ACTUATI ON MECHANI SM5 FOR ELECTRI CAL | NTERCONNECTI ONS TECHNI CAL FI ELD

[ 0001] Enbodi nents descri bed herein pertain to electrical devices. Sone
enbodi ments relate to electrical interconnections involving integrated
circuit packages and circuit boards. BACKGROUND [ 0002] Many el ectronic itens
i ncl udi ng desktop, laptop, and tablet conputers, cellular phones, and ot her
electronic itens, usually have one or nore electrical devices, such as a
menory device to store information, a processor to process infornmation, or
both the nenory device and the processor The device may be part of an

of the 1 C packsgbandon RBFCARNsS AR bL ARG REIRAR DR CIfoR8"

el ectrical signals passing through el ectrical connections between the IC
package and the other devices. The nections may be formed in
part by conductive connections (e. TE¢ﬁShF %ﬁﬁf | ocated on the IC
package and i melponnecEmoolnie@cs&te@ﬂmﬂ hardm pertaid tdaﬂea"tdcal ldevisesTES@ases,
such el ectrical_ connections nay nporarjly fornmed, forl%gsxin t he

a

be
devi ce duri ngerBPedents relate 4o §1e§%ﬁl la?f‘ir?éleﬁ“é{j’és epaRe NG atRd A HEL ur i ng

t ol erances A ITels %ﬂ&cﬁ&ﬁh@?ﬁ&?tr'cal connections. Designing electrical
i nt erconnections to account such factors nmay sonetines pose a

chal | enge. BRI EF DESCRI PTI ON OF THE DRAW NGS [0003]FIG 1 shows a bl ock
di agram of an el ectroni c arrangenen R@gbﬁﬁh@ﬁginterconnections for
provi ding el ectrical connections be ctronic assenbly and a base,

accordi ng t o AR CTOOMARALRECASHETERShARIAS Rl BOMII. Gud Rbic F1 G 28

FIG 2C, and FIG 2D show di fferent views of interconnections including a
cr ank- shaped epmiuteys, cabuler ghongs.tandsohes elentyouic nems sustaky hivgeuhelps medrg .

electrical devices, such as a memory device to store information, a processor to
process information, or both the memory device and the processor. The device may
be part of an integrated circuit (IC) package. Information exchanged between the
device of the IC package and other devices may be conducted in the form of
electrical signals passing through electrical connections between the IC package and
the other devices. The electrical connections may be formed in part by conductive
connections (e.g., solder balls) located on the IC package and interconnections
located on a circuit board. In some cases, such electrical connections may be
temporarily formed for testing the device during a test. Factors such as package
warpage and manufacturing tolerances may degrade such electrical connections.
Designing electrical interconnections to account for such factors may sometimes

pose a challenge.

BRIEF DESCRIPTION OF THE DRAWINGS
[0003] FIG. 1 shows a block diagram of an electronic arrangement including
interconnections for providing electrical connections between an electronic
assembly and a base, according to some embodiments described herein.
[0004] FIG. 2A, FIG. 2B, FIG. 2C, and FIG. 2D show different views of
interconnections including a crank-shaped spring, according to some embodiments

described herein.



[0005]FIG 3A, FIG 3B, FIG 3C, and FIG 3D show different views of

i nterconnections including a rod and a spring, according to sone

enbodi ments described herein. [0006]FIG 4A, FIG 4B, FIG 4C, and FIG 4D
show di fferent views of interconnections including a volute spring,
according to sonic enbodi nents descri bed herein. DETAI LED DESCRI PTI ON
[0007] FIG 1 shows a block diagram of an el ectronic arrangenent 100

i ncluding interconnections 110 for providing el ectrical connections between
an electronic assenbly 120 and a base 130, according to sone enbodi nents

cirui - boar dl0Wkn ae Kothdibodpa C-aceert Bt Stogeas b Roboaioti ncl ude

an integrated IO TIVAN ectronic
osenbl y 120 R orHicbuih g ??é%gé%ﬁ%ﬂé%{%%%ﬁ?f“s% HeEPe™ 21 o be

coupl ed to redgeobédleereint er connecti ons 110. [0008] El ectronic assenbly 120

may i nclude a 'ce 12 ttac str ackage
substrate) 12 ﬁ ough ﬁﬂﬁd%@t?@g‘ﬁ%ﬁﬁﬁﬁﬁg ?ﬁa'iﬁaﬁagﬂﬁﬁgwﬁgygqagf
Substrate 123ifi@¥odrda6liddenQomdy atvoke Pp}‘ifH%S a&c@ﬁﬁn§ﬂp§&|ﬂ3€ G Bt O
conductive contacts 121 and 12 Device I22 may include a sem conduct or

(e.g., silicofdscdbed herpia. di e nay include circuitry to performone or nore
functions, such as processing information, storing information, or other
functions. For exanple, the die in device 122 may include a processor

(e.g., including transistors, anDEhAﬁan[HQgHUPEHDNS and ot her conponents)
that may include_a central processi a graphics proceSS|ng

t
unit (GPU), of0083t h. ThEKE)rloﬁ’@é‘@@r gﬁ%‘y‘ﬂgé@@ qfﬁélekﬁﬁo%&ﬁaééftm% 18Pecific
ntegrated eV, 081Gl LAOGS) Xl i e L Bahade daghectroni

assenbly 120 may 1 array ckaging type, Tand grid
array (LGA) pelekagiingsstiply, 120i andgrhasle 830, ayco(rcﬂaﬁg\)o paskagbognicypelesaibedt her

Vo Such-ashaEgkie OBRBUCIARG DR SPA GBI et Y g e
e- book reader ﬁ%the%a?cﬁn@ecgﬂoﬁictﬁ!;enﬂﬂ§'l% Ay SndIFRAS) mte%%it!:d%@d’ultt ?t)aphones
smart phones, servers, web appliances, set-top boxes (STBs

routers, networckagwrtatheslechronisaiekichs.i Idigetsonionssemhkyr 120ypeasinsfudel ect r oni ¢

I tens. conductive contacts (e.g., solder balls) 121 to be coupled to respective
interconnections 110.

[0008] Electronic assembly 120 may include a device 122 attached to a
substrate (e.g., a package substrate) 123 through conductive contacts (e.g., solder
balls) 124. Substrate 123 may include conductive paths (not shown) coupled to
conductive contacts 121 and 124. Device 122 may include a semiconductor (e.g.,
silicon) die. The die may include circuitry to perform one or more functions, such
as processing information, storing information, or other functions. For example, the
die in device 122 may include a processor (e.g., including transistors, arithmetic
logic units, and other components) that may include a central processing unit (CPU),
a graphics processing unit (GPU), or both. The processor may also include
application specific integrated circuits (ASIC).

[0009] Examples of the IC package in electronic assembly 120 may include
a ball grid array (BGA) packaging type, land grid array (LGA) packaging type, pin
grid array (PGA) packaging type, or other types of packaging. Electronic assembly

120 may be included in electronic items such as desktop, laptop, and tablet
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[ 0010] As shown in FIG 1, base 130 nmay be coupled to an anal yzer 140
through an interface 150. Interface 150 may i nclude conductive paths (e.g.,
el ectrical conductors) coupled to interconnections 110 to all ow

conmuni cation (e.g., in the formof signals) between anal yzer 140 and

el ectroni c assenbly 120 through interconnections 110 and interface 150.
Anal yzer 140 may include a tester (e.g., a conputer) to test electronic
assenbly 120 (e.g., to test device 122), base 130, or both. Thus, in

el ectroni c arrangenent 100, device 122 may be may be a devi ce under test

(DUT). [O0011]FIG 1 sho only five interconnections 110 as anple. The
number of int 8?%5%%0?'?%%?5 ?ﬂ'é” POk Lradersipiersopal figifal agyistats @ﬁ?‘gé

arrangenent 1001 /i&Yele n@éj,%nﬁﬁr%fbﬁ?ks, sérRb 8 GNP h QR Ssel A BEKANTESk) N T ows

and colums. For sinplicity, FI show I nterconnections 110 located in
only a porti onetprerigrouteromepyork iswityhasf ndyaweek rBlges,lantodree tmee of elecisomid 0,
however, may include conponents | ocated in other portions (e.g., mddle and
botton1portioﬁ??&of base 130. For exanple, interconnections 110 may i ncl ude
i nterconnect i gEg0havi Ng AGQARER BNERs. deB&ki 180 GhdybeBdipled € ah hndtpledWamd t h
reference to FIG 2A through FIG 4D. [0012]FIG 2A, FIG 2B, FIG 2C, and
FIG 2D show dir¢ugbrasrinteyfaesntShfInerface tdhmer tichids cpnduciivg rathp4e8&.» 230,

cccor 0119 Lo SATESORHIRY) SudReh et ARLSR 1 Gusd Sl gy il v o

(with respect (dg, i, thyformnsd sZgndish B&tvieom sgal pler a4 aid ¢ledtradiic MRembly 120
i nterconnections 210 of FIG 2A. FIG 2C shows a cross section of a portion

of i nt er connef¥qughdntenqynaergions d &0 amhingrtage £0.oAnalpger 140 maypgledsa {5i5Tvi ew
f i f : i
of a via 234 % %%?(chnqéﬁ%l) g tegtJ SRectrofric isggljdﬁk :%gé) L EORNRGIdORE 1330 bahdi pase

230 in FIG 2 D may corresp to i nterconnections 110 and
base 130, resqesith.v€&hys, iméledttddic drrangbBen2B0, dhowes] 2nhyy béimag be a device

i nt erconnections 210 an exanpl e. The nunber of interconnections 210 nay
vary. [0014] A? ﬁBﬁhaﬁﬁTﬁlG. 2A, base 230 may include surfaces (e.g., top

and bottom s U["(f(}if]gs) 23grcandnéde pn%@iﬂte‘?&ﬁﬁ&&ﬂ)n@@iﬁo axheadinide behyeen
surfaces 231 and 232 at each of interconnections 210. Base 230 may i ncl ude

a via 234 (Fl@GmxEdidecp@ectip)s bidsoay wrgd Fai exenupe elasorB3uraygemans4 may

i ncl ude an el(i&%icalby conductLvF Vi a e.gl()a net&k yi%). At | east a
portion of vi 9y HEPdsRumsERisdRerorapertiops 1 | arapesd i {opped B4 S, peni ng
233. Via 234 Pakih Héi%dﬁl@. Bidanakdrcohtiactiiding l1ecacad ih BElY Cpdrtishepe, (- 9., a
cylindrical sidcwall 35ﬁ§ Base 230 may include conductive paths (not

shown) coupl epprtipn\dfdassiB3Q. dnjprespngetions d Q. rhopugveis Sininglede ¢URPQEN. | in the

911,21, SISkl y S90S, S Ry br RIS STR2EG, L ouoh
supply, data éxabmpléradte@bnnatiohg D10 may diciriciinBrcoanectibhehawngetampednents
Izg O;mrrgt Hon. (geggr%l?e]dEig(;rrl]orgfdetlaiqtb%lro%voevintﬁ %fleroe?lge t201191G(. Ekc%hro%éh Flfé}%lDZ B, and FIG
[0012] FIG. 2A, FIG. 2B, FIG. 2C, and FIG. 2D show different views of
interconnections 210 and a base 230, according to some embodiments described
herein. FIG. 2A shows a side view of interconnections 210 and base 230. FIG. 2B
shows a perspective view (with respect to X, y, and z directions) of a portion of one
of interconnections 210 of FIG. 2A. FIG. 2C shows a cross section of a portion of
interconnections 210 and base 230 of FIG. 2A. FIG. 2D shows a top view of a via
234 of base 230 of FIG. 2C.
[0013] Interconnections 210 and base 230 in FIG. 2A through FIG. 2D may

correspond to interconnections 110 and base 130, respectively, of FIG. 1. FIG. 2A



i nclude el ectrical conponents and nechani cal conponents. The el ectrical
conponents may include a collar 211 and a pin 215 having conductive
material (e.g., nmetal such as copper). The nmechani cal conponents may
include a spring 260. [0016] As shown in FIG 2B and FIG 2C, collar 211 may
i nclude portions 212 and 213. Portion 212 (FIG 2B) may have a cylindri cal
shape that may forma slender cylinder. Portion 212 (FIG 2C) may be

| ocat ed i nside opening 233 of base 230 and coupled to via 234. Portion 212
may directly contact sidewall 235 of via 234 and conformto sidewall 235.

Portion 212 y be jnserted into via,234, such th portion.212 may be

coupled to v?%102’§&’nb'ytﬁf?Fé§t§“‘19P?ec(’98{ﬁ)gﬁﬁ?f. anﬁd‘f‘ﬂpj)ena]%féluflﬁeéOfZB) may have a
ring shape W hhr@ndbdRASLOM nfa§vlry, OUter dianeter) greater than a dianmeter
of the opening 233. This nmay all ow portion 213 to forma stopper (e.g., a

mechani cal hil0@&4]) to phestevtn iediiCarA2base 280 gnay in¢luda surtased @rg..2ep pnd r om

sliding into via 234. Th a 0 in FLG or.ti 213 be,l ocat ed
outside via Zlépﬁtoghﬁlr%’ﬁ?sg ikigéagéggﬁﬁ\éﬁﬁ%§Per[l%%§f%g%({%%ma&?vﬁeﬁucr?a\é§h% 1coI | ar
211 may incl ug@ B2k bdchZk4nexcbemsdiigs 2100 Mast 280 hepghdludea gia,23uNFIdIEC
z-direction) of collar 211. Slit 214 ma%ﬁse )yarate portion 212 such that

0

portion 212 ray HEt 2Bkassoeiaigeivithorpsnisgr ip é34may anclpdesay clegdrieallyf porti on
212 is void o i i 14) it B r portion
213 such thatcfoﬁlor t}qlrgﬁﬁgz(f?"ﬁa;@e%%tgl%geAgéé%ﬁtq%%ﬁ%us Vﬁgrb?é?g%§?glgga,edat | east
part of portiiasid@ile3g.| seay Sirtlhcef23mpdwmigd 238t 6k 284 2ikd)include andakhlePBft i ve

structure, collar 211 may not include a slit, (e.g,,_Slit 4) in qQne or

both of port i}@ﬁ@g_zﬁl%’héﬁﬁcaéfhépe'lfﬁ@s,a Ciyﬁn%liﬁcaéls@%\"ﬁ]ggf@e Rase é%@ H}aéé,ln“g‘bﬁ%ci on

212 may be a &ﬂﬂﬁdtﬂg%‘dﬁlgre%ttsh%n) %%Iédqav?alz?sm% rR&dSelEQRAEANUOUS porti on,
12 "and 213 may be

or both portions 2 continuous portions. [0018] Pin 215
(FI G 2B and dei@ui@tionricigu dethedohs of ggugals) tpiand Freadsle @ bgorawfl 217. End 216

(FIG 2C) may. be |ocated tside ba 230 (e.g., .outside eni n 33 of
base 230) . CIBEEPRRArDA Y DRAID A ahdis i Sty Ta st g 233
of base 230) .sifaly Ah9idEOWRE s@h G datLidkdrihabokRbBE(i8f@matih, R StHeY kinds
contacting) collar 211.” For exanple, as shown in FIG 2C, a portion between

ends 216 and gfifofmatgpn. a body) of pin 215 may directly contact portion 212

of collar 21 i.n 215 e.arranged t . [ i irection
(e.g., z-dir é[g?fgc]n) betﬁvﬁgéﬁ?énﬁggoﬁrfgg%rﬁsmﬁhé‘f ’eﬁ%?%t %I?Cﬁ%lr(\jga&% é]galyri cal
contact w th igghli@gledilidal cofpbAdHeohdBmedbhicaptdmpbbontsaMile ¢leatridd? may
establish an el ectrical connection a tenporary electrical connection

during a testoPmpengts mﬁ/Yri@ﬁWfieo%Wﬂjféiei 31k Diri 2 Ny R RAEGAVE SRl and 1 1 om
devi G, dey) f . tQ niB@15 of
Sach of i nt erEEm iR BRI fkchebafbihorl) mERHAKE o Rk 86625 ©

crank- shaped [6016]ng. Faks shoampih&IGSPB iand FR6 Q2 CreepllamZll ludey imelude pbgtionegnent s
(e.g., three segnent s shown in. Fl 2 that .are bstantially straight.
The il U1 pre Saanans: Rayonanm Bl peany g Pestitua s ARL BN VERAde) i n
spring 260. SR4BS:-vERler. W&??lf{%@@. 26\ maPle &R4ted ERGdZ C)rl[f@ézn%eozfg)‘zak@| ed

(e.g., directly contacting) to end 217 of pin 215 FIG 2 may be
coupl ed (e. g.230fanged)pledtoavif 2%4.uPerti282.12 Spayi diggep contast sidewialldéS obrduct i ve

mon- conducti vaE eptiaim (e NGNS PR ot Bed 1R FRbs Ao RER2 iRy 260
may not be elipgtpolteal 212 BOHH eshpled tBivila 23Dby press fit coupling. Portion 213 (FIG.
2B) may have a ring shape with a dimension (e.g., outer diameter) greater than a
diameter of the opening 233. This may allow portion 213 to form a stopper (e.g., a
mechanical hinder) to prevent collar 211 (e.g., entire collar 211) from sliding into
via 234. Thus, as shown in FIG. 2C, portion 213 may be located outside via 234

and outside opening 233.



[ 0021] Spring 260 may form a mechani cal actuator to enable pin 215 to nove
(e.g., slide) in a direction between ends 216 and 217 when a force is
applied to at | east one of ends 216 and 217. For exanple, spring 260 nay be
conpressed (e.g., in the z-direction) when an electronic assenbly (e.g.,

el ectronic assenbly 120 of FIG 1) is attached to pin 215 (e.g., pressed
against pin 215 in the z-direction) of each of interconnections 210. Thus,

t he arrangenent of spring 260 and pin 215 may be associated with

di stributed conpliant nechanisn1 provi di ng functions of spring and | oad

transfer. [00 e arr enent ri col l.a |n 215 ma
i sol ate spEi n@@& fro (eYle’é’tﬁLcZg ﬁﬂ?"ﬁaﬁgwdn%'ff{ ljt%i Thlnﬁr 211, g
and via 234. éﬁbﬂgstheuéhg@p{@g\rm%@z\eﬁrE&loaa)epwﬁwnpnsht21011@536%@@@6I on having

a spring included in an el ectrical path between two pin heads (e.g., a
pogo- pi n), ammom 21 hsushdlom pedidnghg ma0natdy areguenupus porticar(e gl @t:teuaistcmrt pat h

e T e g oftEntor 21 Riplrdonfiiyel Sy SRS A ErhAide R o

inter connectIplrﬁsuaﬂ%abpbﬂe@ﬁmbmI%Beealasmmd@ag p&ikioa i(&.8NkcCled®pheos (€. 9.,
bet ween base 230 and el ectronic assenbly 120 of FIG 12 Lower profile may

i nprove devi crorepRtd iscald plappterinteat sl 21ducn apsalermtiap sirpetaigs pliar 3hd power
delivery. t4u4el ar ge

i n st roke i T Bafefte b PR RIS AN Spedt by DR GRS LRSS
device (e.qg. ,1n\Mntaﬂteﬁl|aﬁGé starnge qmmdﬁ’ollﬁ h2Pbeh cohttuoly porfibe, gmrnoxsﬂr’;bke
refers a di stance that  pin 215 may nopve é g%j]I sliqg froma reference

poi nt to anot'RaY ?)6?%‘%““@@“%““%«% bofh paHOBs ¢fiZrandialgmyay fe oo ®ases,

t hi nner and 5[5@{ &r device formfactor (e.g., in FIG 1, thinner device
120, substrate 122, or both) may inpact negatively to the pl anarity of

sem conductor[()ﬂ]a&]kage (Ring.15 (ElCe O oni IGag€e msluded 2@isde.ghip@ hads) 276 some of

h atively | t to |
quali vy of erwgatc i Bl R de e el RilggE AR Rt o hPBesnis anc
el ectroni ¢ assginsel2) 0Enfb®r mbl HehddatdiBivisiae beRMB0QBS @ekihsRninactsar s

such as package war page and manufacturing tol erances are present. In a

conventi onal dirhaess 2 anZbilm@ebgelectalcalﬂmgwpﬂﬁdr()égqctneﬁféx/ccb'éacmng}c@lﬂrt (or
hi bl
arach!evabl s ) SOPE ASES) L LOFFRESS; BRI LIS A SREShq U3 FoRLES 1T

decreased in {igody) of pid ZiSﬂﬁlgOdlﬁHCﬂjl cblﬁ‘taﬁl’pd)ﬁﬁoril)lz cﬁfcd’oﬁaxsﬂd phmlsstm@yse
el ectrical contact between the pin and a contact_ of a device coupl ed to

the pin) may #eEngedodded @ ¢lide) 1ﬁ@r®§§€@1 {er2-r diregtione bytweppends) 418 an

I nt er connect 'ﬁ@%l%ﬂe%alﬁ&mxgéle 138 @hfRPGEARBH ] 1SPring 260 and pin 215
may enable a Targe pin stro fe.g., I'n conparison with a pogo-pin) by

di stributing [00B]st r essColiwa @ chib P 18li anglvéecZIvemby esiablisbad etestridak di st ri but ed

spring nmechani sm Thys, in interconnections 210, the pin stroke of pin 215
may be incr eafé’éae%ofllﬁ%ﬁt’at%?@é@*egﬁct‘il‘??ici)‘e‘ﬁﬁflﬂn dyring Hlegh &0 @ﬁo‘xélecr easing the

pin force. T*}hémf@aﬁg'dmreemaf OsnBdRkhdon tefanelﬁe%w@@be ge%rzeemoa@chbﬁt ween

base 230 and ot her devi ces g., electronic assenb of FIG 1) when
package (e.g.devmﬂgﬁpéﬁ&llzxpuwadpagle 21ﬁmﬁaamfunﬁer@nn¢ﬂt@naa&bs or ot her

undesirable f rs a G . 3A, Fl BB Fl G and FI G
3D show di ffelﬁé%(ﬁ Vi evépg sﬁ@éﬁ‘%ﬂ%%éé{“%wg u%f"[@ K Srklap srp(Sl&gB%Bf bet ween a
pin 215 and axaRpid)gprafle0ansy mchasenddfle seaaaitd{dg, theeesepmeayaoghowmnt s

descri bed herél nrp Iﬁ%rer conneg}él ons 310§§ndé%ﬁse 363% in FI%YEil 3A through FI G

3D may corredpditd- 24) that ase sehstntielly pgaighto Thednwipls segoents guydesn vel y, of
FIG 1. FIG g&RhO é’x\%%e%géé §%§§nt b@ﬁ&’s{) GOYNRGH IONS prrhd 286 1R RS 3AM £51 The

nunber of intercon
and 262. End 261 may be coupled (e.g., directly contacting) to end 217 of pin 215

FIG. 2C). End 262 may be coupled (e.g., fixed) to a fixture 239. Spring 260 may

include conductive material (e.g., metal). Alternatively, spring 260 may include



[ 0026] I nt erconnecti ons 310 and base 330 may include elenents simlar to or
identical to those of interconnections 210 and base 230 (FIG 2A through
FIG 2D), respectively. Thus, for sinplicity, simlar or identical elenents
bet ween interconnections 210 and 310 and between bases 230 and 330 are

gi ven the sanme reference nunbers. The description of such simlar or
identical elenents is not repeated in the description of FIG 3A through
FIG 3D. [0027] As shown in FIG 3B and FIG 3C, each of interconnections
310 may include electrical conponents formed by collar 211 and pin 215, and

mechani cal onents.formed by sprin 60 and.ro 70. Th rran nt of
the spring 36%P “@?@Ingﬁﬂmﬁ¥ﬁ ??3*%3%’ @B%QESB? &@H“ﬁwﬁﬁ6ﬁ éggge
conpl i ant ”ECaé&héﬂbu§Bkagoﬁﬁﬁuﬁay be coupled to end 217 of pin 215

t hrough rod 370, whi'ch enables transferring spring load to the pin 215.

Rod 370 may i [9921e conSipring 269 may oringd mé¢ehagical antuasn)to epphlepmatiSviel y, rod

370 may include non-conduct i ria teri al such
that spring 386Y ‘?T&‘ygnsgljﬁ g %éec?ga?gﬁtlwieﬁn é%‘lf%lg&mﬁg Lpf‘%v&leﬁfg}% %@’éﬁrl ng
360 (FIG 30 tonmYeaktitileUdinds ZI¥ dndSNTI Far Bainhple sprES 280 magind cdfdreskad 361
may be coupled (e.g., directly contacting) to end 372 of rod 370. End 362

may be coupl e@-gdndhe z-flirgaign) whehas elegoni¢ assgmblyyg < telesHion§ asieitie 186t t om

of base 330). t r 6

[0025] F1 & 30GE LB belina BB A0S E hu B LSS AL ABRIATLE, o1
springs may bechsethtertoincexanile, 'Iihﬂsttbﬁﬁi“rﬁfgehﬂﬂﬁ ofgpeing 26O aed plpmlﬁgneaﬁo
two or nore springs sim/lar to or identical to sprin 360 may be arranged
(e.g., stackelpasseriatedhwh disteibuted ARPPiang meshapum gV idng. u{l%@@]@ gpring

conparison Wt R 5oPNenRtd.onal interconnections (e.g., pogo-pins), the
ar r angenent d% sp%?ng %é rod 370, and pin 215 may allow interconnections

310 to have &o0022]Jati vel ’yhd mmgembnﬁdflspriagl%() ao@mZ 191 andspin GH & nsayrBdlaie t o

o DTN 2 AT P R B Bt St 0, S0 5P B ©

different viewsoffparison with a conventional interconnection havmg a spring included in an
electrical path between two pin heads (e.g., a pogo-pin), each of interconnections
210 may have a shorter electrical path formed by pin 215, collar 211, and via 234.
This may lead to a lower profile (e.g., smaller interconnection dimension in the z-
direction) for interconnections 210 between base 230 and other electronic devices
(e.g., between base 230 and electronic assembly 120 of FIG. 1). Lower profile may
improve device electrical performance, such as signal integrity and power delivery.
[0023] Each of interconnections 210 may have a relatively large pin stroke
with adequate force to make electrical contact with another device (e.g., with
electronic assembly 120 of FIG. 1). The pin stroke refers a distance that pin 215
may move (e.g., slide) from a reference point to another point (e.g., move in the z-
direction). In some cases, thinner and smaller device form factor (e.g., in FIG. 1,
thinner device 120, substrate 122, or both) may impact negatively to the planarity of
semiconductor package (e.g., electronic assembly 120 of FIG. 1). In some of such
cases, a relatively large pin stroke may be needed to improve the quality of
electrical connections (e.g., connections between base 230 and electronic assembly
120 of FIG. 1) that may be compromised when factors such as package warpage and

manufacturing tolerances are present. In a conventional interconnection (e.g., a
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i nterconnections 410 and a base 430, according to sone enbodi nents
described herein. FIG 4A shows a side view of interconnections 410 and
base 430. FIG 4B shows a perspective view (with respect to x, y, and z
directions) of a portion of one of interconnections 410 of FIG 4A FIG 4C
shows a cross section of a portion of interconnections 410 and base 430 of
FIG 4A. FIG 4D shows a top view of a via 434 of base 430 of FIG 4C.

[ 0032] I nt erconnections 410 and base 430 in FIG 4A through FIG 4D may
correspond to interconnections 110 and base 130, respectively, of FIG 1.
FIG 4A shows only three jntercqonnections 410 as an exanple. The nunber of
i nt er connect i BAEO-RIRY gy b%ﬂ\?flaﬁb&ﬁﬁ]l ablgdn spe F%Eédaé“é?aéﬁam &F i | ar
to or identicgimbs cfe&%ﬁﬁn?hin%?c% AR rdln (h@Rnghl dBthZfin. dRkbGif b o FOT
exanpl e, base 430 may I nclfude surfaces 431 and 432, an opening 433 and a

vi a 434 (havi pig feicdénddcicad@bin (atg.,eme pogd-pimtrosionivaoticated pigrokBase 430 nay

i ncl ude conductive paths (not shown oupl ed o.vi.a A34 .t ovi de

el ectrical conbHFHAPRR tegvsiting Pomraearchet Lo (Pt RbE b fuano
through via 484ded2234EAS i%OMBd idvelik@mcdA FIG 4B, and FIG 4C, each of
i nterconnection 410 may i ncl ude el ectrical conponents and nechani cal

components. TH®24] ect r i beintezesmpesisns ¢ 1 geipwenel, thgearepngeypengof anring F0zgndg B)
and a pin 415 (E 4B a FlG. 4C ving. i .t eri al. g., netal
such as coppep‘&élgﬁ%ayr%lgﬁgrﬁ%%e pé%%%f)%%é%’% 1%6}}%55’%%3%%&23 I\%{%Oﬁilrel)(@pri ng 460

(FIG 4B and d4icikibhang g seresidudided & yidpiicemknt ddllodetoshe dingibh6d spriyig pr ovi de
relatively large contact areas contacti n? collar 411 and pin 415 and
provi de pin | megaaismst Byis) i ipterqanpsssions LI Gthanin strekeo! DRy aRaYibscl ude

portions 412 ﬁl@l%as %&lﬁu@inc?é%sﬂl@qhé;{euﬁﬁ%l%?@r} % i RBreddig g Eﬁ)rlpglﬁ' g%ﬁ%?.aThis

cylindrical shape that may formra er surrou east a
portion of vomayénppve g qalty daldcirioal ddthe(dnS betdv@enraye 230 dnolodbed i nsi de

i 433 of b 430 d. | ig A434. Porti 412 di tl
PR ace st deviRhoe ftc praronppBro; OGN b Bkt cas dunr e 158 7
Portion 412 WX%%,E%@?&C@QM#QBEM%%@S,ﬂ?’éﬁheﬁﬁiﬁﬁsﬁi@é RIS hieprésdar. may be

coupled to via y press fit coupling. Portion 413 of collar 411 may be
| ocat ed out si W928peni ngFUBIA, BdGt 3BF1G1 3C; mdF 1" BP vhey diffewenaviewagt shape

openi ng 435, HAReiEgHca FARTREREROR. 414 SFLF R LR acb TR0, i €

mechani cal hi pen}otRcapitankomeehbdidchty @stribedaitidin e lit@cbdiectidds)3 10r om
sliding into via 434. The stopper nmay al so set a reference z-height at the

top (e.g., nedndbase B3R in HSH PAGhraygh &1G38D it comgipayd; triiHercantegHorabQur i ng
t ol ' f 30 - in FIG 4B,
o' €rance Congn%rt;}is? lrl]%iéé qgspéﬁy%‘ﬁﬂ%ﬁ%l@ 1 ﬁ@lﬁs 3R ovls%?lﬁg&%e% 11"\(43%3&51'05& )

collar 411 may 1ncC a exte g al ong ngt in the
z-direction) ®f0 &ainlcxamplel . ThSlnuimbéi 4f mercampetiais Patdyivany. 412 such t hat

oL O 12 R B B eont MU BOLLON L5 0, L SR il On O
L S L BRGNS Ry 8 By R B e, | ot
structure, colDprespddivetyy Tiots, fonsimpisity, Shilar ¢radepticak¢lementd hytwiean one or
both porti Onsin?e]r'czon%gc(:jtio%%%'loggcllj § 10 iu?d between bases 230 and 330 are given the same

reference numbers. The description of such similar or identical elements is not

repeated in the description of FIG. 3A through FIG. 3D.

[0027] As shown in FIG. 3B and FIG. 3C, each of interconnections 310 may

include electrical components formed by collar 211 and pin 215, and mechanical

components formed by spring 360 and rod 370. The arrangement of the spring 360,

rod 370, and pin 215 may be associated with lumped compliant mechanism. Spring

360 may be coupled to end 217 of pin 215 through rod 370, which enables
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an alternative structure, portion 412 be a continuous portion, portion 413
be a continuous portion, or both portions 412 and 413 may be conti nuous
portions. [0037]Pin 415 (FIG 4B and FIG 4C) includes ends (e.g., pin
heads) 416 and 417. End 416 may be | ocated outside base 430 (e.g., outside
openi ng 433 of base 430). End 417 may be | ocated inside base 430 (e.g.,

i nsi de opening 433 of base 430). End 417 may include a feature (e.g., a
snap-in feature) that may allow pin 415 to be inserted (e.g., snapped) into
vol ute spring 460 and collar 411. Pin 415 (FIG 4A and FIG 4C) my be
electrically coupl ed

as shown in Fr#gsieigng %H{é‘gpl(%?‘cff%t ggg%go%@fﬁgnrg%%col l grﬁ(i4 U%E‘V%I%rategégody) of

pin 415 may djr %tlzt)ﬁ)c%ntreﬁﬁlhvéwrﬁoﬁgﬁo 19$lu§@h(l)rﬁﬁorﬂi%étwe!3 nBtefidP(e PR
arranged to nove g., inadréction (e.g., z- |rect|on) between

ends 416 and szmﬁmmal metennal)nstmhmlna'ugplem&i!ﬁ(}m@ﬁhotdmrﬂlmtmcamytchuplodmetnsbﬁl ng

460 and col | 1. and FIG 4C. at

portion of vglirof]?%l spri n%’%@é%@lﬁ&orﬂ%mﬁltu Pa&sSt Sgn%]?acv’l% r&dﬁ%ﬁiﬁngﬁ
bet ween ends %%E}mdaﬂ%ﬁayﬁeéd wal(égZ dirayt Nt cling) ©WhtiBaneéf add 3 BASnd
portion of the volute spring 4 a portion of pin 415, such that at

| east a porti ¥R vy botapéeds(pre ixedbO ey 3He(ctet pasEiPnEran b batomer baswst | ar

R A e A e R

el ectrical cooogglion) FIg.3l myd FIGNBCahbwgonly odk epiifig 860 amrﬁﬂaﬁipi‘eat i on
(e.g., in the formof electrical S|gnals) to and from a devi ?
DUT, such as Mélipkesprizgs grypeased) Farsxpmple. instead At laaivsng)@nléézeﬁ smng 60,

i nt erconnecti.Qns f

actuator to eﬁ}g)b ré&%ﬁgéﬁ%@%%(ﬁ%&?r?&é@h@t @J@@nﬁwﬁ@% Eg%et ween
ends 416 and stickedihentop of eadeother iapid opaitg238t | east one of ends 416 and
417. For exa volute spring 460 may be c resse .g., in the

z-di rection) ”@hiﬂ an el B Pgona‘é’gle#‘ﬂ?ntl‘ena(g?me%?‘etﬁpé‘?ﬁ@gaé’?@ﬂiﬂl%f)’lm of
FIG 1) is attheﬁﬁgﬁ%%:henpbﬁ pfikg 366; Igd879%%8’%@‘1@2ﬁﬂﬁia?%ﬂo@hﬂeﬂ:@aﬁnéoﬁoh?e

z-direction) of e i nt er connections 410 [ 0041] Each
i nt er connect i bigo4a e mejathaipelowves hwfileandeargst pingifoke sitmhilag éo drat off sprimed by

pin 415, spri ar, 41 nd vi.a 4

convent i onal é@ﬁé‘ﬁ@b‘h%&ﬁ?f}ﬁ“{%% OVE "nggfc?%eﬁ%%)e%%ﬁﬁgpf% %]a\,\%@g a | over
profile for ipppgriconnectipag, #16. mmaeemcbﬁﬁeﬂl@ﬁmmdwqﬁﬁeenmlem BONI C
devi ces (e g., between base 430 and el ectroni c assenbl y 120 of FIG 1).

Each of i nt erigisisaneqtions 440 andrahal498, draouling ospaeispdiogimentydespiibekt r oke in
conparison with,a eRIVENLLRNA] slOLEGCHINERLhRLEbEs 910 aftt RRIN®! PIG. 4B

shows a perspective view (with respect to X, y, and z directions) of a portion of one
of interconnections 410 of FIG. 4A. FIG. 4C shows a cross section of a portion of
interconnections 410 and base 430 of FIG. 4A. FIG. 4D shows a top view of a via
434 of base 430 of FIG. 4C.

[0032] Interconnections 410 and base 430 in FIG. 4A through FIG. 4D may
correspond to interconnections 110 and base 130, respectively, of FIG. 1. FIG. 4A
shows only three interconnections 410 as an example. The number of
interconnections 410 may vary.

[0033] Base 430 may include elements similar to or identical to those of
base 230 (FIG. 2A, FIG. 2C, and FIG. 2D). For example, base 430 may include
surfaces 431 and 432, an opening 433 and a via 434 (having sidewall 435) at each of

interconnections 410. Base 430 may include conductive paths (not shown) coupled
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[ 0042] The above description and the drawings sufficiently illustrate
specific enbodi nents to enable those skilled in the art to practice them

Q her enbodi nents nmay incorporate structural, |ogical, electrical, process,
and ot her changes. Portions and features of sone enbodi nents may be
included in, or substituted for, those of other enbodi nents. Enbodi nents
set forth in the clains enconpass all avail abl e equival ents of those cl ains
[ 0043] The Abstract is provided to conply with 37 CF.R Section 1.72(6)
requiring an abstract that will allow the reader to ascertain the nature

and gist of the.t ni cal. disclosure. It is bmtted with th
understandindDﬂWh§£?¥”ﬂPWpeﬁ ?U%%Hﬁﬁﬁﬁm?ﬁth u?&% OgﬁFéﬁﬁngegﬁe scope or

meani ng of t higedAhB&iond BE0 fiRblMNWiRg34! ai s are hereby incorporated into
the detail ed description, with each claimstanding on its own as a separate

enbodi nent.  [G0MIVE Vhads stoval aiifed4AsFIG #BAan@é FEet4(a sheh efrinterepaneiion
combr 151 19" 28G5ty b SheB Pl SRR B RGP AT
a second end dgngioents itiyhagiede 266112531 € OFORABN and @ pRrdls (F1G B phdFI® move in
a direction between the first and 6second ends.
4C) having conductive material (e.g., metal such as copper). The mechanical
components may include a volute spring 460 (FIG. 4B and 4C) having conductive
material. Volute spring 460 may provide relatively large contact areas contacting
collar 411 and pin 415 and provide pin lateral stability.
{0035] Collar 411 (FIG. 4B) may include portions 412 and 413 (FIG. 4B and
FIG. 4C). Portion 412 may have a cylindrical shape that may form a plump cylinder
surrounding at least a portion of volute spring 460. Portion 412 (FIG. 4C) may be
located inside opening 433 of base 430 and coupled to via 434. Portion 412 may
directly contact sidewall 435 (FIG. 4D) of via 434 and conform to sidewall 435.
Portion 412 may be inserted into via 434, such that portion 412 may be coupled to
via 434 by press fit coupling. Portion 413 of collar 411 may be located outside
opening 433. Portion 413 (FIG. 4B) may have a ring shape with a dimension (e.g.,
outer diameter) greater than a diameter of the opening 433. This may allow portion
413 to form a stopper (e.g., a mechanical hinder) to prevent collar 411 (e.g., entire
collar 411) from sliding into via 434. The stopper may also set a reference z-height
at the top (e.g., near surface 431) of base 430 that may eliminate manufacturing
tolerance concern on the thickness of base 430.
[0036] As shown in FIG. 4B, collar 411 may include a slit 414 extending
along the length (e.g., in the z-direction) of collar 411. Slit 414 may separate
portion 412 such that portion 412 may not be a continuous portion (e.g., at least part
of portion 412 is void of material at slit 414). Slit 414 may also separate portion
413 such that portion 413 may not be a continuous portion (e.g., at least part of
portion 413 is void of material at slit 414). In an alternative structure, collar 411

may not include a slit (e.g., slit 414) in one or both portions 412 and 413. Thus, in



12. The el ectronic arrangenent of claim11, wherein the base includes a via,
and 2the collar includes at |east a portion inside the via. 13. The

el ectroni c arrangenent of claim 1, wherein the conponent includes a 2spring
having a first end and a second end, the first end of the spring contacting
the 3second end of the pin, and the second end of the spring coupling to a
fixture. 14.The el ectronic arrangenent of claim11, wherein the conponent

i ncludes a 2spring, and the spring is not electrically coupled to the pin.
15. The el ectronic arrangenent of claim1, wherein the conponent includes a

RN T AL A T S
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addi ti onal [0037] Pin 415 (FIG. 4B and FIG. 4C) includes ends (e.g., pin heads) 416
and 417. End 416 may be located outside base 430 (e.g., outside opening 433 of
base 430). End 417 may be located inside base 430 (e.g., inside opening 433 of
base 430). End 417 may include a feature (e.g., a snap-in feature) that may allow
pin 415 to be inserted (e.g., snapped) into volute spring 460 and collar 411. Pin 415
(FIG. 4A and FIG. 4C) may be electrically coupled (e.g., directly contacting) collar
411. For example, as shown in FIG. 4C, the portion between ends 416 and 417
(e.g., a body) of pin 415 may directly contact portion 412 of collar 411. Pin 415
may be arranged to move (e.g., slide) in a direction (e.g., z-direction) between ends
416 and 417 while maintaining electrical contact with volute spring 460 and collar
411.
[0038] As shown in FIG. 4B and FIG. 4C, at least a portion of volute spring
460 may surround at least a portion of pin 415 between ends 416 and 417. Portion
412 may hold and surround at least a portion of the volute spring 460 and a portion
of pin 415, such that at least a portion of volute spring 460 may be between portion
412 of collar 411 and a portion of pin 415.
[0039] Collar 411, pin 415, volute spring 460, and via 434 may establish an
electrical connection (e.g., a temporary electrical connection) to allow monitoring of
electrical communication (e.g., in the form of electrical signals) to and from a
device (e.g., a DUT, such as device 122 of FIG. 1) coupled to pin 415 of each of
interconnections 410.
[0040] Volute spring 460 may form a mechanical actuator to enable pin 415
to move (e.g., slide) in a direction between ends 416 and 417 when a force is
applied to at least one of ends 416 and 417. For example, volute spring 460 may be
compressed (e.g., in the z-direction) when an electronic assembly (e.g., electronic
assembly 120 of FIG. 1) is attached to pin 415 (e.g., pressed against pin 415 in the

z-direction) of each of interconnections 410.
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4pin including a first end outside the base and a second end inside the
base; and 5an additional conponent to enable the additional pin to nove in
a direction 6between the first and second ends of the additional pin.

17. The el ectronic arrangenent of claim1, wherein the base includes a
printed 2circuit board. 18. The el ectronic arrangenent of claim1, wherein
the base includes an 2interface arranged to be coupled to an analyzer in a
test. 19.The el ectronic arrangenent of claim@8, wherein the pin is arranged
to be 2coupled to an electronic assenbly in the test. 110. An electronic

o rangerent, A= 28, 0bk Ao lAeslobgEl SRRhL BB ISR ol 0

including a figgka 8PgiloatsSkslehg 460, collar 411, and via 434) in comparison with a
conventional interconnection (e.g., a pogo-pin). This may lead to a lower profile for
interconnections 410 between base 430 and other electronic devices (e.g., between
base 430 and electronic assembly 120 of FIG. 1). Each of interconnections 410 may
also have a relatively large pin stroke in comparison with a conventional
interconnection (e.g., a pogo-pin).
[0042] The above description and the drawings sufficiently illustrate specific
embodiments to enable those skilled in the art to practice them. Other embodiments
may incorporate structural, logical, electrical, process, and other changes. Portions
and features of some embodiments may be included in, or substituted for, those of
other embodiments. Embodiments set forth in the claims encompass all available
equivalents of those claims.
[0043] The Abstract is provided to comply with 37 C.F.R. Section 1.72(b)
requiring an abstract that will allow the reader to ascertain the nature and gist of the
technical disclosure. It is submitted with the understanding that it will not be used to
limit or interpret the scope or meaning of the claims. The following claims are
hereby incorporated into the detailed description, with each claim standing on its

own as a separate embodiment.
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4t he base and a second end inside the base; and 5a spring arranged to
enable the pin to nove in a direction between the first 6and second ends if
a force is applied to at | east one of the first and second ends, 7wherein
the spring is indirectly coupled to the collar. 1 211.The electronic
arrangenment of claim 10, wherein the collar includes a 3portion having a
cylindrical shape, the opening of the base includes a via, and at 4l east
part of the portion having the cylindrical shape conforns to a sidewall of
the 5via. 112. The el ectronic arrangenent of claim 10, wherein the collar

I ncl udes an 2additional portion |ocated outside the opening of the base and
havi ng a di nension 3greater than a dianeter of the opening of the base.

CLAIMS
What is claimed is:
1 1 An electronic arrangement comprising:
2 a collar electrically coupled to a base;
3 a pin electrically coupled to the collar, the pin including a first end outside
4  the base and a second end inside the base; and
5 a component to enable the pin to move in a direction between the first and
6  second ends.
1 2. The electronic arrangement of claim 1, wherein the base includes a via, and

2 the collar includes at least a portion inside the via.

1 3. The electronic arrangement of claim 1, wherein the component includes a
2 spring having a first end and a second end, the first end of the spring contacting the

3 second end of the pin, and the second end of the spring coupling to a fixture.

1 4 The electronic arrangement of claim 1, wherein the component includes a

2 spring, and the spring is not electrically coupled to the pin.

1 5. The electronic arrangement of claim 1, wherein the component includes a
2 spring, and the spring surrounds at least portion of the pin between the first and

3 second ends of the pin.

1 6. The electronic arrangement of claim 1, further comprising:

2 an additional collar electrically coupled to the base;

3 an additional pin electrically coupled to the additional collar, the additional
4 pin including a first end outside the base and a second end inside the base; and

12



113. The el ectronic arrangenent of claim 10, wherein the spring includes a
crank- 2shaped spring having a first end contacting the second end of the
pin, and a second 3end coupled to a fixture. 114. The el ectroni c arrangenent
of claim 10, wherein the spring includes a coil 2spring. 115.The el ectronic
arrangenment of claim 10, wherein the spring includes a planar 2spring.

116. The el ectronic arrangenent of claim 10, wherein the spring is coupled
to the 2second end of the pin through a rod | ocated between the second end
of the pin and 3the spring. 117. The el ectroni c arrangenent of claim 10,

\(,3\11 S (r: »? :. g nit 256 a? P;In 3 gﬁgﬁdﬂ@%@é&gﬁ%&a 1:|oI e¥1ab (e: ?}lljepalld%ﬂiotngl Igi?lef‘o %or\lfe ir% E;If ﬁir@&ion

6  between the first and second ends of the additional pin.

1 7. The electronic arrangement of claim 1, wherein the base includes a printed

2 circuit board.

I 8. The electronic arrangement of claim 1, wherein the base includes an

2 interface arranged to be coupled to an analyzer in a test.

1 o The electronic arrangement of claim 8, wherein the pin is arranged to be

2 coupled to an electronic assembly in the test.

1 10.  An electronic arrangement comprising:

2 a collar having at least a portion located inside an opening in a base;

3 a pin electrically coupled to the collar, the pin including a first end outside
4  the base and a second end inside the base; and

5 a spring arranged to enable the pin to move in a direction between the first
6  and second ends if a force is applied to at least one of the first and second ends,

7  wherein the spring is indirectly coupled to the collar.

1
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2a collar coupled to a base; 3a pin electrically coupled to the collar; and
4a volute spring surrounding a portion of the pin. 119.The electronic
arrangenent of claim 18, wherein the base includes a via, and 2the collar

i ncludes a portion inside the via. 20.The el ectronic arrangenent of claim
18, wherein the collar surrounds at |east 2a portion of the volute spring.
121. The el ectronic arrangenent of claim 18, wherein at |east a portion of
the 2volute spring is between a portion of the collar and the portion of
the pin. 122. The el ectronic arrangenent of claim 18, wherein the volute

spring is 2261r | la}nge'fihet € ecgrno%gcl E%Fatn[é%m&iltnoftc?air%q\()?wihQre?n t%'e rcgﬁglrl igcglu(ti)eestewe en a
first end"and a secon ena o e pin.

3 portion having a cylindrical shape, the opening of the base includes a via, and at

4 [least part of the portion having the cylindrical shape conforms to a sidewall of the

5 via.

I 12 The electronic arrangement of claim 10, wherein the collar includes an
2 additional portion located outside the opening of the base and having a dimension

3 greater than a diameter of the opening of the base.

1 13 The electronic arrangement of claim 10, wherein the spring includes a crank-
2 shaped spring having a first end contacting the second end of the pin, and a second

3 end coupled to a fixture.

1 14.  The electronic arrangement of claim 10, wherein the spring includes a coil

2 spring.

1 15. The electronic arrangement of claim 10, wherein the spring includes a planar
2 spring.

1 16. The electronic arrangement of claim 10, wherein the spring is coupled to the

2 second end of the pin through a rod located between the second end of the pin and

3 the spring.

1 17.  The electronic arrangement of claim 10, wherein the spring is not electrically

2 coupled to the pin.

18. An electronic arrangement comprising:
a collar coupled to a base;

a pin electrically coupled to the collar; and

AW

a volute spring surrounding a portion of the pin.
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19. The electronic arrangement of claim 18, wherein the base includes a via, and

the collar includes a portion inside the via.

20. The electronic arrangement of claim 18, wherein the collar surrounds at least

a portion of the volute spring.

21. The electronic arrangement of claim 18, wherein at least a portion of the

volute spring is between a portion of the collar and the portion of the pin.
22.  The electronic arrangement of claim 18, wherein the volute spring is

arranged to enable the pin to move in a direction between a first end and a second

end of the pin.
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