BROADBAND RF CONNECTOR | NTERCONNECT FOR MULTI LAYER ELECTRONI C
PACKAGES Background of the Invention 1. Field of the Invention 5
[ 0001] The present invention relates to a broadband RF connector

i nterconnect for nultilayer electronic packages, and nore
particularly to inpedance matching to provide inproved broadband

performance i n CelERDADBAND [RY CONNEETOR TNIERCONNECZEd
connectors. 2. H stpHyr MULPELAVER FVECTRONICPACKASHESIOW in the

art to provide a coaxial transition arranglgmant_ i ncluding a
br oadband RF connector i nt erzashground efrthelnyveniiger el ectronic

packages. Such arrangenents are n used.in, for exanple, radar
systens having an el ectroni ci'pgg'%%gtwgﬁv?%o&nsm t/receive nodul e

and gntenna feEEd] Tied eysknt Divehtion b RNGTId 4 BfoadbaniI0P 3pnteriauch
arrangenents, it is difficult to achieve broadband high frequency RF
per f or milfegeanmsat foraaubtilayercalasisenis packagesi endmarg parflewasl 9si on
line str it hi I i Lty 0 Sei i.bl .
conpens i e b M ACH - RRE SRR o S BRI B Bl
I npedangenigiied igkagds reguiieg bt addenhbstopackage al one. Attenpts to
conpensat e connector transition_20 by reducing the braze pad for the
pi n connection | eads to hi ghZr i@l@t%rﬂﬁﬁ]a%?ﬁﬂrrﬁt and connect or
rel Lability. - Var i ' r t [ 1 in
. 2t enpt ' (90080 3t RhbaHn bt WEY RRbeodld-AL UERER ol AtEn eIt
per f or maglading < broaidbhnd RAowiddctor iatarangese itrsmuBilalyernaleatroairgenent
Is shown in U S._ Patent 3,745,488 25 of _Rogers. .This ent . descri bes
a di sk Peckaresa TRRFTERIRUNS 476 CHBRARLY Sedin HphespiEBley rafar SYS*EGT?S
struct Uha &?Ple@ﬁ%n%!m@ag& SrifRh G it AN EModBlCANd Bhidilaeld | S
y not

relative onpl ex an eadi |y adapted to coaxial transition
network for the transmitter.
15 {0008] 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. It is impossible to compensate the
impedance mismatch within the connector by using impedance matching
structures inside the package alone. Attempts to compensate connector transition
20 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

25  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 {o coaxial transition
arrangements which couple a coaxial cable to a multilayer package so that

impedance matching is achieved with minimum modification. Similar comments



arrangenments which couple a coaxial cable to a nultil ayer package so
that inpedance matching is achieved with m ni num nodi fication.
Simlar comments apply to U S. Patent 6,028,497 of Allen in which the
i npedance of a coaxial transmssion line is adjusted by adjusting
the wd BRemsoft 0P8 R9PBEAUBS in WIIEH tHé ARBERINRIfA coaxial
washer-s%ﬂg%g% end o% a shroud. Bri ef ]%escri_ptigﬁ?of the I'nvention 5

[ 0005] Thmspriesienfinerivedjisbed by adjwiéms theedidtl endwhehe nf 2 amd andheved
br oadband per.formance with a.brogdband RLP connector interconnect for
Tt | el Rt 12 WaERt R SO PPy ol at vel v i nor

nodi fication of conventi @gls DédcHipilonesT the Th@dihded. A coaxi al
transition arrangement conprises a transnmission line structure

i nsifle a nul [000&) Shepusisanfeinvantion piratideninpedaie Mmatghimsnd fmproved
connect 9r coupl.ing.the nult.j,] ayer pack to the coaxial cable. The
coax! al reRaag B RarGs 26 B behe IRREOR et PRk RRet ket

di sk st puatitiRrdifafe padigel®t dhich sKlyStelateddly eriBbOM deGedtimesfance

mat chi ng. [0006] I n accordance with the invention, the metal disk
st r uct ucenvemsiondbstractyres argayreds Areeanialdirgnsition agrangarpent eomprises a

nmount ed_ i n spaced-apart _relatio I nt.e | n.
The. contim-EBRaEeLER YturbiCiis D Lu B IRy b onk R b Al
pack@ge cofsl dor@eplocalpliyg e fRlAlaydl pickfirvie itleevesial eghldi dietceasial
with increasing distance fromthe nultilayer pacl;i e. The coaxi al
connect epndudtey inghiles astpndericandastar Rin hayae g et 3@# gheRgtagRthereon.

surr ounq.ihrelgnéﬁ?dfs%n&gﬁ%tﬁgg@g&&&%m@%%aggg%ﬂﬁ{é&@efih- di sk structure

t her eon“ana recerving oaxi [0007] In a
preferred ar [(00gETaccaclante mith the inventiowethici matal ek strubivick aydndes a

package includes a stack of ceram ¢ |ayers, Jinside which coax{ al
D o phiowiis obmettdiont e LERIGT St EREDE B SPoGF - RE b LaaTa A O

ConSEe i [l 0 Mo Gl L Sipraine

via of whetidmaxipacksge, anitithe pleraltpoé otasdl disks have decreasing diameters
with increasing distance from the multilayer package. The coaxial connector
includes a shroud brazed on the multilayer package, surrounding the center
conductor pin and the metal disk structure thereon and receiving the coaxial cable

20 therein.

[0007] In a preferred arvangement 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.

95  Within the ceramic layers the center via of the coaxial structure is connected to
the hraze 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

30 specifically, a plurality of the thin metal disks are mounted on the center



the braze pad. The nultil ayer package may include a ring of ground
vias for construction of coaxial via structure. [0008] I|npedance
mat ching in accordance with the invention is achieved wth only
relatively m nor nodification of conventional coaxial structures.

Mor e 390%&%&%&%?% tRb g&@ié b Qe‘tﬁegfas%!r@h 52l Aéaﬁh%agﬁr,gif-het%%e

nount ed conductor pin adj acent e braze pa

base of ahiebhpp@of Adhrdudmhidhysum tnendsi the cented: cehdpeton fpim isddjosic dvioi ash
surrounds the center. conduc in i adj usted so as to accomodate
t he thi FP%‘BWHEHE? 3t the & 0["30‘65 pref erred arrangenent, three

conductive djopl Qﬁed ﬂ?%gélirgﬁ aPfhnge nfeli@ 13908 BSnARBIY Qs ﬂ‘erhlbl'i‘nted on
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expl oded view of a center conductor pin of coaxi al connect or
showi ngincneasingditance ﬂbmcﬂhedilazapadonductlve di sks are rmounted on
the center connector pin to achi eve inpedance matching in accordance

with the invention. [0011Bdf®eRripsicn ofitlie Drawwn g the center
conduct or pi f E 1 showi n 15 t sks unt n i.n
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and 2 is nounte hin a surrounding shroud. [0013] FIG 4 is a

si de sentoumbed onithewatter henwaini piln toachieve ompeflaEteGnagclghgw ageorflance

manner |n ich it.is coupled to a multilayer package and the 20
manner FaBHIeoRVERPRcei ves a coaxial cable, to provide a coaxial

transition ROIFNIFTEERLSs a side view of the center conductor pin of FIG. 1 showing
15 the disks mounted thexreon in accordance with the invention.

[0012] FIG. 8 is a side sectional view of a coaxial connector in which the
center conductor pin of FIGS. 1 and 2 is mounted 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

20 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.

25 [0015] FIG. 6 is a plan view of the ground ring and iris of FIG. 5.

[0016] FIQ. 71is 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. 8 is a diagrammatic plot of S-parameter magnitude mdB as a

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



[0014] FIG 5 is a side sectional view of a coaxial transition
arrangenment simlar to that shown in FIG 4, in which the coaxi al
structure within the multilayer package includes an iris and a ring
of grounded vias. 25 [0015] FIG 6 is a plan view of the ground ring
and i1 gigfoukhfz n§pe¢{11 %a&hﬁg dorldicBivS dskksS 868 kRO ng S Bb TR ort O
that of FIG" 5 and show ng the nmanner in which the ground ring has

t he coaxétalrndossnend aiscciosptte lpbereto. [0017] FIG 8 is a

di agrammati c_pl f, S-.paranet er tude
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3 Wi t hodn dligivi RSIEARG Gt GDEHcRIAd IR rdis ks préide SABYIALe
reflection loss or return |oss, and also insertion loss. [0018] FIG
9 i sba disdghiagrmtaceonganre wiithi therinventiotat of FIG 8 but with the

conductive di sks mounted on the center conductor pin to provide
i npedance 5 matching in accor d@etsiled Dbsdripgiomvent i on.  Detail ed

De t 1 | od t f
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accordance wth the invention. The nmetal disk 10 structure
i ncl udegpr dmdeanmda‘reeenatchug@ degordb@camdtl? the naehtiont The mathl gésk

di f t t t hat Kk k., 16, .h di
ohi L S 14 8k fles Wate tflSiest G B 3p ans 24 s Re Rdediye i v
V"h' ch i aﬁfei‘éﬂ@fhéipﬁf&ttoﬁ'@ﬁe Sfher th8 dddieK B dlsRO¥lasTheadi@Btiich is larger

conductor pin i s of conventional design and has a 15 generally

cyl i ndr thead tl‘podlskéﬂ JBhenhisk 18t by tirnabes airadins whick4s lauger than that of
conductgh gwlo has a second cylindrical portion 26 of dianeter

whi ch i %@5 than the dianeter of the cylindrical portion 22. The

second cyl i n@BORORTHMehiéicoduebot @MelS0 ivef w-zﬁzranhbﬁa]f désﬁagn gyl ihagdrd cal

portion 22 and a base 28 of the center conductor
generally cylindrical portion 22 which terminates in a tip 24 The center conductor

pin 10 has a second cylindrical portion 26 of diameter which is larger than the
diameter of the cylindrical portion 22. The second cylindrical portion 26 extends
between the first cylindrical portion 22 and a base 28 of the center conductor pin
on which a braze pad 30 is mounted.

20 [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

95  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



on which a braze pad 30 is nounted. 20 [0021] As shown in the side
view of FIG 2, the disks 16, 18 and 20 are nounted in spaced-apart
rel ation 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 uabYLHSIASN pmag‘mls%ﬁcélﬁmhﬂgﬂ d?éfwgﬁed bathih hedds %er%@n'&@d by a

cl osest to the braze pad 30, the disk of diameter slightly
snal | er shitvard 3%haTheshiond @ islof tenventivahdesiznexcdd thet drisenlaigdd asf

the disk 16 fromthe br ad3 he, di 20,,0f di anet

S oht T §eERariaD eromaTAre B PR ROk ehBEnle 1 it U srfErgopier pin
side of {phe disk 18 fromthe disk 16. [0022] The center conductor
pin 10 with the netal disk structure 14 thereon forma part of the

coaxt al connl®al FIG: disherrsithe §h@%ﬁ1 ¢omnerigr 13 of fii&. Sqmewntedron a

by o shafirbel Palesk R SR SR st RBRT ERE e Wl VB pRREL

it is ephasiesh aFanfREEHIES YeiveACthe MMBRAL e R kapt 34 adidSﬂhe&ioamllur e
14 on the center conductor pin 10. 5 [0023] FIG 4 shows the coaxi al

connect eable B6ofThe|cgnie oopdnetoy pam 18 of g @qaxaayle}onpa@imaé@ 1380y ad to the

rece r

Lt angennieBr ERMad ) ot ik Bk Dl Al RRRKRr. ThATRA Dl

cabi{;:a 350 isTheazeé né F]Jie ﬁﬂmﬁls@rtel 9paatage1&‘)1 dfhé bhrcaﬁaaabml a}s‘.@emqﬂd %dgtoﬂlﬂa ihs

coupl e mul ti aca e braze pa at the
basg tr@rui% Yelrﬁaclﬁﬁg&zﬁ/ Ba& TGHSB?[‘I? ﬁr%mﬁgtlkw&r RAtk 4%ea%ﬂewaﬁackage
34. Then&#%ggiﬁ%@ac?fsce f% Q_H?é d to the nultilayer package 34, as

shown i ayer package 34 may conprise a stack of
cerani c | ayei0f24] amzzs}ara'mbag e ad G2nies4@bhepeniorgeddvinpaihei coakial

ece Vg, (U conialy, CobLe 30,1 gusoupl e Uhe conial, coble 30 Loy Lhe
15  coaxial connector 12.

[0025] The transmission line structure within the multilayer package 34
may comprise a coaxial via structure, as in the case of the present example, 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

20 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

25  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

30 reflected loss or return loss. As shown in FIG. 8, the upper curve 50 representing



[ 0025] The transmission |ine structure within the nultil ayer package
34 may conprise a coaxial via structure, as in the case of the
present exanple, or it may conprise a slabline structure or a
stripline structure. FIG 5 shows the coaxial cable 36 coupled to

t he coaxisaltifOTRE AbPlatd vl §He deSo BRIMHISARORudIS FRApPud:tind A¥T20 GHz
package 84 including a ground ring 42 which is connected to a

ci reul amdi@&tim@mtége retfoymenerietithgi caavemtion ¢ogriol penmdckey 82, whi ch
is shown iQiFlgg 6 'Qf |l;as FIGs. 5 and 7, has an iris opening 46
t her ei nCPB1ZRRE Bt erhe  center conductor via of the coaxial
structure wifobky Fie, put bidiay@inRatk 3 siidie2 6 thet ¢IEIG. @iskty not ed,
the metal disk structure 14 consisting of the 25 disks 16, 18 and 20
on the revessntinsniheaasformance prpvidod a¥dbe spatiaheannegiarniZiyithiibe metab

st r SRR G PaRRAD tne R R Erlah. N BHEEeuli St 5%, ¢ 4
pl ot of repPefaAita Me@tioNdeR| hhda lbWwedBubs 56 feppedent raects Ry bL yé il

for a conventional coaxial__connector. An _upper curve 50 is insertion
| oss, akds.afs slrbecipepdran FI6. Soin the wse of thosepwn! coapgster 1§ ascordang
shown i I . I . 1 i .

dovi at o e Buibh IR BHIE 2 LRREPEPIAL Gurvd A0REE R0y AP

i ndiEat tongfriehaendyhe spprdanrenlyel DG ecpensetin g fnvdbettareparfdrreora ¢héwr
is considerably_ less than ideal.. [0027] FIG 9 is di agr amat.i.c

pl ot si ¥ thercase of the comv BFJP@I"‘C"]BCOBE%&J SO?E%FF%"S’S"&SPF?QQ‘? ﬁ@ tb% g’ﬁ%r e Ce 8-

br 0V! Ao Dy} 8 eA0R AN OB BCERO o fifo MhibdlahlE bRl Ring HHodtaeltipHeur €
14 according to the present 1nvention. An upper curve 54 represents
i nsertimetdlalisk stamdtvaelldnwer curve 56 represents reflected | oss or
return loss. As will be seen fromFIG 9, in the case of the coaxial
connector 12 according to the invention, the insertion |oss
represented by the curve 54 remains at zero up 10 to a frequency of
approximately 32 GHz, representing far better performance than in
the case of the conventional coaxial connector illustrated by the
plot of FIG 8.




The inproved performance is due to the inpedance mat chi ng provi ded by
the netal disk structure 14. 6 | claim 1. A coaxial connector
nmounted on a nultilayer package and having a center conductor pin
surrounded by a shroud, the connector having a plurality of
conductive disks of different outer radius nmounted in space-apart
fashion on the center conductor pin to provide inpedance natching,
wher ei n thelaent er conductor pin has a base thereof nmounted on the
mul tilayer package and the plurality of conductive di sks conprise
three netal disks which have decreasing diameters with increasing

di stance from the myldbliaV@nRestadRitedon Jﬁaltﬂ%zéeE&dk@ge SRAthalREthcehfr
claim1, wherein the plurality of conductive i sks are conprised of
rel ati vel gondurter pint surraiinddsbye sirqulethergonperpy having TREralHy @f cpadicsize
forth in gl ai ! ' . ' ' @gﬁ- f
ceramc | giﬁggé é?déﬁ %U%%gﬁélggm%%%ta%rg&p% as ?%{1 (%)r{r]tgll% ggg%cf%gﬁ a altlge
t her eof bregedidt inpdilanstaakhiof, ceram c | ayers. 4. The invention set
forth in claim], wherein the nmultilayer package .includes a ri of
ground vi as haVPRG alhe £S5t BUEUERE P HESid aSPetg%'F?/fi ‘ﬂ&“"f"ﬂgo’&é}?ﬁ ‘é‘f"ﬂgayer
conduct or pRikiagd BES Sl plurlity! BE coliMBiMel MBksSEmprvet tArek Mm&thladifkslwhicHHaber

including a coaxial cable connected to the coaxial connector. 7
decreasing diameters with increasing distance from the multilayer package.

2. The invention set forth in claim 1, wherein the plurality of conductive

disks are comprised of relatively thin metal disks of different radii.

3. The invention set forth in claim 1, wherein the multilayer package
includes a stack of ceramic layers and the center conductor pin has a braze pad at a base

thereof brazed to the stack of ceramic layers.

4, The invention set forth in claim 1, wherein the multilayer package
includes a ring of ground vias having an aperture therein for receiving the center

conductor pin therein.

5. The invention set forth in claim 1, further including a coaxial cable

connected to the coaxial connector.



