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BROADBAND RF CONNECTOR | NTERCONNECT FOR MULTI LAYER

ELECTRONI C PACKAGES Background of the Invention 1.
wWO-2@Bdo3s88 t he | nvention [0001] The present i nvRECIE/USIW08/053880

relates to a broadband RF connector interconnect for

mul til ayer el ectroni c packages, and nore particularly

Ito o if g’;ﬁﬂ@&ﬁmﬁw mﬁwim%@oﬂmm
br azod HoRs MPTEEAYER B ECYEONRS ERCKAGHS | 09

It is known in tBachstodl of ihe Beeat@@axi al transition
arrangenent including a broadband RF connect or
i nterconnect for nrhl Hi¢ldydthelagengpnc packages. Such

B B SO RR B o g R P LSt
intercdrritos Md MABERIYES TR4Hfc ?)%ka@és? ARd hefdp ReEMARKy @r
the transmttér. [0003] I'n such arrangenents, it is

impedahéef inaiithingdogoiovlecinipwydd drdatbaid peciguaanyge RE ceramic
organce from a coaxi.al connector transition to a

.perf
multilyyey, PORCURIEPFArC ORGP RPN a nul ti | ayer
package. It is i ”ﬁo%ﬁis&lrg JhEPREN&AL € the inpedance
t

m smat ch within the connéctor by using inpedance

(00 Itdis Hdowad i €lse hfisicderdvide packeiad tadrasidon At £gHreent
to conpensate connector transition by reducing the

includingaz bresdbamst REtongieatar dnrzepnpect| fon aaultdayprgpleetrapic
manyf act uring and.connector reljabi.li}y. 004]
packadff 08 nge B AR ET T By b xp B patog pvstems
having@hth @8Rirdfc PheNAELw 0L 4R B 6B n ddidle taiRT £9nna feed
roadband performance in coaxial transition

netwoit faarthertemsmitgech an arrangenent is shown in U S
ﬁ?t e3 t_ 3, 7%5, 488 Ce s . .
00 ? In such arrangements, it is difficult to achieve broadband high

frequency RF performance from a coaxial connector transition to a transmission

line structure within a multilayer package. Itis imp_ossible to compensate the
impedance mismatch within the connector by using impedance matching
structures inside the package alone. Attempts to compensate connector transition
by reducing the braze pad for the pin connection leads to high-risk manufacturing

and connector reliability.

[0004] Various different arrangements have been tried in an attempt to
provide impedance matching and thereby broadband performance in coaxial
transition arrangements. Such an arrangement is shown in U.S. Patent 3,745,488
of Rogers. This patent describes a disk 76 and a ring 78 which are moveable
within a coaxial structure to achieve impedance matching. However, such
structure is relatively complex and not readily adapted to coaxial transition
arrangements which couple a coaxial cable to a multilayer package so that

impedance matching is achieved with minimum modification. Similar comments
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of Rogers. This patent describes a disk 76 and a ring

78 which are naoveable within a coaxial structure to
W@2tsae3sss npedance mat chi ng. However, such st rRCE/US2908/653880

relatively conplex and not readily adapted to coaxi al

apply %or @nél tt%ﬁlllt%x(ﬁfg]gg ?Eﬁlem C\Ehfc?luﬁleeig%me%b A 5 c%%(?al

ayer age so t mat chi ng

transrﬁlfébio%\/l@ﬂe v &@Juﬁtéd By adfedidgd gal wadth Shdkhape of a pin and the
comment sapply to U. S. Patent 6,028,497 of Allen in

inner diaimtter o€ aimpBwarsiepet eald:@-%a(shroq& ansmission line is
adj usted by adjy and shae of a pin and

the inner di ameHes jon of the lnvention ¢ 5 shroud.

Boosd] Pae ﬁfrb@éﬁﬁ%v@flﬁbﬂﬁ)x‘bﬂ@@ tlhﬂfédhﬁgg ﬂaﬂfhfhé%ﬁé efibproved
|nvent|on provi des 1 npedance mat ching and i nproved
broadlizmabpédorinpacé erttaabroadhbind Rt aadizate: REexwonnect for
i nt erconnect f mul.til ayer electronjc packages.in
multﬂmrcﬂe@#xppwrwgﬁg@%w WhiRb onkhae fitléfﬁi}i Bringy modification of

conventct? qrétth?&ﬁk‘essfsrfééngxreﬁs A%oéﬁgy Itl[aq%%tléh %\gﬁeﬁﬂmerﬂt comprlses a

anS|t| on arra ransm ss

transnsiskidet lihe stﬂ%ttdl% iasfad & tﬁ@lxﬂay@al@d&ﬂ@%e a coarl ahbl@aiﬂdea
and a coaxi al connector_coupling the mul til aye

CO&XIabQ@mﬁ}éOR @)qnim&tlsg(mltll@mwacimée tobke a@amﬁ@m@@o rThe coaxial

h
conduiBF HITRES AREPITTCoRTNE ot B BeR L PPUEk B Rt horeon.
The mbfﬁlq‘Hé‘E%ﬁ'd@ﬁf@f)ftﬂndésﬁfi}g@ddr&e%ﬁ%}ﬁﬁgce with the

i nvention, the netal structure includes a
0e06]| In wcafrdantaivith shesimofendiolnf ¢hemetsl dEskmimnciadeiincludes a

pluralff! susies Al BHBroT, F ot 08 spacef-8aat i alpgon along
the cexg?:é\% aﬁs{orﬁgﬂgﬁa rfeg'?gr E&?dlﬂﬁﬂf ﬂ A h¥s 8o tc%lugfjédsfﬁsthe

ecrea ers wt creasi ng ISt nce

multilhy@pidkegelhhd thy pluidityagene th digaakiawd d@@'@aem‘g(xhameters
i ncludes_a shroud brazed on the nultilayer package,

with inerepsipgdlistpncedremrihermabnlayer onckige- ah epﬁ@ﬂﬁ%tﬁﬁmnec‘cor
1nclud?%§llfsg?t 4 Frgzreed orrl] ¢he %]ul%qugreﬁaeékv 'gre]sgs Ihr%u%(aaﬁ(é ﬁlle 8&?5'(3?

conductor pin and the metal disk structure thereon and receiving the coaxial cable

therein.

[0007] In a preferred arrangement according to the invention, the
multilayer package includes a stack of ceramic layers, inside which a coaxial via
structure exists. The center conductor pin of the broadband RF connector has a
braze pad at a base thereof which is brazed to the stack of the ceramic layers.
Within the ceramic layers the center via of the coaxial structure is connected to
the braze pad. The multilayer package may include a ring of ground vias for
construction of coaxial via structure.

[0008] Impedance matching in accordance with the invention is achieved
with only relatively minor modification of conventional coaxial structures. More

specifically, a plurality of the thin metal disks are mounted on the center
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[0007] In a preferred arrangenent according to the
invention, the nultilayer package includes a stack of

W@ 2008193588 ayers, inside which a coaxial via stPURUSR088/053880
exi sts. The center conductor pin of the broadband RF

onnector. h raze aset eo ' IS -
coniu GPERREN lpoBRE  BERAGHRF Ay e Pad S B AR g sie
and sheBt dMaCsHroug Whicheuweenieds tHedeedfted BEnBRAYE Bin & AdiektddEso as
is connected to the braze pad. The nultil ayer package

to accommyoflatd thetlinrdonduotivgdaksd vi as for construction of
0axi via structure. [00Q08], | npedance tching in

[ ?Ahe orgferred ﬂ%ra%s&ﬂq_%o]hhl@ GBAEY LR gt gunted on
the cerSr Ebhie e Byt o <FRE- p Al R7eon SRIXER: $HO Braf bR Bl the pin.
The difBilctér 6ff sdeh disR 1gduiférest drorm e ciminet@ontihet@hepitwo disks,
ag{'ﬂacent the braze pad at the base of the pin. )
and thagdsks aveamopntedsueh shatathe diamnpiens therept dearoass with

surrounds the %sgﬁggﬁgﬁgguctor pin is adjusted so as

e | {

mereayigeyd %"3%?855% conductive disks. [0009] In a
preferred arrange onductive disks are

mount ed on t heZ% el Descripion ot eIPAWIMIES 4 ced- apar t

[ agl} - r ' .
[, Bl e SRl Al egphad il bES Bhr s pin ot
coaxiabtordretet diwingthdi s kBneAittwihich glwkd canductwmntatssreh
that the dianmeters thereof decrease with increasing

mounteid gndheeentonsareckrapia toaarhisrd wapekande paidnngfinpgeordance

. Drawi ngs [0010] FIG 1 is a perspective, exploded view
Wltht}befma‘(e@g]r?tner conductor pin of a coaxial connector

FItPM] BTG 2 1 RRBRY viel hilehcaplttF ddnd@ekiid Y¥EFIE SKShowing
are founted on the center connector pin to achieve

the diskspeoanize theiretn hy aceordevoe wathe thaninventiva. i nventi on.

RIS i el o e 0 SRS St e
center 36HAHAZP HEn WF FIGE"E 48N h¥inted within a surrounding shroud.

[0013] FIG. 4 is a side sectional view of the coaxial connector of FIG. 3
showing the manner in which it is coupled to a multilayer package and the
manner in which it receives a coaxial cable, to provide a coaxial transition
arrangement.

[0014] FIG. 5 is a side sectional view of a coaxial transition arrangement
similar to that shown in FIG. 4, in which the coaxial structure within the
multilayer package includes an iris and a ring of grounded vias.

[0015] FIG. 6 is a plan view of the ground ring and iris of FIG. 5.

[0016] FIG. 7 is a side sectional view similar to that of FIG. 5 and showing
the manner in which the ground ring has the coaxial connector coupled thereto.

[0017] FIG. 8is a diagrammatic plot of S-parameter magnitude in dB as a

function of frequency in GHz for a conventional coaxial transition arrangement,



10

15

20

25

[0012] FIG 3 is a side sectional view of a coaxi al
connector in which the center conductor pin of FIGS. 1
W@ 298203588 nounted Wi thin a surroundi ng shroud. PEU0I2]8/053880
FIG 4 is a side sectional view of the coaxi al
w1thoug gﬂg ﬁ%&%@gﬁée Hﬂua}@tdllﬁlgm\ﬁr}%g]kv% Qfgs%%gl'?ﬁ]sﬁd% \P% x%tﬂebﬁoh Joss or

returnWhdst Anldtals@ éedcrEidndosnaxi al cable, to provide a
coaxi al transition arrangement. E0014 FIG_5is a

HI0J8] SBKG i Dian diamanpnasicadesimilar tnehati erFIG 8 but w1th the

conducfiys HERR Fifturleflo the i pomi o 9 Bipaae, bEpseh

matchlh%QhU&%&c?dhdeWVﬁheﬂh@ 1ﬁvéhﬁ9n0f grounded vias. [0015]
is a plan view of the ground ring and iris of

FI G 5 [0016] FIG tional view simlar

to that of FIG 5 aD té e(?D%lS&q 61t nner in which the

F)Ul GNAFTC nmsh@ﬁ ekphdedPperape@BNEeivalf £ estieedohdeéRt Pin 10 of
017] FIG Is a diagrammtic plot of S-paraneter

a coaxighgennender LA hdlm@g aamétal clislo atractureetimmanted ogrthefn 10 to
a.conyention coaxial transiti ar.rangenenf, W t h

provid] HEBA SR RBL HRECH S5 LB VY QDG SRS TH Y disk

structyill @8e AffERY r(ﬁslkso'f@ l@ﬂﬂd@lﬂsgaémﬁfﬁ h Q4 dius

0SS. 0018% FIG 9is a diagrammatic plot simlar to
differehthtliaothdl & the diher mwbhhslkﬁe Thadisdt 16 éladlaskaﬂme wwtiieh is larger
on_t he center_ conduct or to pJ.OVi dance
than thedishi Hy The il d Batc@I DAS eHEAd NG HF b [A56PR Phay that of
the d1s992°(f“ ption [0019] FIG 1 is an exploded perspective
view of a center conductor pin 10 of a coaxi al

w20 CI‘lQé cdrdield @hagctar Pih Al0 idio$ Ieoﬁfrént@dnaleiebﬂgmaﬂat}@@ a
on t pin_10 to provide inpedance matchlngE
eneralal@mmdmel wprtion Ba thbrﬁermnateﬁenr?etlm%d ke center conductor

pin 2055 Sl AR 58 U S B g e
dlamet%glrag glrlé ¥R SKSL poiRRn® S KTHE s@@&mcﬁcﬁ%’dﬁéal%r%n‘ %6 extends
between the first cylindrical portion 22 and a base 28 of the center conductor pin
on which a braze pad 30 is mounted.

[0021] As shown in the side view of FIG. 2, the disks 16, 18 and 20 are
mounted in spaced-apart relation along the second cylindrical portion 26 of the
center conductor pin 10 adjacent the braze pad 30. The disks 16, 18 and 20 are of
varying radii and are located such that the disk 16 is closest to the braze pad 30,
the disk 18 of diameter slightly smaller than that of the disk 16 is mounted on the
other side of the disk 16 from the braze pad 30, and the disk 20 of diameter
slightly smaller than that of the disk 18 is mounted on the other side of the disk 18
from the disk 16.

[0022] The center conductor pin 10 with the metal disk structure 14

thereon form a part of the coaxial connector 12 which is shown in FIG. 3. The
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than the disk 18. The disk 18, in turn, has a radius
which is larger than that of the disk 20. [0020] The

we20Be3ssonduct or pin 10 is of conventional deRCTHS2008I053880
has a generally cylindrical portion 22 which

center h&ﬁcﬁ‘ﬁ&@f ??n g@ i§ c&h rl%fllc[slﬁg %ﬁg&ﬁ%@gﬁpgﬁg 98 Rh%\kl#ieg by a

a se yl'r'ndrica

shroud 32.| Thg %hrélli@Bﬂlbl of dhvaitemalfdekiper extebbthathlispaildiged as
22. The second lindrical portion 26 extends between

necessatyetsf agcommydatedinecnptyolisk shruztuemid antheeepgerpfondystor pin
10 center conductor pin on which a braze pad 30 is
: nount ed. [0021] As shown in the side view of FIG 2,

(0237 BKS. 4.6howS tBE dozaPén B €2l of FI@pQ%é*umran a
relation along the second cylindrical portion 26 of

multilayes peekoge 3d@ndlrdceivipg m c:tmxmij caubdm% tsh asbloamevm 8faxial

bransitfoft At EomEmt Fne e ey qag,%g pe8atS B4 pplcthgrtggaial
cable SEagIt‘l?bO?er{tE? cgiﬁﬁ t%g p% 16'0?%8 {IE t%/ 57 2b i€ 501;1#1@@ to the

IS rmunte er S

multildylae p@lckkgé-ﬁyfwai}m)f tie: braa2e 49080 39 th@bdsé tlee1@of KTRO behze pad
di aneter sli smal l er than that of the disk 18 is

30 is byaggdttedhe mﬂﬁdaﬁehﬁﬁcléag@fbf Threhapud 32gs falgmequidedite khe
216, [0 0 h.th |
multileyPy pegRpgt ok B SEOVR IR I, Rhs Bty botatd ity

compri6®ANRELIOS ddavhichyd:§, shown in FIG 3. Thecenter

conductor pin 10 is concentrically disposed within and
09241, r'Phﬂmhim(b&Z has lanmpening 41ﬁ|‘thes¢mo£d réceivingotthe coaxial

onventonpal design hat i s enla
cable 3fdgsounlsthes 556 W O Farliayf e RAS e F4 PR v of the
coaxiaIQ%n'iqlagto?el er conductor pin 10. [0023] FIG 4 shows

the coaxi'al connector 12 of FIG 3 nounted on a

[00R6] I'Btyetrapaekiagon Itheagtthuteneiwithin the ealtidhyenphekae 34
SO as to provide a coaxial ;transition _arrangenent 38
may CopWIpsen comEakiia siragiirepas xfae gasaeitheneresgak prample, or it

may comprise a slabline structure or a stripline structure. FIG. 5 shows the
coaxial cable 36 coupled to the coaxial connector 12 which is mounted on the
multilayer package 34 including a ground ring 42 which is connected to a circular
arrangement of grounded vias 44. The ground ring 42, which is shown in FIG. 6
as well as FIGs. 5 and 7, has an iris opening 46 therein for accommodating the
center conductor via of the coaxial structure within the multilayer package.
[0026] As previously noted, the metal disk structure 14 consisting of the
disks 16, 18 and 20 on the center conductor pin 10 provides impedance matching
with the result that improved broadband performance is achieved. This is
illustrated by the diagrammatic plots in FIGs. 8 and 9. FIG. 8 is a plot of
S-parameter magnitude in dB as a function of frequency/GHz for a conventional
coaxial connector. An upper curve 50 is insertion loss, and a lower curve 52 is

reflected loss or return loss. As shown in FIG. 8, the upper curve 50 representing
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cable 36. The center conductor pin 10 of the coaxia
connector 12 is coupled to the nultilayer package by

wa0086358he braze pad 30 at the base thereof. PACEUREYES3880
pad 30 is brazed to the nmultilayer package 34. The

insertiéﬁ' ﬁ@ééddegﬁ%tevﬁ f%lig']hé%gb %$hste 2 rr% Fleeqﬂéirllg#r loﬂi &@9%20 GHz

indicati@@phitsthepsifaakante 68TlaNtdhveaydhal cé&aanéoxﬂi{m@ﬂﬂsoud
32 has an_opening 40 therein for receiving the coaxi al

conmd@@%mékgstb@ndda@le the coaxial cable 36 to the
34 b th | t
B2 oflE o BiE Gt Btio i A et R BT he
represédihi 'tBY BerRafistee p3dvided HOIRY dor&idl @RR%LEr m ®ith the metal

structure, as in the case of the present exanple, or
disk stirtctmay 1@4(anor(haga:0sthalniremtstmvantmne Aor uppst cuyvel bhe

reprosgRfs RESKEGHK 05F, SUh AOEF UV PE S PP TeSS UL oA IR &x Teturn
loss. A@Uvm Lave n mqe 3k pﬁé WG e WA dohigct glgu&ardmg

I'S connec toa cifcular arr angenent of groun

to the Mivaatidd, tH@mmﬁUﬂdois f@réQent\Aﬂlb;htheSCLﬁh@\m lremﬁln@atﬁzero up
as well as FIGs. 5 and has an iris_opening 4

to a fregweney of AHPTEEEGHALGR Q%z,tmﬁr@éammg %ﬁmﬁtqrdrerﬁqraﬂmce than

ucture wist hin the a c
in the ('[‘26562%% %OBPI%J{#%]&% Vaﬁﬂﬁl c&)nnfaﬁtorlﬁu fra%ecy Ey tﬁg (?.go FIG. 8.
The 1n1%)4‘0§&{‘?bﬁi)hﬁﬁn9§ id 88e % ks irhPeddBecrnh t@Pin@Hriokl<dehy Etie
conductor pin 10 provides inpedance matching with the
metal diekudttudtiha¢ 1dnpr oved br oadband perfornmance is
achieved. This is illustrated by the diagrammtic
plots in FIG. 8 and 9. FIG 8 is a plot of
S-paraneter magnitude in dB as a function of
frequency/ GHz for a conventional coaxial connector. An
upper curve 50 is insertion |loss, and a | ower curve 52
is reflected loss or return loss. As shown in FIG 8,
t he upper curve 50 representinginsertion | oss deviates
fromthe zero axis at a frequency of approximately 20
GHz indicating that the performance of the
conventional coaxial connector is
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considerably less than ideal. [0027] FIG 9 is a
diagrammatic plot simlar to that of FIG 8 but
WO 20988683588 | ng t he performance provi ded by the ROEKS2D8/053880
connector 12 with the netal disk structure 14
I claim@CcoOrding to the present invention. An upper curve 54
“represents insertion |loss, and a | ower curve 56

Lepr edeadsisetdeedctor hastn®h E@ityf RohdastorAsinwshitrobaded by a
seen fromFIG_9, in the case of the coaxial connector _
shroud) sthec conueqigr thaving nplamelibn oft eenduciiviet digks| e glifferent size

represented by.the curve 54 remain t zerq up to a
mountpddh spate-apart fashion o e repsetondyclar 28 doitg Vi tmpedance
match#@t ter performance than in the case of the

conventional coaxial connector illustrated by the plot

of FIG 8. The inproved performance is due to the _

2npedZThe envention sgt fordh iioethiby 11 waenenathedgplsicality of conductive

: structure 14,1 clai 1. Ac ial npnect or having a
disks 3 PRI FIRBe R S Bai e oLttt adihe
connector having a plurality of conductive disks of

gi f f erRptinkABioPYY &StthNinS BRGAT APAUbtHASHARIRR hhRultilayer
center conductor pin to provide inpedance matching. 2.
packagBhieavingeht icoaxiad cohnedthr mowitad théreosher ei n t he
plurality of conductive di sks are conprised of

relatjyely thin netal disks.,of djfferent radii.. .3. The

v ent PG NERtPE 1 #!Oﬁt P3Gl & G hesn; they mlﬂgaygr package
_ ; . vi ; h
mctad B4 QY5 BRI D oS0 ERTREINT ¢ rsco pad o

a base Shembaé beszed tiethudthick oY esrgparkagerd. ncl udes a st ack of
ceram c layers and the center conductor pin has a

braze pad at a base thereof brazed ,to the stack of ,
Ber anﬁfgenay@v@@n@.etfﬁ@ i My elatios wherqiyrthe eanter gppdyctor pin

rei n t Qr 11 a S h 0 -
nes  MGAUSBE RETHE SPLIHS BRI RaP S S gl of
conductive disks comprise three metal disks which have decreasing diameters with

increasing distance from the multilayer package.

6. The invention set forth in claim 3, wherein the multilayer package
includes a ring of ground vias having an aperture therein for receiving the center

conductor pin therein.

7. The invention set forth in claim 3, further including a coaxial cable

connected to the coaxial connector.

8. A coaxial transition arrangement comprising the combination of:
a multilayer package;

a coaxial cable; and
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conductive di sks conprise three netal disks which have
decreasing dianeters with increasing distance fromthe
woreiosildxger package. 6. The invention set fortPCT/HS2008/053880

claim3, wherein the nultilayer package includes a

ring ] - :

oo b EaERbEG S, B Re e WMAIIAE, (IRKELD ththe conxial 5
cable, thev@akidneoaduct@r intluding! Aiceh&drfdonidnetor el having & metal disk

coaxi al cable connected to the coaxial connector. 8. A
structuge shengon thgnsietpbiiskrstaneane providing ngpﬁ@ameematchmg

conbi natl on of: a nmultilayer package; a coaxial cable;

n d a C a@nt?oqg Q&€ gqq*li:h %ﬁ%ﬁ&hﬂ % It\pll? g nghle atngalpcﬁgﬁ Whucture

o th he~coaX
includekNg! pRirabtR Feficth] ARSIER! GIF Odiffalr-Eni &V Gn@um%ﬁa in dipgted-apart
structure thereon, the netal disk structure providing
relation atna@ﬂmecamiex:mn@ct@r pithe i nvention set forth in
claim8, wherein the netal disk structure i ncl udes a

of .met al ks _of dif nt .si.ze mounted §n .
b fufnthen Se6 el diakh e SERDEiR ¢BR TBH: Sdiiotor pin
has a b8 ca_lli‘ﬁeﬂrt\'ﬂqgm;'rﬁﬁltﬁ%fef 95&19&%6‘&1@& @h@p@uréﬂﬁ?rtﬁ"]ﬂeﬁﬂ%mks have
center conductor pin has a base coupled to the
decreagimg didmgbrrspaitk anercanihg fistphaer fxbint theofh ukelagter giasksage.
have decreasing dianeters with increasing distance

]flgﬂn }?E}? 1@%&%@ E\Mf@g‘g}( ﬂgugoglp\gtpelarg\érﬁ&%@? gqasx?gl connector
includeb ngléﬁqggdam%ﬁﬁ%{fj oBO Y %ﬂu §7 p'Eél{Elgé ay o@ﬁ?\ﬂ &he center

surroundi ng the center COI’] or pin

conductbrginsindiclia trfetah&fskcntrﬁdﬁﬂlré eheiaonngnd Iﬂece(mﬁ»gi t&ie @alxha cable
t her ei n.
therein.



