, irhis A0 p bR Rb a0 B ERR, pe il Ro SR 0112 have

open ends (194, 196), at |least a portion of the attachment nenber (112)
bei ng retained et en the snopth anks. (158, 170 the first an
second support$ gﬁhe@@ ?aﬁT@&yfﬁ@gﬁgﬁg ég§ﬁﬁﬂ?@}Ffﬁﬁangﬁﬁ?TSWﬁgﬂé%% t he

mul ti - di r@@(ﬁ)'o@'ﬂﬁa' atthE188ER MBber mz?mtopb@%dﬂ@% 1196), Ta@i%ést%ehr%n@@%) bei ng
movable with respect to the base (152) mounti ng asse in

ot Teast " Bihmen! miees(] B bepEayeadbav e M amapPebeN o1 {2 320) O hHR h | 1
the first t est b 102 t | at abl |1
e firs gQLeg&kh%g%%%gggél%@ est probe ( ) is translatable generally

toward th ase ( nd whérein in the second direction (222), the test
probe (102) is pivotable with respect to the base (152). 16. The probe

assenbl 100) . of ai m15 wher.ei h est probe (102 in a
third d?rgctié (23%5 6?@%82@@6@“@8?%L&%ﬁ§§b& f%é?d“%ﬁgm? ?’Oﬁﬁﬁectlon
(224) bei Mgverbé@ NEVRIS theltest ?F&ef(l(ﬁf} ek hRGhbRWittPlk&ectiddhd %k SFBZ?Qf fRevenent
of the attachpent nenber 12) between the snooth shanks 70) of the

first and‘ng%ﬁﬁcﬁsieﬁﬁﬁbﬂt@) (Iq_@écastleg@}st direction {216) and a second d1rect10n (222)
wherein in the first direction {216), the test probe (102) is translatable

generally toward the base (152); and
wherein in the second direction (222), the test probe (102) is pivotable with
respect to the base (152).

16.  The probe assembly (100) of claim 15 wherein the test probe (102) is movable
in a third direction (224) with respect to the base (152), the third direction (224) being
transverse to the first direction (216) and including movement of the attachment member

(112) between the smooth shanks (158, 170) of the first and second supports (156, 168).

17. The probe assembly (100) of claim 16 wherein each of the first and second
resilient elements (180, 184) is movable between an undeflected position and a plurality of
deflected positions;

wherein deflection of the first and second resilient elements (180, 184)
between the undeflected position and substantially the same deflected position of the plurality

of deflected positions provides the movement in the first direction (216); and
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17. The probe assenbly (100) of claim 16 wherein each of the first and
second resilient elenents (180, 184) is novabl e between an undefl ected
position and a plurality of deflected positions; wherein deflection of the
first and second resilient elenents (180, 184) between the undefl ected
position and substantially the same deflected position of the plurality of
defl ected positions provides the novenent in the first direction (216); and
-17 wherein deflection of the first and second resilient elenents (180,
184) Dbetween the undeflected position and different deflected positions of

the plurality of deflecte ositions provides the novenent | e second

direction (222). 18" ‘Sﬁf%g*éor’a%fjéfg%ﬁiS@Wﬁ%‘?“&ﬁ“ﬁﬁéﬁ nw{é#@gi]%f* he at

| east a f ibkslees thepatEfidclddbositibB8hd UFfetdnt H@ﬂ’eﬁedgqogi'tibﬁ of tBS bRty lRlectdB) .

the at least a first fastener (156, 168) inclu |&g a threaded first end
shan

(162, 174pothpnsaueddssthemonened dnthe sempd direetinnde k (158, 170), and a
second end (164, 176) having a shoul der (160, 172), the shoul der (160, 172)
retaining the attachnment nmenber (112) on the nounting assenbly (150). 19.
The probe assehbl y Thoppbehsseinbiyrl @ wetagh® winreciathd @ dsbt afifst suppont €536l i ent

el enent " 4) .1 | eas f SPri 0, 18 i.sposed. bet ween
The base (1535 At p et PRt sBoshahe BReel it Bl Jeabatludan
(100) of eraided Brst whe(en] 1henrbane iftd 52)basd (150E ariestH dhank ASSEma yant 450)
i ncl udes an oversj zed a?erture ich receives a portion of the body

198) wh
(106) of tvand et (Ipfolyé ba‘o@saﬁfguéde%‘ 600 heD) i shauddar £k0; dRAIretrmangdBm of t he
body (106}ttabhiiBnt hESRETE 14nthEMBRRE ARy 1158).

19.  The probe assembly (100) of claim 8 wherein the at least a first resilient
element (180, 184) is at least a first spring (180, 184) disposed between the base (152) and the

attachment member (112).

20.  The probe assembly (100) of claim 8, wherein the base (152) of the mounting
assembly (150) includes an oversized aperture (198) which receives a portion of the body
(106) of the test probe (102) to allow the multi-directional freedom of the body (106) with
respect to the base (152).
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