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REPORT ON FLTP CHII' AND BEA141 LF.AD BO:vISL~G 
FOR ELECTRONIC CIRCUIT5 

I. INTROD IJC TION 

Interconnect concepts for semiconductor devices continue to be a focus for development effort in the 
microelectronic' industry. The motivation for this activity is t~e desire for greater economy and re- 
liability in microelectronic devices. Conventional ~vire bondec~ interconnects have inherent limita- 
tions in these areas. The time consuming natare of the precis~> manual operations r~~uired in ~rire 
bonding is a serious hindrance to cost reduction efforts. Faulb~~ wire intercoznects ha.ve  proven a 
common failure mode for microelectronic devices. 1'he inte.r.c~cnect concepts evolved from t~e de- 
velopmental effort have taken a variety of forms. 'I`~vo pro~inent sc~ emes are the Beam Lea3 a:id 
Flip Chip devices. The lion's share of the developmental funds are going into the davelopmeat of 
these t~~o concepts. Both have definite wea{:nesses and the sea.~cu for other techniques is cuntinuir.~. 
Sianificant of the latter are the "5pider" technique and the "Plastic-Structured l~Zicroel2ctro~ics". 

The purpose of this investigation ~~~as to study the evoh~ed intereonnect sche~nes a.nd evalua:e tham 
from the economic and reliability aspects. 

The study was centered on the Beam Lead and Flip Chip approaches. The basic source oi iniurraa- 
tion was a literature survey. Samples of the Beam Lead devices were studied for supporting inforn 
tion. A prior study on the Flip Chip devices (Reference 1) was dra~r~n upon for actual exparienca in 
these devices. 

II. CONCLtiSIONS 

Botn the Beam Lead and I'lip Chip devices have inherent iimitatsons which have prevented thz acLiav 
ment of the dual goals of economy and reliability. 

The major restriction of the Beam Lead devices is that its fabr:cation r~quires many complz:c opera- 
tious beyond that required for basic semiconductor devices. It 21so has a second limitation in that 
effective use of these devices requires special ha.ndlina proced~xres in all phases of its assersbly. Th~ 
above restrictions are envisioned to nullify much of the econo~i~ advanta.ges caimed for thzs~ de- 
v ices. 	 ~ 

From a theoretical basis the Beam Lead devices represent real reliabili~y gains. These are repre- 
sented by its integral passivating silicon nitride coating a.~d its advanced intarconnect metallizat:cn 
system. A proven reliability wea.~ess is the handlin~ difficulti.as encountered due to the low peel 
strength of the Beam Leads. 

'I'he many forms of Flip Chip devices do not generally a11ow ~e^eralizatior~s which fit all type~. :~ 
common generalization is that, in principle, tne approach leniis itselF to major econom;c g •aias. Tha 
interconnect system can be fabricatad with a small number of s~mple operaticns beyond tha~ requ:rec? 
for the basic semiconductor devices. The ;ipproach has features ~vhich make it very attracti;~e to 
automation. The latter has led to experimental development oE automatic machines For sorting and 
bondi.ng chips. Users of this approach find considerabl2 equipr_:ent and process development neces- 
sary to achieve the required reliabi:ity. 

The Beam Lead approacn has captured the interest of bovernmental2o~ncies directin~ the develoo- 
ment of importanC aerospace systerns. This suoport is hasteni.ng t?Ze developrs~n~ of the app:each ~to 
a fully developed interconnect ischnique for microeler,trun:c der-ices. 

C~~y.;ant 19 r 2 by Sor.iety ot,>utomotive Enginears,lnc. 	 Yrintad in U. S. ~. 
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III. PROCEDURE 

Material for this study was gathered from three sources: First, a litera.ture search of pertinent articles 
and reports in scientific journals and government publications was made. Second, manufacrnrers of face 
bonding transistor devices were contacted for details of availability, costs and technical in_'orcia:;on. 
Third, sample devices ~vere analyzed for construction details, and possible weal;nesses. 

The material is presented in the following manner. First, a report of the developmenta~ ac~i •: ities b5~ ~e 
important elements of the microelectronic industry in new interconnect concepts is present~d. ~e~ond, 
a comparison of the Beam Lead and Flip Chip devices is made based on cost, reliability, par:or~~ce a: d 
availability. Fina.11y, description of the I~own fabrication details for the Beam Lead aix2 Fi:~ Ch:~ de- 
vices is presented in an Appendix. Included in the Appendix are the general fabrication coLc~pts :or thP 
"5~ider" and "Plastic Structured Microelectronic" techniques. 

1. • EVALUATION 

1.1 General: 

1.1.1 The high interest in the development in new interconnect concepts for microelectronic dev:= • es i~ ~m- 
phasized by the high frequency of articles describing them in the technical journals. L'nfo-:na:~_~, ~E 
articles geuerally lack objectivity and are slanted to sell the concept to wnich the author ~.~~ the -~anu- 
faeturer he represents is committed. Unbiased reports of worth on the new micraelectroL:c: in:~_con- 
nect developments are found in three articles (references 2, 3 and 4). These are comare_=~si: e pre- 
sentations of the developmental activity and its motivation as expressed by an importa.ni s~ ~e~ oi th~ 
microelectronic industry. 

1.1.2 The situation is very much in a state of flux. This, after 4 to 6 years of developmental e~>rt fo~ the 
Flip Chip and Beam Lead devices, does not speak we11 for either concept. Stron~ propou~r`; for aithar 
concept are those committed and have strong economic motivations for their support. Fur :~e ~~am ~e 
devices these include Bell Laboratories and their affiliate `ti~estern Electric Co. , and R~~-=~n. : or := 
Flip Chip devices, Hughes, Intersil, IF1Vi, and Amelco. Of the above, IBI~I appears to be ~_a o~-r 
company successful in advancing the necessary technology to integrate a new in±erconnec~ conce:;t :n~o 
the production of electronic systems. 

1.1. 3 Nlost of the remaining seoment of the semiconductor industry has invested in the B2am Le:d anC.~ or F?:~ 
Chip technology. Nlotorola is active in bath and, significantly, has invested in a third inte_~on~~t con- 
cept ="Spider" bonding. Spraa e Electric, Semiconductor Division, is reported to have foLowe~ s 
sirniiar course. Texas Instruments has activities in both the Beam Lead and Flip Chip ap,:,:~ac~es. • 
Syl.vania, Nippon Electric Co. , RCA, and Signetics have Beam Lead efforts. I'airchild, L yion C3*~DLC@. 

General Instruments, Philco, Honeytvell and Sperry Ra.nd have invested in Flip Chip studie:. Fa;rchLd 
and Union Carbide have dropped Flip Chip devices from their product lines. 

1. Z.4 Of the potential users of the new interconnect concepts, Autonetics Division of North Amer'c~ ~.cc~.-ne~' 
Co. has invested in ext2nsive studies of both the F1ip Chip and Beam Lead devices. These s~:~es see~ 
to 1isve resulted in sepa rate  camps at Autonetics, tivith advocates for each concept. It is ~~cor.~~d ~naz 
~lutonetics does not expect to have more than prototype activity i.n these areas ~vithin tne ne~r ;L•,. ~~e. 
Aerojet General has made si~;nificant investments in the Flip Chip approacn. Tncluded in :^zs i~.-_sta~.;: 
is an expensive (reported at ~150, 000) automatic machine for testing and bonding F'lin Chip ~?evic~s. 
However, in a current proarsm in which Flip Chips were proposed durino the design st~es. ~ne:r aave 
dropped the Flip Chip approach in favor of conventional ~vire bondina techniques. 

1.1.5 l~iuch of the impetus for the current developmentai effort in the Beam Lead approach is pr~v_=ea oy the 
military, and this investment can be seen to be an important factor in future systeuis. Tce ~ai~~.:ard 
(Sentinel)_ program is reported to be fundina Beam Lead efforts._at LV~st~rn Electric, 1~Ioto~la, ~~d Ta4as 
Tnstru:nents. The commitments represented by the S3feguard program are far reaching. ~~~~• -: :d:cata 
that the military procurer is stron7ly sold on the Beam Lead davices and that, uiiless the_il u 3 4I'3IIl3*_t  
lack of p~rformance by the concept, tne demand for their application in future systems ~.v:"•_ ~e `i,~. 
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~' 	1.1. G A2though the developments to date indicate that the concept may have serious shortcominr;s, the problems 
~ 	 are not l~elieved to Le insurmountable. It is believed that a capability in applying the Beam Lead concept 

will be..a definite factur in the capture rate of military contracts for future space systems. 

1.1.7 The search for an economical and reliable interconnecf: scheme for microelectronic circuits is continuin~ 
r'either the Beam Lead nor the Flip Chip concept has yet satisfactorily performed to these requirenients. 
Aiotorola has concentrated on economy in its development of the "Spider" bonding concept, which is de- 
signed principally for adaptability to automation. The technique is undoubtedly directed toward commer- 
cial products and is not expected to be applicable to high reliability devices (See Appendix 4). 

1.1.8 An interconnecl; technique developed by General Electric Company Applications and Devices Division, 
S~racuse, New York, is reported to have been given a security classification by the Commerce Depart- 
ment at the request of the Pentagon. Details of the technique, which were released prior to the repoi-ted 
security clamp, indicate that the technique has great flexibility and a wide range of application. It has 
economy potentials roughly equivalent to the Flip Chip approach; however, it is difficult to evaluate its 
potential in performance and reliability. 

2. COA'IPARLSON - FLIP CHIP TO BEA1~7 LEAD 

2.1 Cost: 

2.1.1 The cost comparison, Flip Chip to Beam Lead, is definitely in favor of the Flip Chip device. In general, 
the Flip Chip circuit has a potential for substantial cost reductions over conventional wire bonded cir- 
cuits. The Beam Lead technique entails higher costs in almost all pbases of fabrication. 

2.1. Z The additional processing necessary to convert conventional semiconductor devices into "bumped" T'lip 
Chip devices are, in general, minimal in number and simple in execution. The cost for such additional 
processing is estimated to cause cost increases of 10 to 15~Io for. the Flip Chip devices. To convert con- 
venYiona.l semiconductor devices into Beam Lead devices on the other hand will roubhly double tl-,e numbe 
of necessary major processing operations. Many of these additional operations are critical atid will re- 
quire precise controls as ~:~ell as new technology. Cost increases for such processing will strongiy 'ae 
dependent on yields. A rough estima*e oci cost increases is 100 to 1000~"o that of conventional chips. 
R,aytheqn presently clairss their Beam Lead prices are 50 o greater than its conventional counterpart 
and that their aim is to reduce this to 20 0. The cost for Beam Lead devices offered by different m~~u- 
facturers varies considerabl~ depend'ulg upon the unit quantity purchased and the packaging, among other 
factors. 

Z.1. 3 The .Flip Chip concept possesses greater potential for economy in testing, sorting and assembly. The 
design concept for the Flip Chip approach is directed toward automation. The devices are of sufficien~ 
ruagedness to give them yood resistance to mechanical damage :a.nd are readily adaptable to handling b,y 
mechanical equipment. The i-aised electrical interconnect bumps facilitate automatic electrical testin~ 
of the se~iconductor de~~ice at the chip level where they can be effectively sorted accordir.g to their elec- 
trical characteristics. T1~e raiseci interconnect contacts also permits simultaneous bonding of the neces- 
sary interconnects for a device. 

2.1.4 The i~itial goal for the Beam Lead concept was to automate as much as possible. However, the fragile 
nature of the beamed interconnects has presented serious obstruction to Lhese attempts. In fact the need 
to protect the interconnects from mechanical dama~e has necessitated the incorporation of rather elab- 
orate protective handling procedures in the processing of these devices. It is anticipated that significant 
cost additions will incur as a result of the increased handling tinle and from breakage losses due to the 
susceptibility of the beamed leads to damage. A inajor selling point for the beamed lead concept is the 
incorporation of an intebral protective seal for enviroi~mental protection. This feature eliminates the 
necessity for providing hermetic packages for the devices and allows substantial cost savings. However, 
the advantageous applicat;ion of these devices is visualized to be in hybrid microcircuits with other inicrc 
electronic components. In such applications the integral protective seal of the Beam Lead device loscs 
some of its advanta.ge because the other components generally will require the environmental profection 
of a hermetic package. 	_ __ 
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2.2 Reliability: 

2.2.1 Evaluation of the factors affecfing reliability favor the Beam Lead device. The interest of the military in 
Beam Lead devices can be directly attributed to this fact. The innovation of the more stable metal sys- 
tem for the interconnect network in Beam Lead devices is widely accepted as a step tovvards greater re, 
liability. Improved environmental protection is expected from the addition of the silicon nitride la.yer to 
the passivation scheme in Beam Lead devices. The above are real reliability factors affecting the per- 
forma.nce of semiconductor devices. The weaknesses of the less stable aluminum metallization used to 
provide interconnects in conventional devices are la~own; intermetallic formation resulting in "purple 
plague" and diffusion resulting in ;'disappearing metallization" are common symptoms. 

2.2.2 It is not expected that the platinum silicide—titanium—platinum—goid meta.11ization syster.~ of the Beam 
Lead device to be completely free of inetallurgical instabilities affecting the performance of the semi- 
conductor devices. ' To the contrary, it can be expected that the new system will have its own set of 
failure modes; however, their frequency will hopefully and very lii:ely be much less frequent. A repor 
iailure mode for the above system is the diffusion of gold into the active area of the tr~nsistor due to 
breaks in the pla.tinum diffusion barrier due to improper processiug. 

2.2. 3 The silicon nitride provides a more effective barrier to trace impurities of ubiquitous allca;i metal ions 
than conventiona.l silicon oxide passivation layers. The reduced migration of all:ali ions to the semi- • 
conductor surface effectively reduces performance degradation resulting from the accum~.iiation of elec- 
trical potentials at the silicon dioxide-silicon interface. 

2.2.4 The ready direct access of the gold beam leads to the agent affectino the boud allows greater bonding 
efficiency when compared to the indirect techniques which are required for Flip Chip devices. Th~ inter 
connect bondinb is further facilitated by the use of gold to gold inEerconnects. The exceptional bond- 
ability of gold to the low temperature bondin~ processes required in microelectronic circuits maka it an 
ideal interconnect material. Another advantage of the accessibility aspect of the beamed lead device is 
that the bonds can be visually inspected. A great deal of comment is made of the latter; however, it is 
very difficult to judge the quality of a bond frora visual criteria and the value of tnis adva.ntage is ovar- 
estimated. 	 . 	 ~ 

2.2, 5 On the negative sice, the characteristic of the beamed structure causes an inherent ~vea?{ness i.n thes~ 
devices. It is the belief of the writer that the dominant failure mode for these devices w*_ll be the peelin~ 
of the gold beams from the surface of the semiconductor. The reaaons for this are: 

a) The nature of the beamed structure :naximized stresses imposed 
on it at its point of attachment. 

b) Loads tendine to peel the lead wi11 further be concentrated by the 
natural stress riser at the metallization to silicon dioxide i.nter- 
face at the edge of the chip. 

c) P~egardless of processinn, the adhesive streno h oE a metal sys- 
tem to a silicon dioxide surface is an estimated order of magni- 
tude less than the cohesive strenath of a metal system. 

'This is reftected in the mechanical strength properties of Beam Leads listed in Table I. It is for the 
aboye reasons that specia.l handling procedures are rec~uired for the Beam Lead devices during the as- 
sembly and related operations. It is easily conceivable that much of this type of damaga will go unde- 
tected due to their microscopic nature. Such defecCs can be an i.mportant reliability factor in installa- 
tion where hermetic packaDes are not employed. 

2.2. 6 A reported failure mode related to the abovs is that the Beam Lead device is subject to shortin~ bet:v~en 
the beam leads and the body of the chip. This shortinb apparentlg occurs where the beam e.~ctends over 
the edge of the chip. Since the leads are separated from the silicon only by the thicicnesses of the silicon 
o::ide and silicon nitride ~assivation layers at this point, an order of 10, 000 to 20, OOOa thic'.;, the ~ailu~ 
m.ode could easi.ly be either by deFOrrnations in the beam l;ad which bridae this ~ao and/or b ,y cracks 
occurrin~ in the p~ssication layers. 
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TABLE I 

Nlechanical Strena h Characteristic of Typical Beam Leads* 

Test 111ode 	 Average Strengtl~ 
Grams 

Peel Strength 	 2 to 3 

Buckling Strength 	 7 to 9 
at Room Temperature 

Buckling Stren=,eth 	 1 to 2 
at 350 C 

Shear Strength 	 32 to 38 

Tensile Strength 	 10 to 12 

* Keference 5 

2.2.6.1 The danger of electrical shorts resulting from deformation of the relatively thick, soft, plated gold 
metallization of the interconnect pattern is very real in these devices. The effect of inadverteut 

' 	scratches and damaging of the metallization of these devices will be acceiituated. The thicker metal- 
lizations of these devices can also be expected to present cavities which will trap foreign particles and 
malce cleaning difficult. These problems have been maslced in conventional devices by the very thin 
natur.e of tlie thin film interconriect metallization. 

2.2. 7 The intimate nature of the active face of the bonded Beam Lead device to the surface of the substrate is 
e:cpect~d to create surface contamination proi,lems. Tlie narrowness of this gap will cause it to act as n 
capil.Iary, and entrapped forei;m particles and chemical residues ~vill be difficult to remove. Althou~h it 
is difficult to conceive of any significant cheinical attacic on the stable metallization system of the Beam 
Lead devices, the entrapped particles aud chemical residues could create paths for strap currents and 
degrade the performance of the semiconductor devices. 

2.2. S'I`~~e Flip Chip approach has not S~et achieved ~videspread application because many users have not been 
able to control ultrasonic bondinb cEChniques for tliese devices to an acceptable level of reliability r . The 
cost savir.g potential of the I'lip Chip approach is intimately linlced to the ultrasonic bonding technique, 
for rr:wy applications where the oCher bondin~ methods available for honding these devices - thern~ocem- 
pression bonding and salder reflo~~~ techniques - are not feasible. The success of IB;VI in developing a 
usable solder reflo~v process has not gained converts ui si~nificant numbers because the technique does 
not appear to have broad economic advantages. 	 • 

2.2.8.1 The ultrasonic bonding of Flip Chip devices has proven to require considerable attention. Reprocluci- 
bility of bond strength is diificult to zchieve even under laboratory conditions. It is believed tliat the 
main fault lies in the bonding equipment. The problem is complicated by the fact that, althoubh Uiere 
are at least a lialf dozen manufacturers of ultrasonic flip chip bonders, most use a common source for 
the ultrasonic power supply, the electromechanical tra.nsducer and bonding head. Design of these 
components may not yet be refined enough to achieve the consistency required for~production flip chip 
bonding. 
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2.2. 9 The inajor objection generally voiced of the Flip Chip approach is tha.t the interconnect bonds are not 
visually inspectable. The writer agrees with the proponents of the Flip Chip device that this is a mir.or 
disadvantage. Although it is emotionatly reassuring to be able to see the bond, from the ~~ractical point 
of view it is very difficult to make an accurate evaluation of the quality of a bond without conductina a 
ph3~sical or mechanical test. 

2.2. 10 A beneral comment applicable to all types of Flip Chip devices is that their interconnect metallization 
systems are less stable than that used in tlie Beam Lead devices. The performanee limits of flip cbips 
with aluminum bumps are readily predictable; however, the performance limits of the silver-tin 
metailization used in the Hughes Flip Chip and the solder system used by IB:LI are not Irnown. It is pos- 
sible that these devices have failure modes aCtributable to the metallization system used, and that such 
modes will be induced by conditions significantly ~nilder than that required to cause failures, resulting 
from metallizati~n system instabilities, in. Beam Lead devices. 

2.2.10. 1 There are a number of possible failure modes in the Flip Chip devices reiated to the u:trasonic bond- 
ing operation. It is not uncommon to see chipping occur along the edaes of the chips d~ring bonlin~ if 
a collet type bonding tool is used. Although cracking of the chips themseives have not been obsen•ed, 
the indirect transmission of the ultrasonic energy through the chip to the interconnect bonds is con- 
sidered by some to be a rather harsh treatment for the semiconductor device. The ultrasonic Londing 
operation can also cause extensive deformation of the interconnect bumps if not prope; ly controlled. 
In some instances the degree of deformation ~vas such that the danger of shorts in the i~terconr.zcts 
~vas evident. In the Hughes device, the application of high ultrasonic energy tended to c:elaminate ~he 
tin coating from the silver bumps thus presenting the possibility for loose conducti~ • e particles in a 
critical area. 

2.2. 11 E'lip Chip devices do not, however, present a handiing problem. They are of comparable ruggedness 
with conventional devices and have no special failure mode attribatable to hanclling. However, care 
should be exercised in probing such devices. Deformation in the ir.terconnects ean be extensive fr~m 
careless electrical probing. Such deformation can cause diffic;ulties in subsequent bonding operations 

2.2.12 The face bonded desibnpresentsacleaningproblem in flip chips similar to that predicted for t~a Bearn 
Lead device. The magnitude of the problem is less with the FIiQ Chip device since the~ stand aff t~e 
substrate by a. finite height; huwever, the small gap between the active face o# the device and the sub- 
strate may present a contamination control problem unless a sui~able chip passivation or a he_~-satic 
package is used. 

2.2. 13 Althouoh the problem of heat dissipation is not stressed in the literature, both the Beam Lead and Ehe 
Flip Chip devices appear to have si~nificant limitations in this area. Tab1e II is a labulation oi the " 
direct paths availaUle to thermal conduction in typical face bonded devices. It shows tuai the cross- 
sectional area of direct paths for thermat conduction in these devices are greatly reduced from that 
avaitable in conventionally die bonded devices. In the Flip Chip device the decrease is rouohly an order 
of maonitude, in the Beam Lead device the decrease may approach two orders of ma~itude. it u ap- 
parer~c that e:fective alternate means for heai: dissipation are required for these devices to maint:~ia 
operating temoeratures within a safe range. 

2.3 Pex•forrnance: 

2. 3.1 1'here is much discussion in the literature of the benefits of the t~vo approaches on the electrical per.'orm 
ances of microetectronics circuits. The short lead lengths made possible by these techniques are se~n 
to sionificantly reduce iead impedances and improve hiah frequet~cy perfor~auce. Test ~ata oen~raL'y 
do not accompany these claims and it is difficult to mal;e an evaluation of this aspect. The Fl:p Chip 
approach uppears to have a slight advantage in this respect in that they allow shorter lead lengths. How- 
ever, since impedances result from the combined effects of .resistance, inductance, ar.d capacitance a 
simple evaluation based orr~leal len;ths~is not valid. Both the-Fiip Chip ~nd Beam Lead cuucepts are 
attractive in hinh frequency applications wnere short and controlled Lead lene hs are important festur~s. 
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