; e3e, Fr86nTxK2 6 MAY 208 | NTEGRATED M CROCONTACT PI N AND METHOD EEFNAYZWS
MANUFACTURI NG THE SAME BACKGROUND OF THE I NVENTION 5 This inventi

relates to a mcr i devi ce having mcro contact pins integrated
therein for use t@g@% mmm“mper ation of sem conductor integrated circuits
prior to being patkaged and packaged migrom niature sem conductor
integrated circuits, for exanple, and a nmethod for manufacturing such

m crocontact pin device. 10 The conventional mcrocontact pin device which

i s designed to INREGRAWERD MICROCONTACHK PINt ANDMETHOEUFOR or checki ng
he operation of the sem conductor int e?rat ed circuit prior to being

t

e e I, 2 cucrt Yy he Somvent: onal "mer bebnbact. pen devi ce of
this type he®obeen provided with 15 no special consideration such as nmeking
Thi s has. HACKP ROSISRECE 13 INVERIEIV on and crossral k when such
i gnal® o antnts GeRtBoyRIARS i b3nl R akt AR abRER Gl M CeiaY o
therei n T RECIBHEL LR Btk the b AT B UL ARGAAER" PO E Ng i g

vel ocity i;ﬁt%g?étéd ic?rch?\? frl:le&{ t‘g)‘%ﬁgﬁfagﬁ?ge& thl@gkﬁg@d HaRFGdiYhfEONave

Inc.. It conprises a rst arrying 1 nput

m crocont gghidbrituAoriregRRed direl s Kforaiariple, abd AuhefHAT Rsront act pins are
25 mounted and is designed for probing a pair of points on a sem conductor

i nt egr at ethariufacturin mricrddonsactipin @esyee.pr ober requires a long tine to
test many spots on the sem conductor integrated circuit and is not capable
of siHult aneolTheyconyentional micrmpentadtqin device plhickis dgsighed pocentact2 6 MAY
2003 -2 In the past, the nultiple channel probing pin device for

si mul t ane¥ith ¢ spruppnduetanyniegrtedicirauiblor checking theeopergtioasef thet ent Lai d
Open Application, No. 321 170/95 entitled "Probe Assenhly for Testing IC
Grcuit" pemiepndugterintaarated sircy méQHQbelng.pra%?@$emhf r obe

mbly 5 | | di el ic fil ' i1 hi
metal sheBeCRE R Ang Pron RN Fprng vy iRt SRy  Eonsedlbadd o
tt | 0t LL] . gt hey - s f h
o the | e bty aRisrARASboARE: B ORCE IR A RER e ot °
beyongs t hﬁpﬁ#ﬂe@%fl%n%id@aﬁﬁntsﬁehcﬂs%ﬁli@ﬁfg @eféﬂdfhét:%ig@.ﬁcti?l AhhBe udifgrabe tip

(contact pi t hough not 10 specific y descri bed, i s consi dered

fromthe s}mﬁ%ﬂamb §igmﬂvﬂm§hmis@i@{ lines. el ectrical inpedance characteristic
to the ground” that the netal sheet and the multiplicity of nmetallic |ead

patterns may dbashas ledtortronblasrsycht asaredlectionoand crosstalk edpacsuclel y, so
that it is presuned that it may be possible to make many pins |

si mul t aneBUSrgcqItaskpindevige i® iised teltiansmit and geerivg high yelacity signabs t he
characteristi 85 of the high frequency trapnsm ssion |ines maintained.
However, W ARAJTCM 2 semicondustar HegEHed SircHitn device, due to the fine pin

P EBTd e GO AC PLFRPEL S, SUTETRL YN e Cont sct i are
D O THRRE B toboah b chich O St AR ASGoh T Bl gnsd e

are formedor hoBitghigh velocity signals is the microwave prober sold by the Cascade

Microwave Inc.. It comprises a frame to which a first block carrying input
microcontact pins and a second block carrying output microcontact pins are
25 mounted and is designed for probing a pair of points on a semiconductor
integrated circuit. However, this microwave prober requires a long time to
test many spots on the semiconductor integrated circuit and is not capable of

simultaneously testing the operations of a plurality of spots.



event, since in the conventional integrated m crocontact pin device FSMAY \
disclosed in the aforesaid Japanese Patent Laid Open Application, tﬁ seﬁ @p
i,ncluding the lead patterns is relatively large and rel atively expensive,
repl acenment of such expensive sheet will involve a considerably high cost.
25 In addition, the aforesaid integrateg_ mcrocontact pin device is
attended with the problem of occurrence of interference between the

decodi ngs of signals transmitted through adjacent |ead patterns, that is,
interference bﬁ&h@gasﬁ,lti@eﬁhﬂtigw Sharlieet prskinighsinl dadcedot sinmsltaneduslyse to
each other with 6 MAY 200 no barrier interposed therebetween.

Mor eover , probingmaaytspotnis lmewarasgerdhe dapaeeserPatent Eaid Oped ar r anged to
probe the pads di sposed al on? each side of the rectangul ar sem conduct or

i nt egr at edApplieation No. 321476/ entifled ABrobeAssenabiy fenT asting I Ciscwitt act
pin device_for conducting a test, on a packaged m crom ni ature sem conduct or
i nt egr at edlbiS-dateng gppllfééﬁkﬁ)%@eﬁ e 8&%78874% pFBIS pieveassemRlY t o t hose

s O Tt o e
dﬁvi (r:]erwhac% %}? ge §égﬁég§€é .eséél I %/é}ghgq?eefe ac?ogeg_el:lgﬁit@‘%%ﬂgw-%st V\i/vi t h
15 b1 scL o RERE AT PRI TR Rl O Ty Bkl A At BE
accor di ng the dliélieétri@ﬁ%tlgag@r t&déﬁﬁ%@bbé%@ﬁ@ﬂnﬁkﬁﬁpi&)ﬂ Witduigh Adt hi gh

frequency transm ssion lihes for term nati (whic be reterred to as
"t er nmioat ispecifigiily desiribedy itAQ donsidered $tom the Reiteirnei"pedviding agpepére of
transmtting direct current formed therethrough. Contact pins are connected
at one enddectoicahimpeadanasf chdracteristietpdhdigrguné? thataheanetal gheétranglthecy
transm ssion |ines on one _side surface of the term nal support. According
to anot hemmulitpliniteaf metallie lead pasternomayacansiiyte seemstiip fransmission

lines, respectively, so that it is presumed that it may be possible to make

many pins simultaneously probe over a semiconductor integrated circuit with

15 the characteristics of the high frequency transmission lines maintained.

However, with such integrated microcontact pin device, due to the fine

pin pitch and the contact pins being extremely thin, the contact pins are likely
to wear out relatively fast and yet unevenly over the individual pins from
repeated use, so that it is required to replace the whole sheet on which the

20 multiplicity of lead patterns including the contact pins are formed. In such
event, since in the conventional integrated microcontact pin device as
disclosed in the aforesaid Japanese Patent Laid Open Application, the sheet
including the lead patterns is relatively large and relatively expensive,
replacement of such expensive sheet will involve a considerably high cost.

25 In addition, the aforesaid integrated microcontact pin device is attended
with the problem of occurrence of interference between the decodings of
signals transmitted through adjacent lead patterns, that is, interference

between the channels, because the lead patterns are close to each other with



25 bl ock is detachably attached to the term nal support on the other EMAe003
surface of the support. The transm ssion |line block has a plurality of high
frequency transm ssion lines for relay (which will be referred to as "rel ay
hi gh frequency transm ssion |ine" hereinafter) arranged in an array. One
ends of the rel ay 2 6 MAY 2003 high fyequency transnmission lines are
arrayed at the sane spacings between th& termnation high frequency

transm ssion lines and are connected to the other ends of the corresponding
term nati mmbhgﬁeﬁimg@@g@&tﬁerabm@ion | i nes. The spaci ngs between the
relay high frequency transmssion lines at their 5 other ends are broadened
to be |arger tMameover, Spacontgst pipsvare mrtdyedtiarorienat two rboivgranid auameged
transm ssion lines. According to still another enbodiment of this

i nvent i on, taprobeghaipads disposedtalong ieach iside of theofectangudarsemigondsctémat i on
hi gh frequency transmssion |ines are two-dinensionally distributed, and

t he transrﬁ%%r@ﬁedaplﬁéu@ ock is of a 10 three-dinensionally gradually

b denj fi ' . A ' h nbodi f thi
oroaden g Sor QUi aLL O ASEST NG, Lo YEL anoL R erbod TRt LTS

h h i f high f . A di h di
SR U R S RCARE S TS R NN A
hi el ded f1:0m: 3 ' ' ,
ohielied | ORERE KOV ol def Gl AR AASTHRIEY o b BIRLERASERE
m orocont act  PABCAINSE, GAES! SO ARAIdiisT0 HE VI nBtRRSSaBEREO

termnation hig transm ssion |1 nes ‘capa transmiting

direct curdévite WHitRinayBedhRde UskpeisivalyievenTE o' 1004 fidetpiAipifchodn hd hi n
substrate and stacking a plurality of the substrates one on another in an

obl i que nmesdddr ¢f01 SO Lum afob eixathple, sndhhs atlargsaembey of patd) a9id 4 heethod

substrates having the mcrocontact pins arranged thereon; 25 connecting one
ends of t hermeanofacturing spehsisfocdmattipinddericeubst r at e

Another object of this invention is to provide a microcontact pin device
which may be replaced easily and yet at a relatively low cost with another one,
and a method for manufacturing such microcontact pin device.

15
DISCLOSURE OF THE INVENTION

In the integrated microcontact pin device according to this invention, a
terminal support has a plurality of high frequency transmission lines for
termination (which will be referred to as "termination high frequency

20 transmission line" hereinafter) capable of transmitting direct current formed
therethrough. Contact pins are connected at one ends to one ends of the
corresponding termination high frequency transmission lines on one side
surface of the terminal support.

According to another embodiment of this invention, a transmission line

25 block is detachably attached to the terminal support on the other side surface
of the support. The transmission line block has a plurality of high frequency
transmission lines for relay (which will be referred to as "relay high frequency

transmission line" hereinafter) arranged in an array. One ends of the relay



assenbly to one ends of the corresponding term nation high frequen@p MAY 2003
transm ssion |lines; and dissolving and renoving the substrates of the

bui | d-up substrate 2 6 MAY 2003 _;;_ assenbly. BRI EF DESCRI PTI ON OF THE
DRAWNGS Fig. 1 illustrates one enbodiment of this invention, with Fig. 1 A
being a 5 cross-sectional view taken ongline | A-1A of Fig. 1B and Fig. 1B
being a bottomview of Fig. 1 A Figs. 2A-2E are cross-sectional views
corresponding to Fig. 1 Aand illustrate the steps of the nethod for

manuf act urhigh fréqudrRyrtrasimissipndiihesldrel dirdyed atithe anke gpacifgs BEteen

il lustrations showi ng the steps of bonding the aggregate of contact pins 18
to the terthenetmmapioorhighlfrequdtiay. transrhisgiondlines and aos sorredtednalthei ew
illustrating the manner in which the enbodinent of this invention is in
use; Fi gs.otBer smapfthe cogespariding temoimatigntthghSreqpeensy tramsmigsion bnes.nal
15 support_11 havi ng, coplanar transm ssion lines; Fi,g.. 6 |s a perspective
vi ew i | | usthespagingsbetvesn the xehay rgit§§§um¢y HarspySsiondmesdthelipport 11
having_m crostrip transmssion Lines; Fjg. .7 is a perspective view

T Lt Bat 1ok A BEPTARIEnES 1o Medaras dneh dhe FRAGRES RORVEFBI el on |1 ne
bl ock 61 i,s_co ineﬂig\s/ighh a inttergr at ed.201.rri crocontact pin device 31; Figs.
8A-8D are TFFF‘H}F} 1o QHBW% ﬂmsé% 18f5 maki ng a transmssion |ine

o ok, 81 1! R SRR s BRI ABOBBER ot i, Rl o
transm ssiQp ot il theKofth fFa pRITR! thedetthidhtfor RigtOfrRhGEncy transmission
lines are two-dimensionally distributed, and the transmission line block is of a
10 three-dimensionally gradually broadening configuration.

According to yet another embodiment of this invention, the relay high
frequency transmission lines are shielded from each other in terms of high
frequency.

According to yet another embodiment of this invention, the termination

15 high frequency transmission lines are shielded from each other in terms of
high frequency.

In another aspect, this invention provides a method for manufacturing an
integrated microcontact pin device comprising:

preparing a terminal support having termination high frequency

20 transmission lines capable of transmitting direct current formed therethrough;

arranging microcontact pins on .':; thin substrate and stacking a plurality

of the substrates one on another in an oblique manner to form a build-up
substrate assembly, each of the substrates having the microcontact pins
arranged thereon;

25 connecting one ends of the microcontact pins of the build-up substrate
assembly to one ends of the corresponding termination high frequency
transmission lines; and

dissolving and removing the substrates of the build-up substrate



25 mcrocontact pin device 3 |; Figs. 10A-10D are illustrations shg»@ Y%@i
steps of making another formof the transm ssion line block 61; an P%.

is a cross-sectional viewillustrating yet another enbodi nent of 2 s MaY
2003 -6 this invention in which a transm ssion line block is conbined with
a integrated mcrocontact pin device. DETAI LED DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS 5 Fig. 1 illustrates one entyodi ment of the i ntegrated

m crocontact pin device according to this invention. The term nal support
11 in thiSaﬁ%ﬁﬂﬂye conprises a rectangul ar substrate 12 having a plurality
of high frequency transm ssion lines 13 for termnation fornmed therethrough
and arrayed in the formof a matrix. Each 10 of the high frequency

transm ssion lines 13 for termnation is designed to pass direct current

t her et hr ouBRIEFNDESCREIRRIDN (DFITHEEMWW@& erm nation high frequency
transmssion line 13 is configured as a coaxial transm ssion |line, and the
substrate 12 ikigrdddustrates anecembpduneyt ebiius taversiomtwithdiigsldnbeisgrtet al .
The substrate 12 has through-bores 14 faorned_t herethrough, ip each 15 of

whi ch @ ceffosgisesBaplcyiew ‘%kenm be@ilxﬁedﬁapgﬁgg-tlﬁ %@#}&lmagﬁmgo@ t he
through-boBe 14..A“8aP betwgpn the central conductor 15 and the inner

peri pher al PQEPTMEVRPL 1 A ough-bore 14 is filled with a dielectric |ayer

16 to conpl et ceaxhal transm ssion:likne 13 having. the sondquctijye
substrate 12 ks Pan2Bart (ROST A e ifSs oot Rinding @ B A BRI of (e
termnal s i are t t he
correspon |§§B%’trt]%ﬂ%f stf[é ﬁgto? gllrl%ﬂiné;ﬁ?é?o% ﬁﬁ%ﬁ@%@%ﬁg‘@&lﬁﬁgﬁw%k 13
to pass dip%c_tl.current. In this exanple, the one ends of the contact pins
18 are connetctéd to one ends of the corresponding central conductors 15. It
i's prefcer abl e Fipat 3ANSF GRS iRGStrati ohslshARirp R depd bl bopldingttcag@epats to
the central conductor 15. Specifically, the angle 8 of the contact pin 18
rel ative tof tdretabbpinsol8 o the wamiddl suppart ¢l dndlipy 1lpe 30 to 60 when the
central conductor 15 is oriented to extend perpendicularly to the

hori zont al pl dfig. #ds a crdss-sketYoraloview ithistrating thetmanger in wihieke thet
appropriate positions_such as four corners as shown with |ocating holes 22
for nount i @@ dlraepbpf&nﬁam@tmraﬂnlﬂ@; exanpl e for connection with a

| nes 13 nay DR SRS 4 Tpsiatings ShOWIn tursERe Q5 AUEknera LOVRRA]  10°S to
l= 10Q: ' al. ' Th b 12 h

tz ﬁivilk)ﬁlestssl%;@%?ﬁiéﬁﬁ##ﬁ@f@%ﬁﬁ%ﬁl&ﬂ@%@% of t rﬁesiéﬁi act pins 16 my

Checontact  pi LS ey PRePERATE By dllui R ihe iy GEp e HofRss RF BiltE 2

i npedance @terihital St eﬁtll19Haﬂhghnidr9§aﬂ51ﬁﬁn§ﬁﬁémmﬁ1e§p lines 13 may be SO
S2, for exanple such that it natches with the characteristic inpedance of

t he connect i onFig. Meistzoperspestivevikwiilusiratieg natedbodiment of ¢ imgertipar at us
to which the transmssion lines 13 are to be connected. For the coaxial

t ransmi ssi snwhiclea transneissioncline bkackc61 npedmbined Svitle pdntegrated: he i nner

di ameter of ,the outer conductor, the outer dianeter of the central

condu@br Bneraoeatasmintdevies3df the diel ectric between them

Al ternatively,_an electrical insulating material such,as ceram cs may be
y Figs. %A—%b are 11{uystrat10ns S ov%ng the steps o makmg a transmlssmny

line block 61 having coplanar transmission lines;
Fig. 9 is a cross-sectional view illustrating another embodiment of this
invention in which a transmission line block 61 is combined with a integrated
25 microcontact pin device 31;
Figs. 10A-10D are illustrations showing the steps of making another
form of the transmission line block 61; and

Fig. 11 is a cross-sectional view illustrating yet another embodiment of



used to formthe substrate 12 and the inner peripheral surfaces of pHlgaypy 2003
t hroughbores 14 may be netallized by vapor depositing netal thereon'to
tshereby form 20 outer conductors for coaxial transm ssion |ines.

Enbodi ments of the method for manufacturing the m crocontact pin device

wi |l now be described with reference t%}_Fi g. 2. The substrate 12 may be
made of netallic material such as Al, , bronze or the like or a
conductive material conposed of a silicon base plate 25 injected with

i npuri ti eshisiakemtsotdn evhichadresrhizsivadling blogk iscedrabiridd withha bor es 14 as
by phot oetching process at |ocations where term nation high frequency
transm ssintegrated micdocomtatopiredévdcerd, as shown in Fig. 2A. It is to be
noted that the cross-sections in Fig. 2 correspond to that in Fig. 1 A 2
6 MAY Z003 _g_ During this step, although not shown in Fig. 2, the |ocating

glcj)lbgtsr gfeﬁsﬁiﬁi‘r«gﬁ ﬁggﬁglmﬁ’ &ﬁ%ﬁ%ﬁéﬁ{gﬁﬁah%m&ﬁgugh bores

14 with 5 10 Laye 16 of dielectri.c suc s.Si 02,, f.or.exanpl e, by CVD
(cheni gal vap ,lé/.dtf)\g%qt{qt%?n% Ieg@ggisl{nqng |q?éﬁ%antﬁﬁr%tsfirﬁl}¥§°egﬁaF5nyaper tures
24 througtaﬁt he dielectric I.ay}ﬁrs concentric with the through-bores 14 as by
phot oet chi alc&%qgé)g g, gﬁ) Vqrﬁlqﬂ'g. 2C. Then, the central apertures 24

are filled w . i v, iting with
gold or coppetlfhe;tgﬂéﬁg&\}nsglﬁﬁgﬁcigﬁéB‘.}Q&Q %gﬁ;r%gﬁo\% @%ese%g%é%ﬁ%gaient ral
conduct or Lt . : ; ' rting
conduct o SubSrk 2 eI pIARIEPBE b heARCNBY bt aphathdind pyer | g

gl ass. |t tesmirAtion forRRAMRIGRIGIET ah alralyed ihah8ifoah SWRMFix11 BaehFi 9. 1
may be constructed. An aggregate of contaCt pins may be made as follows: As
shown1®n lefghe higlkR fredfiensy tiamnsssiohrliries P forsterminedonvis designedtaipasy of
equal | y spaced parallel positioning grooves 26. The pitch D3 of the

posi ti oni whregt currest Heerethrongh. edndhe exanpde pllustnated, tie temminateombiglpi ns
18. The width W1 of the substrate 25 is approximately equal to the |ength
L 1 of thdreguengyttransmission line 134siconfigured g8 8csnaxialdransmissioneling) v

T BBl o ok Sl ) S5 L 5
"ol HEBTLRTHE el o B S B s SRR AL
(e 98125l ohnPeckbal SofREAPLS L oo 4TGes AISHE IS CoBISKAE Y Ker 11 e
filamentst RboRP4Ph ggP(B&ﬁfe%_rtﬁe cBhtraN¥oRdN&br 8 4Pl itmeer i al  of

about 20 to 30Cumin diane which is electrically conductive as well as
hard and yeriphesal surfice o6Hthey theough-buek d 4t isdilied vt aplieleciic koyrtlibaoed i n
the positioning grooves 26 in place, a thin retaining film 27 of

el ect ri caldomplese b @oarial trarsmiabionulane 43 }ﬁv(iﬂgmhqcbngucﬁvessmmraledﬁ g
formed on the substrate 25 as by CVD process, as shown in Fig. 3C. The

cont act pifngcnenanseanmt@rlcenduﬂm.i n place as they are enbedded between the

substrate 25 d the,retaining film27. plurality of the supstrates 25
havi ngOt hus a%S'Il 9n3|sad§/sw£e%ﬁfafee tgryal sUBPeE tld; ﬁeatqqm%igme@? cked

f’gﬂg{‘ Cud foPnpold fone spd dthe FRueHRcaRae e Biiﬁ%ﬂeﬁiﬁﬁgﬁﬁ@?ﬁ Nk
adnesi ve. iTEaTRY SRRNIRART MBS I3 Vot Biet Sullesty o T ARG, 20 1
28, as Soh L etheRndBEpMisSPE AREUBNed 0 b BRNGRISF i det er ni ned such

t hat when urft-up asse y 1s orren orizontally, the angle 8

formed by dd}?es@%@gp%c%ga éénaﬁ<§t6r§ ﬁ§Pe(H is SrefSRAbIO A IRE %bntao’ﬁ@gn dgfi nes

a predeterm ne to 60 ). The next step is to flatten t upper

and | gger guehdobliqakly Batibrddpectio tfsesHlal &&d@ﬁ:t@ylsrﬁcls;tpabmaﬁ@,ahetp
expose the opposite ernds of the contact 15 pins 18 as contact faces |ying
in the sammgle@nef thrscattaenpim] §irglatis® tolthe torizorrgaplanet eyt ch of the
positioning grooves 26, the thickness of the substrates 25, the depth of

t he gr oovgwefrabiybe 36°ttoi Ghehendhe tdeatnab cendictprflil issor2dhteddo pixtersk| ect ed
such that the pitches in the colum direction and the row direction of the
cont act pipgrpesdisulan)edoithe homgontad plenedOde with the pitches



20 in the colum direction and the row direction, respectively of th?5 MAY 2003
central conductors 15 of the coaxial transm ssion |lines 13 supported~in thg
t-erm nal support 11. Then, the built-up assenbly 28 (FIG 3E) having its
upper and | ower surfaces flattened and the term nal support 11 (FIG 2D)
are bonded together 25 as by heat wel di_Zg or soldering wth the end faces
of the contact pins 18 and the associated end faces of the central
conductors 15 in abutnent with each other, as shown in Fig. 3F.

Subsequent | y, THieshssité ADds f@hmed dt hpprapaifat positidnd secheds foue eoraetscal |y

di ssolved and renpved. In this regard, the central Z 6 MAY 203 -10 5 10
conduct or sasishovay with icvatieg lndlea 22ebe maintsng bo aperforthartoerbgard] fof wi t h
gold which is insusceptible to chem cal reaction, and the substrates 25 and
t he ret ai raxampliel fiox cPAnectéon svitlve destomappaiiusas by chenical etching by

usi ng chem cal_resol vents which are capable of disso]ving themseparately.
If required, tlfe nembenal tempipstiontighdyequencydkansmission Baes 3 ragxrbeal
which will prqtect the support agai nst chem cal attack prjor to dissolving
away tRe dJuBst¢allylargs su6h asten the; erider 9 SeVeR 19 tor seviesak EDQs X se¥&rak ood

L ough t HES B E%%gﬁ@{)'%? er élaﬂ(:%}ﬂosiﬁrﬁ]‘églﬁhﬁgx e g hisiuesad) of IBHaBe tor s
(subst r ot anEspEFins Gllehy UM LalfaBLARS, Rt b RO IS inbtcen
mterial | (denRaogE HertblosE ok 43 HRT VROR0 A At WO RAECRREFS Bl e, 1)

in the enbpyidey Iﬂqﬁqgﬁg@d%ypove, an electrically insulating nmaterial such

as ceram cs nay be use ormthe substrate 12. In that case,
subseqpent | y tFhd efdfadteristie infsedsmitedthe tédnamtivhoiph frefiéncy?2A  the inner
peri pheral surfaces of the through-bores 14 may be netal lized by vapor
deposi t i ngrgedmiissior liged 1 Benap e (Y, dof example sucle diatut reatchSOwath thieown i n
Fig. 2E followed by form ng the central conductors 15 and dielectric
| ayers 16 chiara¢teristie impedance ofithe oosnodiay linhdo pr sameivonductomintegratesl t hose
descri bed hereinbefore with reference to Figs.. 2B-.2D.  As shoygn in Fig. 4,
with | ocatqlffﬁllbter%lnﬁ:ﬁﬁﬂaé?@@ttpﬁ@hﬂﬁiﬁeér@%ﬂléﬁloﬁ@%@%1:%§§¢ H Pger f or mance
uit .te ar.at us, fitted

board 32 of a senjcopdugtor integrated cirec. ting a

"nto the GHTESHShai AT ssedHigt Hanumission finen ihe ShamististGimmnedancesnd
with the ¢ i al S SSi ' ' ' '

tr ansissi S Pl AEEE Bfingler BT abe ch EYRBICLRE o6 Phven GRMEREY of .
per f or man [ I g\,ﬁﬁgﬂﬁm j ' ccordi ng
to this i%g%&%%li%énggg@\;a y gj%;%ﬁg to t e%gg?%egg%ﬁggwgglé%@z 2 6
MAY 2003 - 11 TRRbhiMively candleeteealty itsulin@wigteriaDesciohs thRamRRIALY bei ns
18 of the integrated microcontact pin device 31 in contact with the

cor r espondusedl teaften| tHeesubistees )| 23 dthesinsierperiphierdl surfaces ofahe thiwugtsi t 35
to be tested. It should be noted here that the pads (el ectrodes) 36 include
el ect r odesbares 13 mapyl be metaltizoddy, vapercdepotiting anetabtharean to dherebygfonms
(transmtting), and probing (receiving) electrodes. The arrangenent is such
that 20e cOHRT spndyplors kenceaxinbtragsmassien dmesper f or mance board 32 and the

Lhei r char act GARbOCEMEARLHEHCIOON Lor TATBGMERHE O TIUROORBSL B act pi ns
cat i of act Ve PTTRGHES bRl BadRiientedoile 2 gnal <"l ot he pads 36
0.t he. por for ot uBHERR T aytay it 'S ARrdic AN YEA B B ol os 54
whi ch 1 s i"tgxgi?ﬁ%tcﬁdth\é‘ lil{begpgtgo;hﬂﬁgﬂ(rerrﬂﬁe?ﬁ'f'hé d%ieﬂ%f]agsﬂ‘fébﬁrbﬂs% nﬁltﬁ}]eave

bi as appl I'S connec transmssionline pattern 3

per f onmaNnCig; Qe Witk imffliritfeCORN & bodoE ahﬂ%@f&?ﬁéd’%’;ﬂ BREuRF ShRSIRHRY ed

for the termnation high frequency transmssion lines in the enbodiment

descri bed sdegel4 a$ byphotdetebinmpessdssed lbtadiomnwherdtdrmingtdonthigh
transm ssion line which is capable of transmitting high frequency signals

as wel | asfrBquengyalansmiysiba liresdl 3 are to be formed, as shown in Fig. 2A.  1Itis

to be noted that the cross-sections in Fig. 2 correspond to that in Fig. 1A.



20 By way of exanple, coplanar transm ssion |ines nmay be enployed. In that
i nstance, as shown in Fig. 5A, wide ground | eads 42 and narrow si gnall b 8482003
43 are alternately formed on a dielectric substrate 41 such as Si 3N4
substrate, ceram c substrate or glass substrate as by patterning onto
copper foil or gold foil, for exanple §g9h t hat each one of the signal

| eads 43 and two ground 25 | eads 42 adjacent thereto on its opposite sides
cooperate to forma coplanar transm ssion line 44. Then, a dielectric |ayer
45 i s fori2dring thisestep,malthoughengasiaiwein Eopl Zrtae lbcaviisgrheidsdll bt seesn & by
depositing Si 02 thereon by chem cal vapor deposition or vapor deposition
process, flig. ¢Bampyde ecomtuorentlyzfaamagdtizough the substratdi el ectric | ayer 45,
coplanar transnission lines 44 are simlarly formed. The steps of form ng

alternately cdpieanent steprasihosynin FigeB 48 tadull dhe throughcborggddswith ar e
e T AT i SRS Bl i
Por § 2omit aliSPOSHIPRIGIOLESH RoTIPREaHY IRraPRy aRtTa AEETAEPIET IS, ¢ ches
e DR A L R R S SR O P

[ ansvor sHyoate enanpRRUEFE 3G, THEnoffS) ol SpRL e SpRERAEE

in broken dal i ! I | : ] HE&O s 11
havi ng copﬁég%? C’P ir:igﬁ%t%rssgl@ogﬁ %ﬁﬁél? %4@%;? ﬁ@%ﬁ%ﬁ’%’ﬁ“ﬁgg}]@ﬁ Sg n(’:)lé/lg
transm ssishown ieFigd. 2DF AltéBativedy, ehilsatdifg ideafral cuh@uctops 1S9atheng to
Fig. 1 Abut 15 illustrating the térm nal support 11 having term nation
copl amar toemnabiapsitares 24 ety belkffecta] by indarkinguhstallic édabnanihtd ghar e
formed on the |ower and upper portions of the build-up assenbly,

respect i velperagey anddgrinetically ssalingdhem| withtglags.holtds thas tmbebe forned in
the term nal support 11 prior, to or subsequently to cutting the assenbly.

It is to WPpappiatas tasdhe terminpbsuppgit dddndagefl may he epnsructedis 42 bet ween

t he adjacent cpplanar transm ssion |ines 44 as vi din the direction of
the array of asarq@éﬂg?wn% PR ERY IP%HW&dS%%S g‘ﬁf‘f‘i"%ﬁ em §hc’r"‘§@lﬁ‘%§ég°
interfere bet wee h j:acent gopl.anan fnansm ssi l.ines .44, 1Jf there
o any pociuf Bufsistiafs 2518 et SRR DU R RS R edp i

t ranspkssi i Ln: i 0Q: ‘ i : j ng of
t he cg§| anar ldtlar)a%é?gﬁgﬁ\qf\é\ggh%ﬁltkﬁq#Sﬁgibggggnéﬁgggpg%g%gs'}%| on lines
44 may be et el tid bﬁ&ﬁ@@'o‘f thé anié@p?x‘i’d‘f&CUtI'HéewﬁjdlﬂWItbf thed SRi@tds
havi ng a groundi ng conductor |ayer 477interposed therebetwen, as

f ragment ar13 is sprogimatdty @qualto the?lemghh . 1260the déhtatt pinzal8.vel Yhe
mcrostrip transmssion lines may be used as termnation high frequency

t r ansni ssipositionmgl@rooves 2tearequredéraiviyn Vi-shaped grpaveseand maly ueggsolyt 11 in
that instapce wll be described with reference to Fig. 6. Like the instance
in whi ch tiermedaey using g pilicongerystal hoasd far the substrate 253l utilizingwt i t ut ed

by coplanar transm ssjon lines, a ground_.layer, 48 co i sing a conductor
Iayeers RatiaAmgmetopd Pudihe ardsEeRRo the s owwa'%if deposi tion of

48 by VSLO?"LS%%}T%@@I?%B\?A & Berip. é?éﬁ&cﬁ%i%ﬁ&filgﬁ%%a«%ﬁ‘a% Eﬁ@%f HE ayer 40
tephed . i EREECHE | aye

10 const it el s AEACkb Bl AR T ARG MRS, el cc e

ayer a0, GRFT0 ust R A RER e AIRERS (WhAKRL S BIEry IS ddlgiptated ©

. : , U _
successi Vefibandétoli§ REAsS fesilibht nfétﬁ’l?i%' ﬁﬁ%%ﬁk sticH Fhs?ﬂ)lﬁ?g&gby bPdnA Wi

| ayers, mcrostrip transmssion lines and dielectri rs i s obtained.
Subseggentdyany Bilfertiitabis masHaIBF ¥baay20 o BO @i in diahiéteKAgnsless DI
transversely of the length of the signal transmssion lines 44 to obtain a
plurality eléctrivatiynedndugiper aswell dmkambamd geprdsiligntt r dnsoides tohold thes 52
as termnation high frequency transm ssion lines 13. In alternative

enmbodi nententpol winsi epositionedyinithe yxsitiominggnoovke 26i il place) athinyer in
Figs. 5 and 6, . to which a conductor, foil,K such as copper foil 20_.is applied.
Then, the tE&aidieg Sy 37 IOfrﬁiglCtbl@aHb’d@éBbél@gtmanﬂ&hS(EJ@BI asn2iO2 Ak ssi on
line 44 or signal transmission |lines 51, or nay be nmade a ground | ayer

Wi t hout processing. Such coplanar transm ssion lines or signal transm ssion
| ines and ground | ayers are then stacked one on anot her and heat wel ded
together to prepare a build-up assenbly as shown in Fig. 5A or Fig. 6. 25
In order to facilitate the connection between the integrated m crocontact
pi n devi ce descri bed above and a performance board as well as to nmaintain

o . Y T ) - o v



2 6 P~I AY 2003 -14 shown in Fig. 7, for exanple, a transmssion |ine zlﬁq@m 2003
61 is detachably attached to the side of the integrated m crocontact pin
device 31 opposite fromthe contact pins 18 which are distributed in a

t wo- di nensi onal array. The transm ssion line block 61 has di sposed therein
high frequency 5 transm ssion lines 62 for relay one ends of which are
connected to the corresponding term nation high frequency transm ssion
lines 13 of the integrated m crocontact pin device 31 and the other ends of
whi ch |ie fonmicdeoretite fissstratd 28 a3fbyt O DIprokess] asghosirt m FigoBi@.heThet egr at ed
m crocontact pin device 31. The high frequency transm ssion |lines 62 for
rel ay are comtactgsins 1@ arechus hetnindcinsplace agsheyp ave embeldded djetwenn thenes
increase gradually as the lines extend away fromthe integrated

ni cr ocont aitbspiate éé\andéhsretammg filve 29paci ngs between the adjacent rel ay

hi gh frequency, trangm ssjion |jnes 62 at the end face 61 g of the blqgck 61
becone about ¥ PlVFAEY &F thgﬁgbsta%teﬁ%géa\aﬂgtthasa vEAlity of f@ntaRtdPiRgjl ni ng
the termnal .support 11, while the 15 chgracteristjc inpedances.arge

mai nt aPned" eEl"HP?@ rtﬁ@rg@grargﬂacéqedtq{éopg éﬁgﬁ?%'sﬁuﬁh tﬁﬁ%&?&}’g{e susCesfiVelon, t he
relay high_fregugncy txansm ssjipn lines 62 are capable.of.4ransptting DC
Conal o astoeseatie QARG DR BheithiRaly of e ERRARLBIRLLS PBR g
frequency ] SSi i . L ek d St Ao 0 Next,
tho et hod SULISRRUER AR sHOE AN IBPOL BRI O P G B oo or bea.
I n one ex ~_§@c¥:/8'~i : i 'v%ér{' f
ceramcs, %&ﬁg;((gérrg?e aﬁ%éggﬁgegﬁgr@grﬁgl&cfgbgﬂnd t {eh%o%dégéﬁtg&%éﬁgé‘? si de
is first pﬂo@ﬂﬁéwiltlfotﬁasss@ﬁﬁlyaz_se a83hBam IMFRar3D. ”‘I!l'iétdi@glaicéﬁﬁerﬁ4 formed as
extensi ons fromthe opposite sides of the shorter side 63 a. A nultiplicity
25 of 1¢opl distanceR44sderatintd sash Ghathalien ghe baileugsadsgimtdy a9 otieatedor t er
side 63a and the other ends lying on the |onger side 63b are forned of

met al suctherizantplyr thegangled forimeed bireheconteet pine 1 Buwwithresprct thehsubst rat e
63 as by photoetching or thick-filmprinting process. Specifically, w de

ground | edaerizomtabphame defrzes a pratesenminedavaloe (304040 Teads 65b are
alternately arranged such th each one of the signal. | eads, 65b.and two

gr ound Iea)(;s gﬂ]‘%@éﬁtlstt%%eﬂ ﬁqﬁ@r@ﬁﬂgmeé'g%‘?%s@géb‘éi’é‘ﬂ]&% form a
copl anar transm,ssyon lLine G5..The nunber of the copl.anar ,transmnm SsSi

ee a5 | ASRRRS 0 by Bachinind S A TR Skphbe LS opREsiRGgs PRERTRIREEN, .
m cr ogent i j I C I i i 8 in
oy iond s I8 e E £ a8 Flodf 191l IGERHIBIARE, dstflovi LEFl. M0 &€ P
made equal rel@rd Nk Cpaicﬂ Bﬁpfeogéﬁﬁbnpﬁgrd&e%' 26\Ght IRickpleSdBr (1 stilbiMates
direction. e 'spaci ngs of the cop r transm ssion lines 65 at the other
ends, that2§ sthealepthofehdgroovéd26 laadabe thickaess obting eethirind dilhéy 2 ate say

about 10 times as large as those on the shorter side 63 a (although not
shown to spre-selectedrsuoctthat thespitohes etheoenieniredirection dndvthegpw | n t hat
case, the width of the signal |eads 65b is nade constant while at the sane
time the sgizectior ofshosentasspinsh8 asrayedansa madrixicoaneidesyithtbie pishgs ound
| eads 65a on_ the opposjte.sides are al §0o nmgde constant.  in order tq ensure
that 2% 18 BeHQlumn agﬁpﬁonrﬂﬁédgﬁd@% lrﬁﬁ'éoeo{ﬂmﬁﬁter%lb’anst%ﬁscﬁf’éW lines 65

i s maintained, sybstaptial |y constant. .Cansegquen ,_each,of th r.ound

| cads 654 SOIGH ha@Ethe FoBR SRmsIFPTALeS |3 SuRaded T the FuRal o
si de 63a tqrarq%lihe | onger side 63b. If desired, however, as

r epr esent at R,pﬁy hown in broken Iines at one location in Fig. 8A, each

ground | ead 657, GEUHRANRIANH d6craBIy2 8 RFEGE BE) IBQinB IS bl ahd 1Bl eiom

m dpoi nt bet ween tThe opposite ends e gro roadens

i dth- w seqqgadds A8ABSedhAd the tariial Eﬁgﬁﬁ& B GG IDF AUr@BohdedBoditBbn t he

wi dt h of t%e groun ectively constant. In”addition, ereas the

short &5 si geboheat weldhiie of s6Riedite withethlesiabfaces @F thdRohfactpils 48 aidcuat e

curve which is concave with respect to the shorter side 63 a 25 so as to
make all tthe axaptined endafases sfitlascentralscéddwetoes 15 i pbutmesnwtith edeince in
the signal propagation tinme. As required, a |ayer 67 of conductor such as
copper is oOtherpas shhowndndfigeBFsi dsulssequantlygthe bebstrates 2atandothergtaiapmyg

deposition,_ for exanple as 2 6 MAY 2003 .
films 27 are chemically dissolved and removed. In this regard, the central



-16 shown in Fig. 8B. Then, a nultiplicity of the thus obtained substra may 2003
63 havi ng many coplanar transm ssion |ines 65 forned thereon are

successi vel y stacked one after another and bonded together with their
shorter sides 63 a in contact with each other and with the | onger sides 63b
abutting against each 5 other with spaggys 68 of ceramcs or glass, for
exanpl e i nterposed between the adjacent 1onger sides, as shown in Fig. 8C
The bondi ng may be effected by the use of organi c adhesives such as

epoxy- basmnducmlbﬂiSHmdﬁ-Hwﬁﬂmmbﬂmé@inaieriﬂ swéteas spadector platbdwinth a | ow
dielectric constant such as ceram cs or glass are interposed, the bonding
may be ef fgndd avhioh ibdasusaaptible torcwesnice] reftotion, hd thagubsiratesaXd amdthe
built-up substrates 63 _on the side where they have been directly, (W thout
spacers) Betidaing blyes Bdrararemovgdisepatptely anbywwhemiraketchmg by a6ii8 et e a
transm ssion |, bl ock 61.. ,The nunber, of. ;{.he substrates 63 to be_.stacked
s made equemical tesalvents pihich are sepable ({IQSQ;VIQ&@“QYE'[SEBW&%@U- mlEr ocont act
pi n deyice 31.along the.rqw 15 (.o, col um) direction of th i rr.ay and
Phe i Bon Teatirad Bigetmina Subpof T oty BF sk Sibiredist teBaCu i ace
61b al ong iLrechion of acking of. t bstrates,.63.is al to
Chat “or ¢ RUIEBHEEhE e Bos S Sheinich B ar B R i v ie B ey T
ot her wor t4y I i1adi A5 dugl ; r ' sel ected
such t hat tbﬁfsrgfraegqjtﬁ %@mﬁ?ré}élrﬁngg .ﬂlgﬁ 2I"7h'e Fhﬁ?&ﬁ%@%ﬁog@ {thr%%ms% ssion

i ne bl oc ! ; NSO ri{; ﬁlﬁ]%#%% ;i NS
71 are palsilslgb#r?%rd (?tlgﬁbte ﬁg (t)@g% ?Eglctﬁgses 69n ?‘gmn%di tl'#’%tug t he m%gﬁtﬂ ﬁ]g
tabs 64 ofproaess. ofPﬁeIf@fa%hﬁ,qhe@nﬁu{fa&w af eife Bentodl cRhanensi s ars pesjecteder eof
and the aligned locating holes 22 (Fig. 1 ) of the term nal support 11 to
al i gn16he slightrbeywmhtte planbloftke 6arnainal 2appine Itle¢substrates LR)phr ordet: tai t h
each other, as shown in Fig. 7 so as to insure that the termnation high

f r equency facHitate and sure pesitive bhondihg betweenshe septrat conduetods 1 hand

correspondj ng rel ay hi %:1 frequency transm ssion lines 62 of the block 61
are broughheicontacd®nd®: and connection with each other. In an Z 6 MAY

i ;§7i " condbileand c%?)eﬁ%@t}fr' %%&%Tgxécgg& ' sglip@?rafé%rl‘ﬁﬁ_%ftﬁ%ﬁ;ﬁkfy"
For  connedt oM ANERAPEHLT i i SEERARbEntaioid BPOTGH ftclyichipf o ©

conneggor : i %sm i i

t her e? ?omlagrgfa{ﬁlqéén g%zlnaggp gpé‘%l%?%ﬂ} tgg %ée§%g$%ﬁ%g%€?g?%@t§q e"? gchabl y
attached whhhcidee s{lﬁﬁflue‘i‘ﬂlypﬂd‘ﬁorﬁﬁng‘%ﬁé%ddg}ﬁﬁgfkstWaé QReWN @ gl oA 22 of
the termnal support 11 to"align and connect” t he associ ated hi gh™requency
transm ssithe ihheegenipli¢radsatfaothof thd thrmh%h-mﬂesnmrmayédeemadlﬁted fiys
arrangenment facilitates the replacenent of the 10 integrated m crocontact

pi n devi cevapbr depoaiting geldar theelike therdondo fprmdomtengondpttoma29tasansni ssi on
lines 65 as relay_hi transm ssion line 62, as shown in Fig.

h frequenc
10A, gr ourfoveEn ng.?aﬁa,gfqim«:tééyiﬂmgﬂm certzal condnatgrytdends nay be
formed on ubstrate 63 in a pattern simlar to th shown_in Fjg, 8A and
a et &P |§sfeqtr§cil@f%d6o\zféﬁhmﬁée QUi S0 auetam % b he receIres SiAilah! ch
t he grooves .are f.orned ol l.o by flattening, apd griding that surface to
provi de aﬁ‘Petﬁﬁé? ﬂﬁ@@%ﬁ&@%ﬁ%@’rgé’vﬁhg r??cg‘%%ﬂ 19}%%3@%@ in the groves.
The subsequent Sl ng: ey i QUtqA -he.. n S
descri bed ber b8 R RIREE 2 Wil Rl b WG RE TR O8RRET . e
relay hig SIS y : is i : 4 SSi on
| Tnoe i [IPIGEESHER PeririRgbeTiond 42 BER BrmigopSaiRi 1ffegiaRY Grodit MRS
rect angul %pgﬁl’r@fﬁé%@@h%cﬂhecdl{rf&ﬁéﬁﬂm%ﬂ)da@i PRs2 Bithetdlhigdl the
cross-section of a square coaxial "transmssion |ine are fornmed I n one side
surfagg ofsuppoib$l aadewtth the cdaRadltiednbniRsidn Khed 18 (sasinadsntidpheen the
adj acent grooves gradually broaden, the inner surfaces of the 25 grooves 75
are net al | frequengyt tragsindssion dimep¥ cotwedted with ceax it rigpe tlorouigheholes| Ibired by
filling the grooves 75 with dielectric material 77 such as Si02 by vapor
deposi t i ortheparfiormancenboaitd 3ritedntegraed mid¢rocontacpintdeviteB et ri c
material 77 in_each of the grooves 75 along the central axis thereof _as by
2 6 MAY 208cardmgta tis Hyventigmin weaeyably ssevradsto thepeifgrmanee bparddai r aj
conductors 78 are shown in broken lines for easy viewing. Anultiplicity of
the thus constructed substrates 63 having longitudinally split rectangul ar
coaxial transm ssion line halves forned thereon are prepared, and the
substrates 63 5 are joined together in pairs with their surfaces having the
grooves 75 formed therein bonded with each other as shown in Fig. 1 OD such
that each pair of the longitudinally split rectangul ar halves of a square

o e o o o o, v . o e




nore closely at the other ends. A nultiplicity of the thus nmated substrate
assenbl ies 81 are stacked one on another with their one ends in contzétMAY 2003
wi th each other and the other ends are stacked one after another and bonded
together with their one ends in contact with each other and with the other
ends 15 abutting agai nst each ot her vvi_tlri_spacers i nt er posed t herebet ween,

| i ke the manner shown in Fig. 8C. Then, the end faces of the built-up
substrates 81 on the side where they have been directly (w thout spacers)

bonded t odwistiag igicentihatcdenttl the baitéhendmoftic cdinuet pinsAifjof e t o conpl ete
a transmssionline block 61. It will be understood that round coaxi al

t r ansni ssiimtegrated micrgcheta2Opirodstice Stleith ¢contatewithrthercostespoadingpadst
descri bed above in connection with the coaxial transm ssion |ine square in
cr oss- secieleatrodas psG oher serhiconduiciordingegratidheincyit Bietorted tegted. ghltf r equency
transm ssion |jne 62 nay |ikew se be construgted by a mcrostrip

t r ansmi ssisBauld he noted hewesthahthepads (elee Jfoincindmplecttodgs 0T be readily
one. o1 8. SBPIIaE OF Babyeeands B AP sk FEnel A mUTT RN the
67 be 1 or REGPEE GotTRIAG) SREE0UR-t nEhb ARSI da PeR DOyrhEFRORTAICt r af bo.
1? ?éq ueﬁcg %%{Hﬁ%@g—%%%@%ﬂ@%l I%/ qﬁ@@%ﬁgfﬁ@&% gﬁg gﬁ? %%‘iﬁt@ﬁr}gggg ndi ng

tr ansm serSauense o SioR B 1S HEBRRCYRARACH LD By AP cltea Mistie 1

devi ce 31; t h o T I H - } i i 11, the
end face Elsrf (C)lfgﬁt e t?E{r?g?n’hg?frgéﬁﬁ?‘?ﬁgV‘S‘?}gglﬁé%?ﬁ%ﬁﬁggsfggwglrﬁ%E'ﬁr}rﬁt egr at ed

m cr ocont ahbridiefgtievt aBodtl) et B9 Wt Prdvided forsatisfemerilarahsmitting t he end
face 61 a of the transm ssion |line block 61 on the side of the integrated

m cr ocont &tgh peloaltywtestinglsignaletotthe ipads Gibrand satigfectood yararsnittang high i nt o
opposing contact with the flattened end face 61 a so that the relay high

f r equency velegighsignalmfromn e padsdé baskrtedhe performancedmnrdd%d Thatt r odes.

{1 cauency ane el e dhominbolts 1hBHich i ransesion ARl GHG0R. may
make tho. S0eFanIact pits  BaTbichoR P et Baplifd ReRE BB corated
e b R e A K
The associ al ed. P Enc e YR e O o Y

f r equency HighFedguthicytranstgissioh BhéaiiDthd mbodiaehtdesirivel alvdveat as shown
in Figs. 8A  10A and 10D. Moreover, while the contact pins 18 are

i1l ustrat shoakd beiunglepitobdubhyary bsdraypetdfayansmyisbroline wlidhds capable
contact the pads (el ectrodes) of a sem conductor integrated circuit to be
tested pergfdratistuittingihighdresuencyssigaalistasonell asgdCamgnalsanayrbe usednsni ssi on
line block 61 may be ultrasonically vibrated in mcronotions _to_cause the
mi cr 0d8nt &Y Wiyhef example.gaplanan tiansmission Hags smybe gmplpyednddathat

| 20° Chor caRSEBRe: AR AIE 181 >fedider obhe 1H AR U SgnBLERgRn ¢ ho
el ect odes 36 ANLLIEICOALACk B %k OLuGARkE T ERATETSER, Tbsbtie,
* ceramic substrate or glass substrate as by patterning onto copper foil or gold
foil, for example such that each one of the signal leads 43 and two ground
25 leads 42 adjacent thereto on its opposite sides cooperate to form a coplanar
transmission line 44. Then, a dielectric layer 45 is formed on these multiple
parallel coplanar transmission lines 44 by depositing SiO, thereon by

chemical vapor deposition or vapor deposition process, for example, and on



whi ch may be conducted fromthe el ectrodes 3 6 of a sem conduct or 26M
integrated 5 circuit being tested to the transm ssion |ine block 61%t'hr
t-he m crocontact pins 18 or by radiation. (c) A nonitor camera nay be
installed on a side of the transm ssion |line block 61 or at any ot her
appropriate location to identify a marker on the substrate of a

sem conductor integrated circuit being tested, and a guide 10 nechani sm may
be provided to insure that the m crocontact pins 18 are guided to the

el ect r odesh@6adietectris éayeratfywoptanadritagnasaondines 44 abesimiladytfermeds wi | |
be appreciated fromthe foregoing descriptions, this invention offers the

f ol | owi ng Thevstapagt forniing alternetaly coplanan transsissiondines 44 end dlieleatric e

m crocontact pins which 15 al|ow for effectively testing the operation of
seni condud@yrsida argrspeatediuntilia desiradobui ﬁirupeass»sn&dbf J@plgna he st at e- of

poss bl ep?%ﬁ%ﬂﬁ%ig‘é‘i{ﬁ%‘}%{gﬁéﬁi\%ﬁ%i %»‘.Ee"r%i%%h@e{iaéﬁi ﬁh aei%%?j%éirﬁ%%% Geh of
150 i . . 20 (2
T8RRI SRIR et hRMEL S 2,
j Ust e oreriZRBSa PL AR vekASIBR e GraiBEav AL Eo Ak Ry IR B LS 56 o
a sem Con‘ﬁ'ﬁ?ﬁl%rsidﬁtﬁ@ﬂ%ﬁﬁ@d%&fwgc%ﬂ%%e?&ed' (3) It allows for not only

the transm ssion of test signhals an asurenent signals, but also the

application OSuBE‘ec?._l(ﬁfﬁgﬁ,QhPs_ it Edly oFit A sAi88ionl lifes ﬁ1a5'Cbé3@utti%5t ed.
(4) It is also posSible’to integrate mcrocontact pins 18 in a substrate in
a two-di mehigkassdesdDl @pridspondirgspotheeahicknuss bfthe deized tainal &apﬁaaft a 2
s MaY 2003 -21 sem conductor integrated circuit to be tested. (5) In the

i nst ab@e ill tmsvtersdly afehsilengthsefptherdoplanarf tratmmissiceplinesd4pas shownt act
pin device 31 is provided with guide grooves or guide pins, the entire

i nt egr at edn brekere lineadn Fignd Adei ogam a pharplibe of seiminal spppeds 1dhaviag

coplanar transmission lines 44 as termination high frequency transmission

G

lines 13.
Fig. 5B is a cross-sectional view corresponding to Fig. 1A but

15 illustrating the terminal support 11 having termination coplanar transmission
lines. Relatively thick substrates 41 and 46 are formed on the lower and
upper portions of the build-up assembly, respectively as viewed in Fig. 5A
where locating holes 22 may be formed in the terminal support 11 prior to or
subsequently to cutting the assembly. It is to be appreciated that the

20 presence of the ground leads 42 between the adjacent coplanar transmission
lines 44 as viewed in the direction of the array of ground leads 42 and signal
leads 43 sufficiently reduces interference between the adjacent coplanar
transmission lines 44. If there is any possibility of interference occurring
between the coplanar transmission lines 44 as viewed in the direction of

25  vertical stacking of the coplanar transmission lines 44 in Fig. 5A, coplanar
transmission lines 44 may be spaced alternately with two consecutive
dielectric layers 45 having a grounding conductor layer 47 interposed

therebetween, as fragmentarily shown in Fig. 5C.



5 easily adjusted for alignnent either when the type of the sem condQdtMAY 2003
integrated circuit to be tested is changed or when the m crocontact pins 18
wear out. (6) In the case in which the transm ssion line block 61 is used,
t he spaci ngs between the term nation high frequency transm ssion |ines 13
of the 10 integrated m crocontact pin device 31 may be broadened

two-di mensional |y or three-dinensionallyjgo facilitate the connection with
a performance board. (7) In the enbodinent in which the contact pins 18 are
obliquely attached, each tine the contact pins 18 are brought into contact
with the el ect rAttesnaﬁ‘verday,sxﬂmrosmqmrammmstc&ghaesamayl beused asiermunatiot pi ns
are 15 reS|I|entIy flexed, resulting in displacing the points of contact
wher eby conlight rpqu@lcs'cﬁrammntshmnellm@rliiod&xetme pbynarmifashiring ﬂi | ms on
the el ectrodes . to thereby establish better electrical, B contact. In the
case in whiEEminabaupport ﬁhmmulnﬁancm@é [l dre deseribes: withaiederense ﬁﬁlgnés are
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are formed a plurality of parallel, spaced signal transmission lines 51 to
10  constitute microstrip transmission lines 52, on which another dielectric layer
53 is formed. The steps of forming a ground layer 438, a dielectric layer 49, signal
transmission lines 51, and a dielectric layer 53 successively are repeated until
a desired build-up assembly of ground layers, microstrip transmission lines
and dielectric layers is obtained. Subsequently, this build-up assembly may
15 be cut in thicknesses D1 transversely of the length of the signal transmission
lines 44 to obtain a plurality of terminal supports 11 having microstrip
transmission lines 52 as termination high frequency transmission lines 13.
In alternative embodiments, polyimide film may be used to form the
dielectric layer in Figs. 5 and 6, to which a conductor foil such as copper foil
20 isapplied. Then, the conductor foil may be processed to form coplanar
transmission line 44 or signal transmission lines 51, or may be made a ground
layer without processing. Such coplanar transmission lines or signal
transmission lines and ground layers are then stacked one on another and heat
welded together to prepare a build-up assembly as shown in Fig. 5A or Fig. 6.
25 In order to facilitate the connection between the integrated microcontact
pin device described above and a performance board as well as to maintain
the satisfactory high frequency characteristics, it is desirable to detachably

attach a transmission line block to the terminal support 11.  Specifically as



transm ssion line block detachably attached to said term nal support ﬂA??@J
ot her side surface of the support, said transm ssion |ine block havi G
relay high frequency transm ssion |lines connected at one ends to the other
ends of the corresponding term nation high frequency transm ssion |ines on
the other 15 side surface of said termlqgl support, the spacings between
the relay high frequency transm ssion |I'ines at their other ends being
broadened to be | arger than the spaci ngs between said term nation high
frequency sho@isin Bl I for éedmple, aftrendmiissivraliad blidbek 6¢dsdetichably devi ce of
claim2 wherein said 20 term nal support is in the formof a plate, said
term nat i antabhed té tessieeaf thedntograteidanidroventazt i devite®heppaosite y
distributed, and said transm ssion line block is of a three-dinensionally
gr adual | y frornatemciontpat grihs ¢ 8rwhichrare distfibaited i grtstcedimensionshamay. pi n
device of claim3 wherein the relay 25 high frequency transm ssion |ines of
sai d t r anskhestrpasmissien knedioek 61 disisalispesed theresadngbtfiiequaneyt er ns of hi gh
frequency. 5. The iqtegr ted m _crocont act in,ggvice of claim3 wherein
said 52 4rapamission lines Lkalay, PRe eads of whis i%f@é]ojmieﬁte@efﬁ’g'h’ﬁl ly the same
direction with respect to said.one_.side surface.of. said t L.nal support.
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| ength of electrical "path. 15 9. The inhtegrated m crocontact pin device of
cl ai m 3 wiaregiexternd dwayafrom tiw mtegrats] hlioconsact pinrdesrick Bensitdnhe bl ock
conprising a plurality of o

spacings between the adjacent relay high frequency transmission lines 62 at

the end face 61a of the block 61 become about 10 times as large as those at
the opposite end face adjoining the terminal support 11, while the

15 characteristic impedances are maintained uniform over all of the transmission
lines 62. In addition, the relay high frequency transmission lines 62 are
capable of transmitting DC signals as well, and are adapted to match with the
termination high frequency transmission lines 13 in the characteristic
impedance.

20 Next, the method of manufacturing a transmission line block 61 will be
described. In one example, as shown in Fig. 84, a thin dielectric substrate
63 of ceramics, for example having one shorter side and the opposite longer
side is first prepared. The substrate 63 has integral mounting tabs 64 formed
as extensions from the opposite sides of the shorter side 63a. A multiplicity

25  of coplanar transmission lines 65 having one ends lying on the shorter side
63a and the other ends lying on the longer side 63b are formed of metal such
as copper, gold or the like on one side surface of the substrate 63 as by

photoetching or thick-film printing process. Specifically, wide ground leads



| ami nar bl ocks stacked one on another, each of said |anminar bl ocks halfrffY 2003
said relay high frequency transm ssion |lines arranged in a two-di nensional

20 array. 10. A nethod for nmanufacturing an integrated m crocontact pin
device conprising: the step of formng a term nal support having a

plurality of 25 term nation high frequslgtc_y transm ssion |ines capabl e of

transmitting direct current formed theréthrough in a distributed array; and

the step of arranging a plurality of mcrocontact pins in juxtaposition on

a thin sul@?,taraai@n&%wséigﬁmi Red3 68bUralalteynAkly HEaAYES Eheth B5atQARhBherdPt her
I n z s r~bY zoo3 -24 an oblique manner to forma build-up substrate

assenbly, thasiprell lédds 63hand avezroaviigadebsh aijuceanticreto on s cppasiged
t hereon; the step of connecting one ends of the m crocontact pins of said

bui | d- up sidestcauperatesterfoim 4 coplanae oaasmissior liner6&2spondi ng term nation
high 5 frequency transm ssion |ines of said termnal support; and the step
of di ssol vi ng Thedhumberpfithe ¢eplanastransmission siaes Oduisimadg equalkstor thias
assenbly. 11. The nmethod_ of claim 10 wherein said step of form ng the
ternindl 0d thaspstactipies Laof the ietegratad missoepntarhpin devicad lsalopednes or mi ng
2Pl BN eAency i nem scLon LT LRl lcl onane side
cai d i g TFISBUL R or i B38E PRBLeqiiptia shitieh Bl Cohife s €pldRE ™
repeating ga icgldrhﬁrtﬁpirg\% Arectidh. | oFRd %ﬁﬁg@ of ik Egﬁf&nar transmission
lines 65 at the other ends, that is, at the ends on the longer side 63b are the
10 largest, say about 10 times as large as those on the shorter side 63a (although
not shown to scale in the drawings for the convenience of drawing). In that
case, the width of the signal leads 65b is made constant while at the same time
the spacings between each one of the signal leads 65b and two ground leads
65a on the opposite sides are also made constant in order to ensure that the
15 characteristic impedance of the coplanar transmission lines 65 is maintained
substantially constant. Consequently, each of the ground leads 65a is
broadened in width gradually as it extends from the shorter side 63a towards
the longer side 63b. If desired, however, as representatively shown in
broken lines at one location in Fig. 8A, each ground lead 65a may be provided
20  with a slit 66 which starts at some midpoint between the opposite ends of the
ground lead and broadens widt‘h-wise as it comes closer to the longer side 63b
so as to maintain the width of the ground lead 65a effectively constant. In
addition, whereas the shorter side 63a is made straight, the longer side 63b is
made an arcuate curve which is concave with respect to the shorter side 63a
25  so as to make all the coplanar transmission lines 65 equal in path length,
hence in the signal propagation time.

As required, a layer 67 of conductor such as copper is formed on the

other side surface of the substrate 63 by vapor deposition, for example as
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dielectric formng step a predeterm ned nunber of tines to forma
dielectric block containing a plurality of tiers of high frequencyzawmyzm3
transmssion lines in 20 array therein; and the step of cutting said
dielectric block in thicknesses corresponding to the [ ength of said

term nation high frequency transnissioT | ines transversely of the |ength of
said high frequency transnission |lines Po obtain a plurality of said

term nal support. 25 12. The method of claim 10, including: the step of

form ng asheRASHIEE. 8B.! ITKerd) @ﬁ{ﬁlﬁﬁﬁéﬁ%!@f@ﬂe ek YbiNiAEd SnsaHRe 63
transm ssion Lines“therein, said relay high frequency transm ssion 2 6

h. ~AY 2008avitfy inan§<copiandtdranehissioneligess fytmed ithereoa edaceerivglysur f ace
of the block and arrayed in the sane distribution as that of the
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sai d t er ncontacomwith gackt otheremdywihithadengerssides b3hexbutting aghinss eeph of
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respectively and that the spaci ngs between the adjacent relay hig
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pl ural ity shéwsaindFighiBD tb ebmpileteca trabsrmissies linewblogk €di.d rel ay hi gh
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other with t h&hehuimber of thessubsteases 63 to Wietsiackashisamade eguahinithait ol t he
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i :::EnEEggEn_mag SHPRORK] ating pins 71 are passed through the locating

holes 69 formed through the mounting tabs 64 of each of the stacked

(o2}

substrates 63 on the opposite sides thereof and the aligned locating holes 22
(Fig. 1) of the terminal support 11 to align the transmission line block 61 and

25 the terminal support 11 with each other, as shown in Fig. 7 so as to insure that
the termination high frequency transmission lines 13 of the terminal support
11 and the corresponding relay high frequency transmission lines 62 of the

block 61 are brought into contact and connection with each other. Inan
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""10%4| & (ine 6% asishsayRing Fig. 10A, ground lead forming grooves and signal lea

forming grooves may be formed on a substrate 63 in a pattern similar to that

shown in Fig. 8A and a metal layer is formed over the surface of the substrate
15 63 in which the grooves are formed, followed by flattening and grinding that
surface to provide alternating ground leads 65a and signal leads 65b in the
groves. The subsequent processing may be carried out in the same manner
as described before in connection with Fig. 8.
Next, an instance where the relay high frequency transmission lines 62
20 comprise coaxial transmission lines will be described. As shown in Figs.
10B and 10 C, a multiplicity of rectangular grooves 75 each corresponding in
shape to one half of the cross-section of a square coaxial transmission line are
formed in one side surface of a substrate 63 in a pattern in which the spacings
between the adjacent grooves gradually broaden, the inner surfaces of the
25 grooves 75 are metallized with gold or copper to form outer conductors 76,
followed by filling the grooves 75 with dielectric material 77 such as SiO, by
vapor deposition. Then, a central conductor 78 is formed on the dielectric

material 77 in each of the grooves 75 along the central axis thereof as by
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10 h 10 hshown in broken lines for easy viewing. A multlphclty of the thus
constructed substrates 63 having longitudinally split rectangular coaxial
transmission line halves formed thereon are prepared, and the substrates 63

5 are joined together in pairs with their surfaces having the grooves 75 formed
therein bonded with each other as shown in Fig. 10D such that each pair of
the longitudinally split rectangular halves of a square transmission line are
mated together to form a square coaxial transmission line. This completes a
mated assembly 81 of the substrates 63 having a multiplicity of square coaxial

10 transmission lines 79 which are spaced apart more widely at one ends and
more closely at the other ends. A multiplicity of the thus mated substrate
assemblies 81 are stacked one on another with their one ends in contact with
each other and the other ends are stacked one after another and bonded

- together with their one ends in contact with each other and with the other ends

15 abutting against each other with spacers interposed therebetween, like the
manner shown in Fig. 8C. Then, the end faces of the built-up substrates 81
on the side where they have been directly (without spacers) bonded together
are flattened like the manner shown in Fig. 8D to complete a transmission line
block 61. It will be understood that round coaxial transmission lines may be

20 constructed in the manner similar to that described above in connection with
the coaxial transmission line square in cross-section.

In another alternative embodiment, the relay high frequency transmission
line 62 may likewise be constructed by a microstrip transmission line. In
this instance, although not shown, it will be readily appreciated that it may

25 only be required that signal leads be formed on one side surface of a substrate
63 in a pattern similar to that of the coplanar transmission lines 65 shown in
Fig. 8A and that a conductor layer 67 be formed as a ground face on the other

side surface of the substrates 63.
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Skt $§OW%'0%EE{in?§Fig. 11, the end face 61c of the transmission line

block 61 opposite from the integrated microcontact pin device 31 may be

ground flat to become parallel to the end face 61a of the transmission line
block 61 on the side of the integrated microcontact pin device 31 prior to
bringing the performance board 32 into opposing contact with the flattened
10 end face 61a so that the relay high frequency transmission lines 62 are
connected to the associated electrodes. In this case, differences in signal
propagation time between the relay high frequency transmission lines 62 due
to the differences in path length may be compensated for by inserting delay
lines in the performance board 32 to make the overall signal propagation time
15 equal.

While the integrated microcontact pin device 31 is illustrated as having
contact pins 18 arranged in a two-dimensional array in the embodiments
described above, it should be understood that they may be arranged in a one-
dimensional array. The associated transmission line block 61 may be one

20 having the relay high frequency transmission lines 62 arrange in a two-
dimensional array as shown in Figs. 8A, 10A and 10D. Moreover, while the
contact pins 18 are illustrated as being obliquely attached, they may be
oriented so as to contact the pads (electrodes) of a semiconductor integrated
circuit to be tested perpendicularly thereto.

25 As additional options,

() The transmission line block 61 may be ultrasonically vibrated in
micromotions to cause the microcontact pins 18 to scratch the electrodes 36 of

a semiconductor integrated circuit being tested to destroy any oxide film
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5 circuit being tested to the transmission line block 61 through the microcontact
pins 18 or by radiation.

(¢) A monitor camera may be installed on a side of the transmission
line block 61 or at any other appropriate location to identify a marker on the
substrate of a semiconductor integrated circuit being tested, and a guide

10 mechanism may be provided to insure that the microcontact pins 18 are
guided to the electrodes 36 of a semiconductor integrated circuit being tested.

As will be appreciated from the foregoing descriptions, this invention
offers the following advantages:

(1) The invention makes it possible to realize microcontact pins which

15 allow for effectively testing the operation of semiconductor integrated circuits
prior to being packaged or the state-of-the-art packaged microminiature
semiconductor integrated circuits. It is possible to realize microcontact pins
having a pin pitch on the order of 150 um as well as a pin count as many as
several thousand channels.

20 (2) It allows for probing of high velocity signals, since the
characteristic impedance of the signal t‘ransmission lines are maintained
constant until just before they reach the contact pins 18 for probing the
electrodes 36 of a semiconductor integrated circuit being tested.

(3) It allows for not only the transmission of test signals and

25 measurement signals, but also the application of DC bias to a semiconductor
integrated circuit to be tested.

(4) Itis also possible to integrate microcontact pins 18 in a substrate in

a two-dimensional array in correspondence with the electrode array of a
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integrated circuit to be tested is changed or when the microcontact pins 18
wear out.

(6) In the case in which the transmission line block 61 is used, the
spacings between the termination high frequency transmission lines 13 of the
10 integrated microcontact pin device 31 may be broadened two-dimensionally
or three-dimensionally to facilitate the connection with a performance board.
(7) Inthe embodiment in which the contact pins 18 are obliquely
attached, each time the contact pins 18 are brought into contact with the
electrodes of a semiconductor integrated circuit, the contact pins are
15 resiliently flexed, resulting in displacing the points of contact whereby contact
pins scrape the electrodes to destroy the oxide films on the electrodes to
thereby establish better electrical contact.
(8) In the case in which coaxial transmission lines or coplanar
transmission lines are employed as termination high frequency transmission
20 lines 13 and relay high frequency transmission line 62, it is possible to

prevent interference between the adjacent transmission lines.
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transmission lines capable of transmitting direct current formed therethrough;

5 and
a plurality of contact pins connected at one ends to one ends of the
corresponding termination high frequency transmission lines on one side

surface of said terminal support.

10 2. The integrated microcontact pin device of claim 1 including a
transmission line block detachably attached to said terminal support on the
other side surface of the support, said transmission line block having relay
high frequency transmission lines connected at one ends to the other ends of
the corresponding termination high frequency transmission lines on the other

15 side surface of said terminal support, the spacings between the relay high
frequency transmission lines at their other ends being broadened to be larger

than the spacings between said termination high frequency transmission lines.

3. The integrated microcontact pin device of claim 2 wherein said
20 terminal support is in the form of a plate, said termination high frequency
transmission lines are two-dimensionally distributed, and said transmission

line block is of a three-dimensionally gradually broadening configuration.
4. The integrated microcontact pin device of claim 3 wherein the relay
25 high frequency transmission lines of said transmission line block are shielded

from each other in terms of high frequency.

5. The integrated microcontact pin device of claim 3 wherein said
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6. The integrated microcontact pin device of claim 3 wherein said
5 termination high frequency transmission lines of said terminal support are

shielded from each other in terms of high frequency.

7. The integrated microcontact pin device of claim 3 wherein said
terminal support is detachably attached to said transmission line block, said
10 terminal support and said transmission line block are provided with locating

means for aligning with each other.

8. The integrated microcontact pin device of claim 3 wherein said relay

high frequency transmission lines are equal in length of electrical path.

15
9. The integrated microcontact pin device of claim 3 wherein said
transmission line block is a three-dimensional block comprising a plurality of
laminar blocks stacked one on another, each of said laminar blocks having
said relay high frequency transmission lines arranged in a two-dimensional
20 array.

10. A method for manufacturing an integrated microcontact pin device
comprising;:
the step of forming a terminal support having a plurality of
25 termination high frequency transmission lines capable of transmitting direct
current formed therethrough in a distributed array; and
the step of arranging a plurality of microcontact pins in juxtaposition

on a thin substrate and stacking a plurality of the substrates one on another in
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substrates having said microcontact pins arranged thereon;
the step of connecting one ends of the microcontact pins of said
build-up substrate assembly to one ends of the corresponding termination high
5 frequency transmission lines of said terminal support; and
the step of dissolving and removing the substrates of said build-up

substrate assembly.

11.  The method of claim 10 wherein said step of forming the terminal
10 support includes:
the transmission line forming step of forming a plurality of high
frequency transmission lines in parallel on one side surface of a rectangular
insulating substrate;
the dielectric forming step of a dielectric layer on said rectangular
15 insulating substrate having said high frequency transmission lines formed
thereon;
the step of repeating said transmission line forming step and said
dielectric forming step a predetermined number of times to form a dielectric
block containing a plurality of tiers of high frequency transmission lines in
20 array therein; and
the step of cutting said dielectric block in thicknesses conespondiné
to the length of said termination high frequency transmission lines
transversely of the length of said high frequency transmission lines to obtain a
plurality of said terminal support.
25
12. The method of claim 10, including:
the step of forming a transmission line block containing relay high

frequency transmission lines therein, said relay high frequency transmission
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arrayed in the same distribution as that of the termination high frequency

transmission lines of said terminal support, and having their other ends spaced

apart more widely than the spacings between said termination high frequency
5 transmission lines; and

the step of opposing and detachably securing said one side planar

surface of said transmission line block and the face of said terminal support

opposite from said microcontact pins, and connecting said termination high

frequency transmission lines and the corresponding relay high frequency

10 transmission lines to each other.

13. The method of claim 12 wherein said step of forming the
transmission line block includes:
the step of preparing a thin dielectric substrate having one shorter
15 side and the opposite longer side, and arranging and forming said relay high
frequency transmission lines on one side surface of said thin dielectric
substrate such that one ends and the other ends of said relay high frequency
transmission lines lie on said shorter side and said longer side, respectively
and that the spacings between the adjacent relay high frequency transmission
20 lines increase gradually as they extend from said shorter side toward said
longer side; -
the step of stacking and securing a plurality of said thin dielectric
substrates having said relay high frequency transmission lines formed on one
side surface thereof to each other with the shorter sides in contact with each
25 other and with the longer sides spacer abutting against each other with spacers
interposed between the adjacent longer sides; and
the step of flattening said shorter sides of said stacked thin dielectric

substrates.



