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- BACKGROUND OF THE INVENTION

Field of the Invention (Technical Field):

The present invention relates to packaging of highly reliable, high-
speed complex electronics, and more particularly to a method and apparatus
for reworking circuits using a micro-castellated interconnect board with its

related electrical parts and affixing it to the circuitry.

Background Art:

As electronic devices get smaller and smaller the prior art methods of
part substitution and repair of circuitry create errors on existing hardware
and become very problemaitic, if not entirely troublesome. Repair of circuitry
and rewiring of devices on high-speed circuitry needs to be manufacturable
and to a great extent electrically identical and meet environmental
requirements of the product’s end use. The present invention addresses a
method for incorporating these changes to surface mounted electronics.

An existing prior art device or method uses a custom hybrid part,
which internally incorporates the electrical wiring changes with mount die(s)
containing the affected parts and provides environmental protection for the

electronics. Such a custom part is very expensive, requires extensive lead-



el ectronics. This method is not adequate for an individual revision as it is
4 cost prohibitive. It can only be utilized for multiple or simlar
revisions %o dpoeloddsde quantity of printed wiring boar dst:?ﬁ@zo%szs?oAnOt her
prior art nmethod is to scrap existing product circuit cards, re- | ayout
the el ectronics, and procure new printed wiring boards and conponents.

O her methods include reworking the circuip-card assenbly, 10 usually called
"dead buggi ng" of components and "cut and junpering” of circuitry relying
on highly,skilled opghat ik | t i | : m cr oscope
to conpl e?e. Pr esent ﬁ@n@ ét?Ld:isg?ﬁ%%ﬁ@%“g?ﬂ%ﬁ@rpgr%ﬂéné?tla?g??ﬁee e'?:tt}rfgoni CS is
defined by st andkectronicsr Thisunethnd i$ nolasdequgte for anradivisdual rerisier apitiisg
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adds addi ti onal |agge quantitd 8eptited Mrintoarts (PWB’). skil 1 ed | abor. 18
Addi tionally, sonme product still gets scrapped due to damage during repair

and the réwork is not precise and may introduce variability in electrical 20
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until the current generation of smaller geohetry, ectronic
parts. Sngll er lagduithetetectrenicsy andpicare séw printediwiing bfardsignd f i cat i on ai ds.
As parts get smaller, the nual . repai ;r and repl agcenent .of parts pecones
harder and at %powtﬁopﬁ%rimﬂag@? WP@'_dGJEWng'PﬂJ CIFGuit %8?8?3’!"8'94& gher
speeds regglui r e 8y cﬁﬂétﬁde’éb%?bin@abf&brhp&%ﬂt@%ﬁhéuﬁém finfperingeat trace
separation. Depending 28 upon the extent of the change, current _apPr oaches
utilize additi ciguitryaighirg or highlyskilladonsasators,aad fpquidng the visuadliaidafa card

assembly;5 30 microscope to complete. Presently, the accepted practice for military
electronics is defined by standards for “cut and jumpering” of traces.

14
Scrapping product and re-layout of circuitry is costly and often causes

16 delays in build schedules. Manual rework is not exact, is prone to human '
error and adds additional expense due to the use of highly skilled labor.

18 Additionally, some product still gets scrapped due to damage during repair
and the rework is not precise and may introduce variability in electrical

20 integrity.

22 State of the art approaches have been relatively successful until the
current generation of smaller geometry, high-speed electronic parts. Smaller

24 parts require higher skill and use of magnification aids. As parts get smaller,
the manual repair and replacement of parts becomes harder. and at some

26 point impossible due to human limitations. Higher speeds require more
exact electrical wiring lengths and electrical trace separation. Depending

28 upon the extent of the chénge, current approaches utilize additional
adhesive to adhere part and wires to the circuit card assembly.

30

A re-layout of the base circuit board can accomplish the same
32 function, that of rewiring, accommodating part changes and providing high
reliability, however this approach would be extremely expensive.



A re-layout of the base circuit board can acconplish the sane 32 functi on,
that of rewiring, accommobdati ng part changes and provi di ng high
reliability, however this approach woul d be extrenely expensive. WO

2006/ 004921wWPCIpas8AMI5/ 023270 -3 2 Additional ly, this nREHGSR0A%M23I70t r oduce
additional errors in re-layout of conplex very high-density circuitry by
rerouting of critical signals. Other 4 devices, such as individual parts
can acconplish one of the desired outcomes-Bar not all three, wri ng
changes, part change and high reliability. 6 There are several prior art
docunents 2 hat d\d tl@milw:ﬁlﬁ alethad oay ln@@ﬁdﬁdﬂ'“@ﬂﬂb‘?fmrmd rgraypyb afis

't et conect contAnRPRaehIon ks BB Bl o sl SpaR) nomer, o ¢

pad geonetqi es, cmwbasasmai asiridividua ipaite ¢ah acttvaplistt ené of e désiédni ri ng

board. Additionally, the intent of utilizing ex arent. 12 printed
wiring board ci QPGS EHW%WFER%&'% eéiléﬁ!'%Pg%%d) e3. @nehigh egliabjlity.+ hat
is both ufacturable and | ow cost is not addressed in any of the prior 14

art. 16 These prior art docunents include US Patent No. 6,609,915 B2 which
di scl oses a piece thdhemnbse sevenal prive arrdeeumnentsethat disclosercasteliationshi p 18

dul d th t t ed .wring.board. .Th ' ti f
Thar funcs on: aBn ou BhE it ord nefiRier, tient od harAtiresh Bk soBRES 1 o' and
20 addresses t hgrslidiagid dambl@fmféﬁ@onﬁacemamﬁgthe&m%éﬂéreafsd&traﬁa 377,464

Bl is a device V\:hl ch may have castell ations or term nation, but does not
addr ess ddr abi | ﬂﬁ?‘gﬂfm‘?ﬁéa‘snpéﬁﬂ' geAreties, pRd castellationymatched-ioltbe peeentr i bed

for constellati necessary
for oonsteltat ﬁnt%ggﬁitﬁg sk AB@itibh&w, i infdht 6P Ulikind 6Ritil5 pbhéht
12 prunted wiring board circuitry and providing changed electrical functionality

that is both manufacturable and low cost is not addressed in any of the prior

14 art.

16 These prior art documents include US Patent No. 6,609,915 B2 which
discloses a piece that only forms the interconnect between a multichip

18 module and the parent printed wring board. The present invention performs
that function as well as providing new circuitry and mounting of parts and

20 addresses the durability of the interconnect.

22 US Patent No. 6,377,464 B1 is a device which may have castellations
for termination, but does not address durability of the interconnect. In fact,

24 the method described for constellating a part lacks features, which could

provide the necessary durability, namely bottom pads.

26
US Patent No. 5,247,423 has 1/2 vias which form periphery

28 castellations allowing leads, wires or solder filled springs, to be attached and
provide the interconnect to the parent printed wiring board. The present

30 invention is a durable leadless interconnect.

32 US Patent No. 5,069,626 is a molded plastic device, which is molded
to allow plating of castellations, which have additional geometry attachment



26 US Patent No. 5,247,423 has 112 vias which form periphery 28
castellations allowng | eads, wires or solder filled springs, to be attached

and provi sko 1006€/00492kr connect to the parent printed w r pogubmes/as27dhe
present 30 invention is a durable |eadless interconnect. 32 US Patent No.
5,069,626 is a nolded plastic device, which is nolded to allow plating of
castel | ati ons, which have additional geomedry attachnment WO 2006/ 004921
PCT/ US2005/ 023270 -4 2 to the parent printed wiring board. Wile it
mentions phat t ke thegarentiprivited \thglmardl Vehile ibmeationd that thd Indiwc(uzﬂl a

m croscopic | ev d it all the, 4 nold terial may be natched
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necessary dur abminsrhatchmothbﬁ%rmbntcrfeerammmeamg dA¢ eoBNick URRES titdredé scl ose

the conbination of substrate design/materials, pad and castellation
geonet ri e, whi PRIUIacsaMMadatian iry Wrﬂ?ﬂ'@imgo?t“&tlﬂrébﬁ'@ flexibilitys theosalder

Addi ti onal | Y, f I t ting
parent printed J\t}\/lﬁ]rt p%bﬁi?"zg%cri@raiﬁﬁ %@3}52 tg??\‘/‘%'ﬁﬁ‘"gmﬂé héé'%&esg{o éé rical
functionpdity tthatnecessm'yldurahdﬂyact urable and |l ow cost. 18 SUMVARY OF THE
| NVENTI ON (DI SCLOSURE OF THE I NVENTION) 20 The present invention forns a

robust net hodol ogy for

12 None of the prior art documents teach or disclose the combination of
substrate design/materials, pad and castellation geometries, which allow the
14 formation of a robust solder joint. Additionally, the prior art fails to disclose
the utilization of existing parent printed wiring board circuitry and providing
16 changed electrical functionality that is both manufacturable and low cost.
18
SUMMARY OF THE INVENTION (DISCLOSURE OF THE INVENTION)
20
The present invention forms a robust methodology for
22 accommodating part and/or circuitry changes to an existing printed wiring
board while allowing for automated assembly. It provides these capabilities
24 without incorporation of additional hardware, namely leads or flexible
circuitry. It also allows a method for accommodating parts, materials and
26 geometries that are disparate with the parent’s materials and geometries.
28 A primary object of the present invention is to provide a micro
castellated interposer, which has the ability to accommodate different wiring
30 paths, part changes and/or new parts and maintain the original high level of

reliability of the circuit board assembly.

32



22 accommpdating part and/or circuitry changes to an existing printed wiring
board while allow ng for automated assenbly. It provides these capabilities

24 wi thout inc ration of additional hardware, namely | eads or flexible
circuitry. ‘W@‘Z‘g"'a% ows a method for accommodating pariS/UH@2229 s and
26 geonetries that are disparate with the parent's materials and geonetries.
28 A primary object of the present inventicq1 is to provide a mcro

i

et K]

castellated interposer, which has the ability to accommbdate different
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that it provides a nmeans for circuitry and part changes at the | owest cost

with the Hi ghesreliabilitywithput ¢ampramisiog Pedormansei si ng per f ormance. 6 O her
obj ects, advantages and novel features, and further scope of applicability
of the present invention will be set forth in part in the detailed 8
descriptign to fol | o@thérdtdects nadvantagestandmonel features,zartbfupthey s6epaiopw ngs,
and in part wll beca%{iﬁya arent tq those srblle&iﬂ_the art _ugon_

exam nati on 102BPligghility g ragent dpvenion ydll be setfodh g Partde the detgiled he
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attained means of 12 the instrunmentalities and conbi nhat’ cularly

poi nted out i P] and in panavilbibecarne apparentito thesarkilied meemrpuw%\exmnMog f
DRAW NGS 18 T | i 0 i i .
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and advantages of the invention may be realized and attained by means of
12 the instrumentalities and combinations particularly pointed out in the

appended claims.

14
16 BRIEF DESCRIPTION OF THE DRAWINGS
18 The accompanying drawings, which are incorporated into and form a
part of the specification, illustrate several embodiments of the present
20 invention and, together with the description, serve to explain the principles of
the invention. The drawings are only for the purpose of illustrating a
22 preferred embodiment of the invention and are not to be construed as
limiting the invention. In the drawings:
24
Fig. 1 shows the preferred embodiment of the micro-castellated
26 printed wiring board.
Fig. 2 shows the embodiment of Fig. 1 populated with components.
28 Fig. 3 shows the embodiment of Fig. 2 mounted on a parent board.

Fig. 4 shows an alternative embodiment of the present invention using

30 partially occluded micro-castellations.



20 invention and, together with the description, serve to explain the
principles of the invention. The drawings are only for the purpose of
illustrati ferred. enbodi ment of the inventio t to be
const rued ggoﬂ?oi%éoﬁrzﬁg the invention. In the draw ngs: 3’?@.36@5@233 ows the
preferred enbodi nent of the micro-castellated 26 printed wiring board. Fig.
2 shows the enbodi nent of Fig. 1 popul atedgith conponents. 28 Fig. 3 shows
t he enbodi nent of Fig. 2 nmounted on a parent board. Fig. 4 shows an

al ternative enbodi nent g PR LRVISPEERS ) g paeENTa] |y occl uded
m cro-castel l ati ons. W .‘lu Ub._ PTI ON OF
THE PREFERRED EMBODI MENBEST(MOBESVEORCARRYINCFOUNG METNYERTIOMINTI ON) 4
The present invention conprises a small but common printed circuit 6 board,
whi ch can%e manufactured with conventional hi gh precision techniques. The

l'ayout of this print atheqiresahitinvepfioR comiprisds aamdIEboernon Brifidssircuft
accommodate interface data fromthe parent circuit card assenbly, uses

standard trace begrd.Whielaan he aaniertured with eerentionald)igh oreeisiom 10 print ed
circuit appli Caﬁé&ﬂﬁ u%i(]t %'59&%”'5@6@5‘%%@@ Hoak ,rv%g{rgﬁggé Rgraeo{'?qﬁ_t erm ned

at the time of layin e’ Cl rcul enen
addi ti onalg part hoase to accorpmodatednterfaoe thta ftomndhe fpayent Tireuit card assembly,

i -castellati ich wll b tly int t ot .
o et ol 2 LRSS aRcaR i otk SR et BLF PR s Founti (o
optim ze @i r cui Pﬁmeﬁm& ap?/lédﬁoﬁas E&b&gsr%pea gggﬁhg 2Rt dterddpinEt i ch

provi des the interconnect nufacturing meth
determined at the time of laying out the circuitry. Replacement parts and

n .l wA D S
PREFERRED

12 additional parts are incorporated into the circuitry. The micro-castellations
which will subsequently interconnect the micro-castellated interconnect

14 board to its parent are placed to optimize circuitry issues while ensuring a
robust solder joint which provides the interconnect. Manufacturing methods

16 for the micro-castellated features may vary depending upon the design
intent. This design once completed is panelized to provide fabrication

18 | efficiency for the circuit board house and enable a multiple up build of micro-
castellated circuits on the manufacturing floor. Once fabricated the

20 panelized micro-castellated circuits are built up with parts using standard
high precision surface mount assembly methods and machines to form

22 micro-castellated assemblies. These individual assemblies are then
separated and are available for stocking or use on the parent assembly. The

24 design of these castellated “leadless” solder joints comprises two distinct
stress areas. One area is the pad to pad region commonly called the foot of

26 the solder joint, which is relatively thin and is stressed predominately by
sheering forces. The other area known as the toe is the solder that forms a

28 fillet between the castellated solder joint and the remaining pad area. This
region serves as a pseudo column and significantly adds to the life of the

30 solder joint. The second assembly operation with the parent assembly is

also an automated process again using standard high precision surface

32 mount assembly methods and machines.



16 for the mcro-castellated features may vary dependi ng upon the design
intent. This design once conpleted is panelized to provide fabrication 18
efficiency for the circuit board house and enable a multiple up build of
mcro- cast¥WP28044¥  cuits on the manufacturing floor. P@%@é” 92323%t ed t he
20 panelized mcro-castellated circuits are built up with parts using
standard high precision surface nount assqrbly nmet hods and nachines to form
22 micro-castell ated assenblies. These indi'vidual assenblies are then

separated and are avail able for stocking or. use on the, parent assenbly. The
24 design Bf these ca$€dlqvat G'éFrOTcéétﬂlﬁﬁ 'Pf@&ﬁﬂﬁ‘@\rmp&%f%%&nﬂm !'\eé'gt\lo
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sol der that for il et bet n_t ted | der j.0int and the
remai ni ng pad a?%’g&efﬁﬁj r-bbqsgrﬁkeeﬁé% e%?@%&%’i&ﬁyg%&ﬁ rg}%’nbﬁgni ficantly
adds to the |ifgomipohbets 15, sateeforitep Bhd bbrh@nﬁmmﬁﬁm_@éﬁm@!ahd%&ﬁ?ﬁ-on Wi th
t he parent assenbly is _also an automated process again using standard high

|
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PCT/ US200%/ 0232 : ; (g 2 ; i i Jid d i
chown 1 n Bi g avers for Snibking i intehiohRp sy Rb oo the el U e=(C 3
by common but dlebtrighl giraitins (not shown). eldrinted iwitindbeard 1@foinsluded miletdaods

produci ng fine features,103., These fi features 103 can, i,ncl.ud ads for
nount i ng q@ co rrp‘?ﬁéﬁlraée‘igg PUQIP'LEEeSV'?ﬁ d qﬁgﬁﬁgﬂ@ ﬁlﬁ PIFHCHBE 'E@Hrﬁ?_@q&ﬁ@tsdn d
through- hol e V423 (Fi§.73f &id infdre6siseth & bbtidm stifacs pads 129 (Kig8). Thede!de

internediate 8 |ayers for shielding and interconnect depending upon the

conpl exi @ of tmicrecasgteliated vias 111 afe Jesigned tordign)withrpurfacefeatures gndbar d 101

I ncludes m cro parent printed wring board 125 (Fig.3).

14 .
In Fig. 2, the micro-castellated printed wiring board 101 is populated
16 with changed circuitry devices, such as a microcircuits 113, resistors 115,
and/or capacitors 117. These devices are soldered to the micro-castellated
18 printed wiring board 101 making the micro-castellated circuit card assembly
119. This micro-castellated circuit assembly 119 embodies the replacement
20 circuitry for parent printed wiring board 125.
22 In Fig. 3 the micro-castellated circuit card assembly 119 is
mounted on the parent printed wiring board 125. The micro-castellations
24 111 are soldered directly to the surface pads 121 forming robust leadless
surface mount solder joints 123. The robustness of the solder joints results
26 from choosing the correct material properties for the micro-castellated
interposer, designing the castellations/pad geometry in relation to the current
28 parent pad geomeitry to form adequate solder joints/fillets and designing pad
geometry to accommodate part geometries. The materials include the
30 selection of printed wiring board materials whose properties account for a
coefficient of expansion differences between the mounted parts and the
32 _ parent printed wiring board. Solder durability analysis of the geometries and

materials is performed in the design stage to ensure that the micro-



10 castellated -through-hole vias 111 that formthe mcro-castell ated sol der
joints 123 (Fig. 3) and interconnect to bottom surface pads 121 (Fig. 3).
These 12 mnig spo6eodoei | at ed vias 111 are designed to al i goTamsidos/eusiace
features on the parent printed wing board 125 (Fig.3). 14 In Fig. 2, the
m cro-castellated printed wiring board 101 is populated 16 wi th changed
circuitry devices, such as a mcrocircui ts843, resistors 115, and/or
capacitors 117. These devices are soldered to the mcro-castellated 18
printed wiying kestellaldilintarposts provides obasicsuider jbiateidr the paits as Well axssenbl y
119. This mcro-castellated circuit assen&ly\é_ 119 enboﬁ_{?es the replacenent

20 circuitry foth@iptersonpectiodhe parenhirinigd wiringboardy These;ipclude arpad to

m cro- castel | at j i ASIRE i mg}% dolife

printed vvi4ri ng %%gﬁl}éfi%beqlﬂg% cr (’)ng%]te g%slgtgr?s 2 gglﬁﬁ‘aré g&@g@?getg
directly to theiscapable opacconipadéatingthegnaldndisted sicesses betwedroparts et

sol der joints 123. The.robustness of the solder joints results 26 from
choos! nb $he- oM Satp e PREES ylind BRarR Gindthe iy Sprinted wirig e

i nterposer, desjgatatiohBeMaiFhdtalingmetiatingiede® supplyihg thkbirebt adéhe
current 28 parent pad geonetry to form adequate solder joints/fillets and

desi gni ng8pad Yelymsa toprodues t gegaetry geldeeiaintes. The rmaterial s
o e Dhhasy ool eo $ =P : .
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account for a coefficien SI o er efices between 1 noun

parts andot he 3®open &glapsiepordwith aicogffivient of eguansion (CTEpof 18 (pastsgdeysi s of
the geonetries an teri Is perforned i he design stage to ensure
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the parent printed wiring board. These incClude a
board would preferably be designed out of woven aramid/multi-functional

14 epoxy with a CTE in between the parts and the parent printed wiring board.
In this way the necessary interconnect strength could be accommodated
16 from the as designed pad/castellation geometry and the resultant solder joint
morphology.
18
Optional design and construction methods 127 shown in Fig. 4 allow
20 use of partially occluded micro-castellations 133. This design methodology
permits use of additional area for routing circuitry 131 and use of additional
22 devices 129. The partially occluded castellations 133 are soldered to the
parent printed wiring board 125 surface pads 121, forming robust leadless
24 surface mount solder joints 123.
26 To utilize maximum surface area on the daughter printed wiring board
fully occluded micro-castellations 137 may be utilized as in Fig 5. The fully
28 occluded micro-castellated printed wring board 135 offers maximum board

area for a slight reduction in solder joint reliability.

30
Any of these designs and construction methods can be utilized where

32 the micro-castellations are located anywhere on the micro-castellated printed



4 castellation geonetry ratio, which ensures that the resultant sol der
geonetry is capabl e of accommpdating thermal induced stresses between parts,
the 6 mcro-castellated printed wiring board and the parent printed wiring
board. I n WO3PWUA 21t he manufacturing met hod i ncl udes spﬁ:ﬂ'ﬂfsg?{')‘ﬁﬁqzﬁ‘b correct
solder 8 volune to produce the correct geonetry solder joint. For exanple
if the parent printed wiring board is made of commercial 10 woven

E-gl ass/epoxy with a coefficient of expansiton (CTE) of 15 (parts per

mllion / degree Celsius) and the new parts.to be added to .the circuitry are
T2 cer am & par { SVBIPOSH: iluding YoApEIealt SRS haies e Pexaiting tal
I nterposer  boarginpidh iﬁfﬁhﬁrﬁlc@.l?ﬁdgﬁﬁérﬁg?d out of woven

aram d/ mufti-functronal 14 epoxy w CTE 1 n between the parts and the
parent prigated wiring board. In this way the necessary interconnect

strength could be ac dated. 16 from the as designe d/.castel | ation
geonetry and the res?ﬁ{@ﬁgﬁi@ @g?n{'. ﬁ%s Qﬂ%}ﬁﬂ%ﬁﬁi’sg"‘ %g&aﬂ'ﬁbﬂ%ﬂ%cﬂ@i gn and
construction neygriende6 thEsy\Preférréd BmbddmdrRsy othér effiBodimels tarkkhiepec! uded
m cro-castellations 133. This design methodol ogy permts use of additional
area for routinthesawgiresylts; Marigliong sadgnoditieations @htheopregent isventigrowillThe
partially occlu lsat d : ; printed

W ring boa?rd 12gsg%r acgbgg‘sdésé)%'ﬁdgﬁotﬁ%%@ rdggﬁgﬁtergggﬁgggp%ﬁ%%rface nount
sol der joints lappefdeddaims bil sechhmmadifications érd equivalentsn Thesentireght er
printed wring bhoard fully occluded m ¢cro-castellations 7.y he utilized
Do i s, " TnaRelisues SislyRiales. ApeicionssfivaR.and PSR! Hldboar o
135 of fers naxi gHBVE Qe herébyeifcorporated by dbfergsguct i on in sol der joint
reliability. 30 Any of these designs and construction nmethods can be
utilized where



32 the mcro-castellations are | ocated anywhere on the mcro-castell ated
printed WD 2006/ 004921 PCTI US2005/ 023270 -9 2 wiring board, including

under neat h devi ce bodies and permtting their integration into the device

| and patterns. 4 Although the invention has been described in detail wth
particular 6 reference to these preferrged enbodi nents, other enbodi nents can

achi eve the sane results. Variations “ad nodifications of the pr esent
invention will 8 be obvious to those skilled in the art and it is intended

to cover in the appended clains all such nodifications and equival ents. The
entire 10 disclosures of all referen ei.ls y%:)plications, patents, and
publications cited above, are hereb&' IH porated by reference. -10- CLAIMS
What is clainmed is: 1. An apparatus for accomodating circuitry device and

i nterconnect changes externally to a parent printed wiring assenbly, the
appar at us correrbiag{;ﬁ claimpdi®- castel l ated printed wring board, said

m cro-castellated printed wring board conprising fine features, the
printed wiring board conprising a material whose properties account for a

coefficient of expanahappdrdtierfenaesommetsten cirhidtrg imvipedand rimterdonyectevi ces
and a parent printed wiring board fromthe E?\rsﬁnihézri nted wiri ng, assenbl y;

a first intt&ng8nREEMIYN 1B RAER @mt?f?‘?"frﬁ’@ 58 AP AKISOIMYBHGi rcui try
devi ces, said f§rijcrd-BhSERRBACSANE@WiKihG! Bikird 24bRITAISH-ERtaRMY ppRttd ef | ow;
a robust solder joint, wherein the robuSt solder joint has a specific
wiring board comprising fine features, the printed wiring board comprising a
material whose properties account for a coefficient of expansion differences
between the changed circuitry devices and a parent printed wiring board from the
parent printed wiring assembly;
a first interconnection between said fine features and the changed circuitry
devices, said first interconnect comprising:
automated assembly and reflow;
a robust solder joint, wherein the robust solder joint has a specific
geometry based on a pad to a part lead geometry and thermal induced stresses;
a unique pad geometry for said changed circuitry devices which defines a
footprint; and
a second interconnection between landed castellations of said micro-
castellated printed wiring board and the parent printed wiring assembly, the
second interconnection including a robust leadless solder joint having a specific

geometry based on a pad to castellation geometry ratio and thermal stresses.

2. The apparatus of claim 1 wherein said landed -castellations
interface directly to parent printed wiring assembily.

3. The apparatus of claim 1 wherein said robust leadless solder joint
comprises two distinct soldered zones, a first formed between land patterns
comprising a thin structure and a second being formed in the landed castellations
which functions as a solder column,



geonetry based on a pad to a part |ead geonetry and thernmal induced
stresses; a unique pad geonetry for said changed circuitry devices which
defines a footprint; and a second interconnection between | anded
castellations of said mcro- castellated printed wiring board and the parent
printed wring assenbly, the second interconnection including a robust

| eadl ess sol der joint having a specifi'c'® geonetry based on a pad to
castellation geonetry ratio and thernal stresses. 2. The apparatus of claim
1 wherein said | anded castellations interface directly to parent printed
wiring assenbly, 3. The apparatus of.claim1 wherein said rqbust |eadless
sol der joint chnpri%e & r‘ﬂl"%t‘i’fnﬁlta"gofd’(‘-’;?eéa'”zéﬂ@s?a”é’efji Py el}ljagﬁoﬁﬁdarﬁet ween
l'and pat t efoffied GAMEM ddRjelt tRe hErd-cstalatdd FriméWwiingasadid being fornmed in the
| anded castellations "which functions as a solder colum. -11- 4. The
apparatus of claiml wherein said | anded castellations are fornmed on an edge
of the mcro-castell (A Ao . T p : aiml
wherein said | ﬁ'ded @gegfaﬁlaﬁ}}lgﬁ%fwg{a\erﬂ }Wﬁggmi E?Igr %dgtao@%ﬁé“amﬂg bie

nm cr o- cast felthad entepral rtb ettie winicrovgastebatdd quimped siintgy paatd abmyprisiog cantikdly

castel |l ati ons. 6. TPFT\ ﬁgls)ar atus of claim1l wherein said | anded castellations
are forrre%cqlfﬂe(grci’?éelﬁ %he micro-castellated printed wiring board
conprising fully occluded castellations. 7. The apparatus of claim1

wherein said second interconnection  conprises a neans for autonated
assembly and r el ow The apparatus of claim 1 wherein said landed castellations are

formed internal to the micro-castellated printed wiring board comprising fully

occluded castellations.

7. The apparatus of claim 1 wherein said second interconnection
comprises a means for automated assembly and reflow.





