
Correspondence -- 

Alwtwct , W c  prosont n n ~ u t h d  for fnbricnting flr?rihln 
miiltilnyur circuits for intcrcotniection to 2-D array iilt,cn- 
sound Lvonstliicors. 111 addition, WO clcscibiha four 2-I3 n r r y s  
in  which such flexible interconnect is implcinctiterl, Includ- 
ing transthoracic nrrnys with 438 channols operating trt up 
to 7 MHz rind intracardiac cnthotor nrmys with 70 chnrl- 
nols ogaratiril: nt up to 7 MH5. Wc crnplrby thin and thick 
film microfahicntiori tochniqnos to 1,ntcli pruchwo thra inter- 
corirwct circuits with miniinurn cli3nensions of 12-prii I i i i ~ s ,  
40-Htn vitrs, and 16o-pni nrrny pitch. T h e  arrays show 5 0 - 0  
insertinn loss of -NI to -84 ti13 tind H frnctionnl bniitlwirlth 
of 27 to 07%. The tirrays nro used to ohttiin real tinlo, h i  
vivo volumotyic scrins. 
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a C d e f h 
Fig. 3 ,  Schematic fabrication scqucncc. Mihuriztls arc a) polyirniclc siibslrntr, I)) Cr/Au Rput.terec1 metal layycr, c) spin-coated polyimide 
r l i r h t r i c ,  d) dry film diclcctric, c) dry f i l r n  piintoresist, f )  electroplated C i i  pad, g) conductive Ag epoxy. and h) PZT and mnt,ching layers. 

reason [or a tliir:k Cu metallixatiori is to form an nccept,nhle 
finish on Ihe solder pads. An incidcntal Iicncft o€ I.his process 
is thnt tlie interior of each via is Cu-plaled, IieIpirig to BIISLII'C 

reliable cont,iriiiity among thc multiple riictal layers. 

The final shicicriess of Llie circuit, in the region of the tram- 
duccrs is suminariwd in Table I. Althriugli thc total flex thick- 
iims approaches O M  ~vavclcrig~li, at. Ilie trarisdi~cer operating 
Freqiienr:ica, tlw effcct on acoustic propagat,iorl is miuiina.1 h c  
cause there i s  R good acoustic mat,& bci'weeti Ihe polyracr flex 
circuit arid tlie epoxy hacking ll.51. Thc mclal layer l,hickricYues 
are less tliari 0.05 \vavclength and can bo ignored 

'Tlic cornplcred cirr:uits are cut out and prcparcci lor tqqdi- 
cation of tho piczoelectric cerarriic:. Wt? have clcscrilicd in delail 
clscwhcre the procedure of bonding a i d  dicing PZT, inatchirig 
layer, arid t q l  groiincl planc [].SI. In brief, a plate o f  PZT aid 
matching laycr, largc criouglt t c r  cowr tlit: array area, is Iioridcd 
tn t.lie circuit with conductive silver epoxy. Sttw r:uts inadc with 
H dicing- B ~ I V  pcnctrnte the thickness of lihe P7,T ancl cpoxy and 
exLerid partially irito the cwcrlay niatcrial (Fig. 3.7). 

Thc top gm~trid foil i s  hondcd to the top surface of the clc+ 
monts and connected to ground pads at the cdgc of the nrrny. 
The circuit is designed such hai ,  any PXT matcrial surround- 
ing thc active elemerit,s i s  groiinded at tioth top and boltoni 
electrodcs t.o suppress spnrioiis siprids. 

1% havc uscd Ihe piucsdiirtt jiist. dcscrilied lo  lnnbricnle 2-D 
array transducers OF three designs. Two arc IKLPPOW slrips with 
an LWF~LY at, ixie cncl arid rows ol  solder p d s  at thc other cnd. 
'L'hc firsl is a. fi4-channcl, 5.0-hlHz traiisdim?r [Fig. l a ] ,  and 
thc second is 70-r:hnnncl, 7.0-MIlz transducer [Fig. II ,] ,  'Ilhc 
transducers are inserktl into B cathctcr to prodiice sirlc+loc>bing 
voliimetric scans, hltcrnnlively, iihe MLI? circuit's can bc bent 
90" just bclow Ihc array i,o prtdiics forward-looking volumetric 
scans. The t.hird dcsign is n 438-charixir:l array ~ U i g  k]. Thc cir- 
cirit extriitln lntcrally from Ihc array region in two tabs: which 
fold k d i i r r i l  tlie a.rray for solder connechioriu. We haw usctl this 
third dcsigri lo fahriciltc 3 5 ,  5.0-, and 7.0-MH;s trnnsduccm. 

Thc rlitncnaions of the cathetrir I\?I lil? circuils nre give11 iri 'Tau 
blc! IT. Wc havc descrihed the array configuralion prcvioiisly 151, 
The sol(lcr pads arc! arranged to wcommodatc coaxinl cal~los 
mannfacturecl l>y Prccision lntcrconnccl (Portland, OR), 'I'hc 
cablc sheniJiing is soldcrcd to  ground knrs locatud hctwccn t.hc 
activc pads. The coaxial caliles are hundlcd nnrl soldered t r i  
cards for cdgc conncckion lo llie scanning clcctronics. 

'l.'lic 438-chnnnel MLF trfinduccrs w r c  habricated with di- 
rrieiisions given in 'I'able 11. The sigria.1 layer is routcrl wiLh H. 

mnxinuirn derisity of six traccs hetweell via capturc pxls. The 
solder pads asc positioned iri seven douhlc rows of 38 pnds. 
The par1 pitch mntclics specially htiricatcd doublc-sided ilex 
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circuit cards, whir:li arc soldcrcd HL right nnglcx to thc  MLF. 
The free ends cif  Ihcsti c:urtls in turn  fit, inlo wven, TL-clianncl 
cclgc coniicctws (Precision hiterconiieci, PAC connet:(.ors). Tlic! 
completed MI,F circuit array is fitkil i r i h  a comp:ic:t liouxirig 
by wrnppirig Lhc outer tnha 01 h c  c:ircuit >wound arid t d h d  
the array nii a had ing  of iillcd, Ic~.sy cpoxy, w l k h  hils bccn 
(:as1 in the shape 01 a tniiicatcd squarr pyrmiiil. 

E.lcctrica1 and womtic: mcasiireinciit.s wcrc mndc with a11 
apparatus dcscrilwl previously i6). 'l'hi! result,s from t.he Irans- 
duccr tests are summarircd i I i  Tablc 111. ?'he --G dR I'mctiorinl 
bandwidths v&iy from 27 tu 87% 'Ylie range of i i iwrLioii losses 
is from -60.4 to 4 4  dH, t : I o  angular rcsponsc vnrios from 38" 
tn 54", arid thc cross talk is between -16 niitl -31 dlL 

We have ovalun~od t.hc imaging pcrforniniw 01 the IvI1,l~ 
tmiisdwxrs iwing i,hc Duke Voliiirictric scanner (201, Fig. 5 
sliows a typical R-scan 1 lrrough a p h ~ i i i o ~ n  t.hat inr~liirlcs a 
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