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B cTathe paccMOTpeHBI MpenMyliecTBa MpuMeHeHusT TexHosoruu flip-chip MoHTaXa KpUCTAJIJIOB MPU CO3MaHUM MUKPOCOO-
pok B 2,5D u 3D ucnonHeHuu. IlpencraBieHbl KOHCTPYKTMBHO-TEXHOJOTMYECKUE OCOOEHHOCTU M orpaHudeHus flip-chip
MOHTaxa KPUCTAJUIOB B MPOU3BOJACTBE BHICOKOMHTETPUPOBAHHBIX MUKPOCOOpPOK. [IpuBeneHbI pe3yabTaTsl OLIEHKU TPOMUIIsS
CTPYKTYPBI MIOBEPXHOCTU OECKOPIYCHON MUKPOCXEMBbI C MUKpOOaMIaMu U Npoduieit 6aMIoB Mmocie UX yCTAHOBKU Ha KOH-
TaKTHBIE TUIOILAJKU TECTOBBIX KpUCTA/UIOB. [IpeacTaBiaeHbl pe3yjbTaThl UCCIEAOBAHUS MPOYHOCTU Ha caBur 6ammnoB SAC305
OT KOHTAKTHBIX TUIOLIAA0K KPUCTAIOB C MOKPBITUEM M3 AU U OT KOHTAKTHBIX IJIOILAJ0K KPEMHUEBBIX MOUIOXKEK C MOKPbI-
teM u3 ImmSn.

Karouesvie crosa: muxkpocoopka; flip-chip monmasnic; Kpucmana; wapuKoswlii 661600, NOOA0NCKA U3 KPEMHUS, 3AAUBKA KOMNAYHOA Nod
Kpucmann.

This paper examines advantages of flip-chip mounting in the production of 2.5D and 3D microassemblies. Design and
technological features as well as restrictions of flip-chip mounting in the course of highly integrated microassemblies manufacture
are presented, as well as the results of estimation of the surface structure profile for unpackaged integrated circuit with micro-
bumps and bumps profiles after their installation on contact pads of test chips. The results of shear strength tests carried out for
bumps made of SAC305 alloy from contact chip pads with Au plating and from contact pads on silicon substrates with ImmSn
plating are presented.

Keywords: microassembly; flip-chip mounting; die; silicon substrate; bump; underfill.

CoBpeMEHHBI PHIHOK BBICOKOMPOU3BOAUTEAbHBIX 2JIEKTPOHHBIX
YCTPOMCTB NMpPeABSIBIASET K KOHCTPYKIIMU U3EIUi Bce 6ojiee KecT-
Kue ycinoBusi. Takvie KOHCTPYKIIMU TOJKHBI OBITh HE TOJIBKO BBICOKO-
MPOU3BOAMTEBHBIMU U UMETh MUHKMMaJIbHbIE Fra0apUTHBIE pa3MephI,
HO ¥ 00ecreuyrBaTh IMPU 3TOM MaKCHUMaJbHO BO3MOXHYI0 (DYHKIIMO-
HaJbHOCTBh. Ha cerogHsImHuit neHb Ajst obecrieueHust 6oJiee BHICO-

KOT0 YpOBHSI (DYHKIIMOHATBHOCTH TIPU MUHUMAJTBHBIX pa3Mepax

U MaKCUMaJbHOM ObICTPOACHCTBUYU MEPCNEKTUBHBIM MpPEICTaBIsI-
€TCsl yTh Pa3BUTUS KOHCTPYKIIMU usneaunii B 2,5D u 3D ucnioiHeHuun
¢ mpuMeHeHueM TexHoJioruu flip-chip MoHTaxa kpucrtasios [1].

JI7s1 BBICOKOMHTErpUpOBaAaHHBIX MUKpocOopok B 2,5D u 3D
WCIOJTHEHU U XapaKTePHBbl TaKUe OCOOEHHOCTU KOHCTPYKIIMHU,
KaK BBICOKasl TNIOTHOCTh Pa3MeIIeHUsT dJIEMEHTOB, MHOTOYPOBHE-
Basi pa3Bo/iKa, OOJIBIIOE KOJMYESCTBO BHIBOMOB, & TAKXKe BBICOKAS




AOKAAABI KOH®EPEHIIUU

HaJEeXHOCTh COeUHEHU . /laHHbIe KOHCTPYKTHUBHBIE OCOOEHHOCTU
MPEABSIBISIIOT MOBBIIIEHHBIE TPEOOBAHUSI K TEXHOJIOTMYECKHUM TIPO-
1eccam COOPKU M MOHTaXa C LEJbIO MOTYUYeHUST U3ACTUil C BHICOKUM
U CTabUJIBHBIM MPOLEHTOM BbIx0/a roqHbiX. COBpEeMEHHbBIE TEXHO-
soruu nipu cozpanuu 2,5D u 3D Mukpoc6opok no3BoJisiioT adhek-
TUBHO COKPAaTUTh Iiomanb (06beM, Maccy) 2JIeKTPOHHOTO y3Ja
B COCTaBe arnmnaparypsl [2, 3].

B pamkax paGoThl yCHEIIHO OTPabOTaHbI TEXHOJIOTMUYECKUE pellie-
HWSI ¥ TIPOBEJICH Psi/I MCCIIEIOBAaHM T HATIPaBJICHHBIX Ha OTIpeieicHue
KOHCTPYKTUBHO-TEXHOJIOTUYECKUX OCOOEHHOCTEN U OTpaHUYCHU It
flip-chip MOHTaka KPUCTAJJIOB B TPONU3BOACTBE BHICOKOMHTETPUPO-
BaHHBIX 2,5D 1 3D MUKpocOOpoK.

CoBpeMeHHOE cOOpoUHO-MOHTaxHoe obopynoBanue (FC150
u FC300 High Precision), ucrnosb3zyemMoe B 1aHHOI paboTe, MO3BOJSIET
C BBICOKOI1 TOYHOCTHIO TPOBOAUTH OMEPALIUM COBMEIICHUST U MOH-
Taxxa KPUCTaJJIOB B 00J1aCTH MOJOTPEBAEMOTO0 CTOJIMKA C pa3MepamMmu

106V X4.300 Spm 0679 30 40 SEI

ala

200%x200 MM ¥ BepXHETO MPUXUMHOTO MHCTPYMEHTAa C pa3MepamMu
50%x50 MM. MHCTPYMEHT U CTOJUK MOTYT HarpeBatbcs no 450 °C,
obecrneyuBas npuxumHoe ycunaue no 4000 H ¢ amckpeTHOCTbhIO
B | rpamMM, a ONTUKO-MEeXaHUYeCcKasi CUCTeMa COBMELIEHHUST TT0O3BO-
JIsSIeT IPOBOAUTH COBMEILEHUE 0OBEKTOB ¢ TOUHOCTHIO 10 0,5 MKM.
JlaHHbBIe XapaKTePUCTUKU 00OPYIOBAHUS MTO3BOJIUIIU C OOJIBIIUM
KOHCTPYKTUBHO-TEXHOJOTMUYECKHUM 3aMacoOM CIIPaBUTHLCS C TaKOi
3ajiaueil, Kak CoBMelleHre KpucTayioB pazmMepoM 20x20 MM, conep-
XKallluX MacCcuB MUKpobamIioB (puc. la) nmametTpom okoJio 10 MKM
B KonmuecTBe 30 ThicsY T, Ha | cM?. Ha 6eCKOHTaKTHOM ONTHYECKOM
npodunromerpe ContourGT-K dupmbr Bruker mpoBeneHa oreHka
TPOGUIS CTPYKTYPHI TOBEPXHOCTU KPUCTATIIIOB C PA3HOBBICOTHBIMU
VHAUEBBIMU MUKpobammiamu (puc. 16). C moMoIibo peHTITeHOCKO-
MUIecKoil HudPOBOIt CUCTEMBI KOHTPOJISI MUKPOCXeM ¢ hyHKIIUEe
tomorpaduu XD7600NT (DAGE Precision Industries Ltd, Bexu-
KoOpuTaHMs) Oblyla IPOBEJAeHA OlleHKAa TOYHOCTU COBMEILICHM S
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Puc. 1. Peaynsmamot uccaedosanuii U usmepeHuil mexHoA02U4eCcK020 npoyecca cOopKu U MOHMAMCa Kpucmannos: a) uzoopaxcerue mukpooamna na POM
(6bicoma oko0a0 9 Mkm); 6) uzobpasicenue MuKpoOAMNOG ¢ UCHOAb308AHUEM ONMUHECK020 hpoguromempa (uzobpaxcenue ha COM); 8) penmeenosckoe
u306paxicenue coemeueHUs MUKpooamnos; ) uzoopaicenue 3a3opa mexcdy Kpucmaniamu é muxkpocoopke na POM (3azop 9 mxm)

Fig. 1. The results of tests and measurements performed at dies assembly and mounting: a) image of microbump obtained by scanning-electron microscope
(height ~ 9 microns); b) image of microbumps obtained using optical profilometer (image on scanning electron microscopy); ¢) roentgenogram of microbumps
registration; d) image of gap between chips in microassembly obtained by raster electron microscopy (gap ~ 9 microns)




MUKpOOaMMoB (puc. 16), a TaKXe OlleHKa CTeNEeHU U30bITOUHOCTHU

NaBJIeHU S MHCTPYMEHTa NP YCTaHOBKe KpuctayioB. boiee Tou-
HOE MOATBEPK/ICHUE CTEMEHN NaBJICHUs MPU YyCTAHOBKE, a TAKXKe
IJIOCKOCTHOCTH KPUCTAJIJIOB MOCJIE YCTAHOBKHU OMPEIEJIEHO C TOMO-
1IbI0 pacTpoBoro anekTpoHHoro mukpockomna FEI Quanta 3D FEG
(puc. le) myTeM U3MepeHU s 3a30pa MEX/1y KpUCTaJldaMu 1Mo 4 yriam
Mukpocbopku. [Tpu aToM pa3zbpoc pazmepoB cocTaBuI A0 1,5 MKM
npu 3a3ope 10 MKM.

Puc. 2. Bamn uz SAC305 ¢ ucxoonsim ouamempom 100 mkm Ha KoHmakm-

Holl naowaoke, nokpsimoii Ni/Au
Fig. 2. Bump made of SAC305 alloy with the initial diameter 100 microns
at contact pad plated by Ni/Au

TEXHOAOIrMM ¥ KOMIIOHEHTBI MUKPO- 1 HAHOSAEKTPOHUKHU

Bbeinu mpoBeneHbl uccaenoBaHUS 10 GOPMUPOBAHUIO, OLIEHKE
npoduis U MPOYHOCTU 6aMTOB (IIAPUKOBBIX BBIBONOB) AUAME-
tpamu 100 1 60 MKM Ha TOBEPXHOCTU KOHTAKTHBIX TJIOIIAT0K TECTO-
BBIX KPUCTAJJIOB C MOKPBITHEM M3 AU U Ha KOHTAKTHBIX MJIOIIAaAKaX
KOMMYTALlMOHHOM MOJJOXKU ¢ TOKpbITUEM U3 ImmSn. B 6onbinH-
CTBE cllyyaeB 0€CKOPIYCHbIE MUKPOCXEMbI OTEYECTBEHHOTO MPOU3-
BOJICTBA MMEIOT KOHTAKTHBIE TJIOAaAKU U3 Al, 4TO 00yCIOBJIEHO
TEXHOJIOTHEIl MPOU3BOJACTBA MOJYNPOBOIHUKOBBIX HHTETPalbHbBIX
CcXeM U UX MocJienyIomeil cOOpKU B TpaAUIIMOHHBIE KOPIyca METO-
JIOM pa3BapKH IMMPOBOJIOKOI. YcTaHOBKA 6aMTIOB U3 ITPUIIOST Ha ajlio-
MWHUEBble KOHTAKTHBIC TJIOMAIKN TpeOyeT HAJIUIMS TMOKPBI-
tust Ni/Au. BamMmbl mpencTaBiasiioT cO00i MPUITOMHBIE TAPUKK
SAC305 (Sn = 96,5%; Ag=3%; Cu=0,5%~T, e = 220°C, T,
= 217°C) nuametrpom 100 mxm (puc. 2, 3). [lns onpeneaeHus

muayca

OIITUMAJIbHBIX q)HBHKO—MeXaHH‘{eCKI/IX InmapaMeTpoOB IIPOBOJAMUJIACH

Puc. 3. Koumakmuoie naowaoxku c 6amnamu uz SAC305 (caeea) u kow-

maxkmHvle naouadku ¢ nokpsimuem Ni/Au (cnpasa)
Fig. 3. Contact pads with bumps made of SAC305 (left) and contact pads
plated by Ni/Au (right)

Modern market of high-performance elec-
tronic devices has been imposing ever more
severe restrictions onto their design. These
structures should not only provide high per-
formance and have minimal overall dimen-
sions, but also provide the highest possi-
ble functionality. Today the most perspec-
tive way to provide higher level functionality
at minimal possible size and maximal speed
of operation is to develop devices in 2.5D and
3D execution using flip-chip mounting tech-
nology [1].

Highly integrated 2.5D and 3D micro-
assemblies are characterized by such pecu-
liarities of design as high density of features
placement, multilayer interconnections,
large number of leads, as well as high reli-
ability of connections. These design pecu-
liarities impose rigid requirements onto
technological processes of assembly and
installation with the aim of obtaining devices
with high and stable percent of yield. Mod-
ern technologies used for obtaining 2.5D
and 3D microassemblies make it possible
to efficiently reduce the area (volume, mass)

occupied by electronics assembly within
hardware [2, 3].

The research has resulted in the devel-
opment of relevant technological solutions
and the determination of design and techno-
logical peculiarities and restrictions related
to flip-chip mounting in the course of highly
integrated 2.5D and 3D microassemblies
production.

Modern assembly equipment (FC150 and
FC300 High Precision) used in the research
makes it possible to perform operations
of chips registration and assembly with high
accuracy in the area of a heated table with
the dimensions 200 x200mm and an upper
clamping tool with the dimensions 50 x50mm.
The tool and the table may be heated up to
450 °C providing clamping force up to 4000N
with 1 gram discreteness, and optical mechani-
cal registration system makes it possible to reg-
ister objects with accuracy up to 0.5 micron.
These parameters of equipment enabled us to
solve such task as registration of 20x20mm
chips with significant design and techno-
logical margin, containing array of bumps

(Fig. 1a) 10 microns in diameter, their number
being 30 thousand pc. per lem” Using contact-
less optical profilometer ContourGT-K pro-
duced by Bruker, an estimation of chip surface
structure profile was performed with multiple-
height indium microbumps (Fig. 16). Using
roentgenoscopic digital system of microcir-
cuits monitoring with tomography function
XD7600NT (DAGE Precision Industries Ltd,
Great Britain) we estimated microbumps reg-
istration accuracy (Fig. Ic), as well as excess
pressure degree of the tool at chips mounting.
More accurate confirmation of pressure degree
at installation, as well as chips flatness after
their installation were determined by scan-
ning-electron microscope FEI Quanta 3D
FEG (Fig. 1d) by measuring gap between dies
at the four corners of microassembly. Mean-
while, the scatter of sizes constitutes 1.5 micron
with a gap equalling 10 microns.

We have conducted research on forma-
tion and estimation of bump strength profile
(solder balls) 100 and 60 microns in diame-
ter at contact pads surface of test dies plated

by Au and at contact pads of switching pads




plated by ImmSn. In most cases unpack-
aged integrated circuits produced domes-
tically with contact pads made of Al were
used, which is caused by technology of semi-
conductor microcircuits manufacturing and
their following installation into conventional
packages using the method of wire solder-
ing. Bumps installation using solder at alu-
minium contact pads requires Ni/Au plating.
In fact, bumps are solder balls made of SAC305
alloy (Sn = 96.5%; Ag =3%; Cu=0.5% —
T =220°C, T = 217°C) 100 microns
in diameter (Figs. 2, 3). To determine optimal

liquidus solidus

physical and mechanical parameters, techno-
logical modes of Ni/Au chemical deposition
at aluminium 100 x100 microns contact pads
were developed and tested. Optimal Ni thick-
ness ranged in value from 3 to 8 microns,
Au thickness — from 0.1 to 0.8 microns.
As a rule, the technological process of coat-
ing by Ni/Au goes on as follows: cleaning, acti-
vation of the surface (removal of natural oxide
layer), zincate treatment, selective nickel depo-
sition and immersion gold deposition. In the
process of ImmSn plating the optimal thick-
ness ranged in value from 0.5 to 1 micron.

AOKAAABI KOH®EPEHIIUU

In the process of bumps formation adjust-
ment at SB2-Jet system developed by Packag-
ing Technologies, an optimal range of solder
balls geometrical dimensions was determined
after their installation at dies contact pads and
at silicon substrates (Fig. 4). In case of ini-
tial bump diameter equal to 100 & 3 microns its
height after installation attains 60—85 microns,
and its diameter ranges in value from 110
to 120 microns. These values were obtained
in different modes of operation. The equipment
makes it possible to install bumps ranging in size
from 40 to 760 microns at the rate up to 10 pc.
per second, with size repetition being +5%.

The research included tests of shear
strength of bumps made of SAC305 alloy from
contact pads at chips with Au plating and from
contact pads on silicon substrates with ImmSn
plating. Investigations were conducted at an
installation for testing microcircuits DAGE
4000Plus. As a result of performed tests
we have concluded that:

1) plating by Ni/Au coating does not cause
stripping from contact pads in the course
of bumps shearing; it provides good adhe-
sion, making it possible to perform further

6|b

Puc. 4. Hzo6pancenue 6amnos SAC305 u ux eeomempuuecxue pasmepol
na POM: a) nodroxcka uz kpemuus ¢ 6aMnamu Ha KOHMAKMHbIX RAOUA0-
Kkax ¢ nokpsimuem Ni/Au; 6) 6ud cO0Ky Ha bamn ¢ yKazaHuem pazmepos;
8) 6U0 céepxy Ha OAMNbL ¢ YKA3AHUEM PA3MEPO8

Fig. 4. Image of bumps made of SAC305 alloy and their geometrical dimen-
sions obtained by scanning-electron microscope: a) silicon substrate with
bumps at contact pads plated by Ni/Au; b) side view of a bump with dimen-
sions indication, c) top view of bumps with dimensions indication

dies installation with bumps within highly

integrated microassemblies. Mean value

of single bump shearing force constitutes
0.7N.

2) in case of plating by ImmSn mean value
of single bump shearing force constitutes
0.5N (Figs. 5a and 5b).

After tests on shearing strength performed
for single bumps, shearing force of chips
(5%5mm in size, thickness 460 microns for
Ni/Au plating, mounted using flip-chip tech-
nology) from silicon switching substrates
(thickness 300 microns) was determined (con-
tact pads with different plating):

1) for plated by Ni/Au, mean value of chip
shearing strength with bumps made
of SAC305 alloy (with initial diameter
100 microns) from silicon substrate consti-
tutes 7.5N (Figs. 6a and 6b);

2) for plated by ImmSn, mean value of chip
shearing strength with bumps made
of SAC305 alloy (with initial diameter
100 microns) from silicon substrate consti-
tutes SN.

Using the results of developed technolog-
ical processes and conducted tests, a method




0Tpa60TKa 1 UCCIE€OAOBAHUA TEXHOJIOTMYECKUX PEXKUMOB XUMHU-

YeCKOTO OCaXJCHUS CTPYKTYpPHl MeTatoB Ni/Au Ha KOHTAaKTHBIE
naomanaku u3 Al pazmepom 100x 100 Mxkm. OniTuManbHast TOJIIMHA
Ni mogbupanach B AuamnasoHe ot 3 10 8§ MkM, TojiiuHa Au ot 0,1
no 0,8 Mmxm. TexHosornueckuii mpouecc GopMUpPOBaHUS MOKPBI-
TUs Ni/Au B 0011eM BUIE COCTOUT U3 MOCJEI0BATEJIbHBIX ONepa-
LM OYUCTKM, aKTUBALLMM MTOBEPXHOCTHU (ylaJeHUsl eCTECTBEHHOIO
OKCHUJHOTIO CJI0sl), HTMHKAaTHON 00paboTKH, CEeIeKTUBHOTO ocax/ae-
HUS HUKEJST U UMMEPCUOHHOT0 ocaXaeHus 3oioTta. [Ipu dopmu-
pOBaHUU NMOKPHITUs ImmSn onTUMabHas TOJIIMHA MOAOUPATacCh
B Auana3oHe ot 0,5 1o 1 MKM.

B npouecce orpabotku popMupoBaHus 6aMMOB Ha KOMILJIEKCE
SB2-Jet pupmbl Packaging Technologies ormpeaesieH onTrUMabHBbI i
IMAMa30H TeOMETPUIECKUX Pa3MePOB IAPUKOBBIX BEIBOJOB MOCTE
YCTAHOBKHU MX HAa KOHTAKTHBIE TJIOIIAAKNA KPUCTAIJIOB 1 KOMMYTa-
LIMOHHBIE MOIJOXKYU U3 KpeMHUs (puc. 4). [Ipu HavaIbHOM auamMe-
Tpe 6amna & = 100£3 MKM, TTOCJIE €r0 YCTAaHOBKM BBICOTA COCTABJISIET
60—85 MKM, a 1uaMeTp HaAXOAUTCsI B Auamna3one ot 110 mo 120 Mxm.
JlaHHbIe 3HaUYEHMS MOJYUYEHBl MPU Pa3IUUYHBIX PeXUMaxX pabOThI.
OOopynoBaHuUe MO3BOJISET YyCTaHABJIMBATh OaMIbl pa3zMepoM oT 40
110 760 MKM co cKOpocCThIo 10 10 IIT. B CEKYH/Y, ITPX 9TOM IMOBTOPSIE-
MOCTb pa3MepoB cocTaBJsieT +5 %.

B paGoTe npoBeeHbI NcCIeNOBaHU S TPOYHOCTH HA CIABUT GAMIIOB
SAC305 nnamerpom 100 MKM OT KOHTAKTHBIX TIJIOIIAI0K KPUCTAJIIOB
C TTOKPBITHEM M3 AU M OT KOHTAKTHBIX TJIOMAJ0K KOMMYTAIlIOHHBIX
MOJIOXEK ¢ TOKPbITUEM U3 ImmSn (Kak anbTepHATUBHOE MTOKPBITHE
30510Ty). MccnenoBanue MpoBOAMIOCH HA YCTAHOBKE TECTUPOBAHMS
mukpocoenuHeHuit DAGE 4000Plus. B pesynbrare uccienoBaHuit
YCTaHOBJICHO:

1) ¢ Ni/Au, NOKpbITHE HE OTCJANBAETCS OT KOHTAKTHBIX IJI01Ia 10K

MpU CABUTE 6AMITOB, UMEET XOPOLIYIO aAre3uio, YTo oOecrneynBaeT

TEXHOAOIrMM ¥ KOMIIOHEHTBI MUKPO- 1 HAHOSAEKTPOHUKHU

BO3MOXHOCTD JajibHEWIIero MOHTaXa KPUCTAJJIOB ¢ GaMIlaMu

B COCTaBe BEICOKOMHTEIPUPOBAHHBIX MUKPOCOOpPOK. CpenHee 3Ha-

YyeHMe CUJIBI cBUTa ogHOro bammna cocrtasujo 0,7 H;

2) ¢ ImmSn, *MMEPCUOHHOE OJIOBO HE OTCIaMBAETCs OT KOHTAKTHBIX
MJIOIIAA0K NPU CABUIEe 0AMIIOB, MMEET XOPOIIYIO aATe3uio, YTO
obecreynBaeT BOZMOXHOCTD laJibHEHIIEro MOHTaXa KPUCTalJIOB
c 6aMInaMu B COCTaBe BHICOKOMHTEIPUPOBAHHBIX MUKPOCOOPOK.
CpenHee 3HaueHMe CUJIbI cIBUTra oqHoro 6ammna coctasuJio 0,5 H
(puc. 5a,0).

IMocne nccnenoBaHuit Ha TPOYHOCTH ONMHOYHBIX 6AMTIOB OTIpeie-
JISLIOCH YCUJTWE CABHUTA KPUCTAJJIOB C pa3MepaMu 5X 5 MM U TOJTIIH-
HOM 460 MKM (ITOKPBITHE KOHTAKTHBIX TJI0MAM0K Ni/Au) OT KOMMY-
TaIMOHHBIX MOMIJIOKEK M3 KpeMHU s TonmuHoi 300 MKM, CMOHTUPO-
BaHHBIX 110 TexHoJoruu flip-chip, ¢ pa3HBIM TOKPHITHEM KOHTAKTHBIX
TJIONIA0K:

1) ¢ Ni/Au, cpenHee 3HaYeHUE BEAMYMHbBI IPOYHOCTU Ha CABUT KPU-
crania ¢ 6amnamu SAC305 (c ucxonHbiM auameTpoM 100 Mxm)
OT KPEMHUEBOM MOAI0XKHM cocTaBuio 7,5 H (puc. 6a,6);

2) ¢ ImmSn, cpeaHee 3HaUeHKME BEJIMYMHBI TPOYHOCTH HA CABUT KPU-
crasia ¢ 6amnamu SAC305 (c ucxonHbiM auameTpoM 100 Mxm)
OT KPEeMHUEBOI MOJIOXKKM cocTaBuio 5 H.

ITo pe3ysbraTaM OTPabOTKM TEXHOJOTUUYECKUX MPOIIECCOB
M ucclieqoBaHUi pa3paboTaHa TEXHOJOTUS COOPKU BBICOKOUMH-
TerpupoBaHHOTO u3nenusi. Ha ocHoBe pa3paboTaHHO TEXHOIO-
TUU U3TOTOBJIEHBI dKCIIEPUMEHTANbHbIE 00pa3Ibl MUKPOCOOPOK
B 2,5D ucnosHeHuun. Mukpocbopka npeacraBisgeT co00il KOM-
MYTAllMOHHYIO MOAJOXKY U3 KPpeMHUs (MHTEPMo3ep) TOMIIN-
Ho#i 250 MKM ¢ mjaHapHbIMU pa3mepaMu 17x17 MM CO CMOHTUDPO-
BaHHBIMU 1o MeTony flip-chip kpucrannsamu. B coctaB MUKpo-
COOPKM BXOAST KPUCTAJIBI C pa3MepaMu 2X2 MM B KOJMYECTBE
2 wT., 3x5 MM B kKosinyectBe 1 mt. 1 10x10 MM B KostnuecTBe 1 1IT.

of highly integrated devices assembly has been
achieved. Basing on the developed technology
experimental samples of 2.5D microassem-
blies were manufactured. In essence, micro-
assembly is a switching substrate 250 microns
thick, made of silicon (interposer) and
with planar dimensions 17 x17mm with dies
mounted using flip-chip technology. Micro-
assembly includes two dies 2x2mm, one die
3x5mm and one die 10x10mm. As four dies
with different thickness are to be placed in one
plane of the microassembly, a tool (techno-
logical tooling) for die gripping with a foot-
stall, manufactured separately for speci-
fied range of packageless microcircuits sizes
and their relative placement on the substrate,
was used. Precise assembly with auto-reg-
istration of dies with the substrate was per-
formed. In the course of thermocompres-
sion profile design, physical characteristics
of microbump material, SAC305 (LF45), were
used, as well as its correction upon measuring
the compression degree by roentgen micro-
scope. In case of initial bump diameter equal
to 100£3 microns, its height after compression
attained 505 microns.

Fig. 7 presents a sample of 2.5D micro-
assembly placed into ceramic-metal pack-
age of CPGA type with chip containing over
500 bumps of SAC305 solder and 100 microns
in diameter.

Upon assembling packageless microcir-
cuits, we have worked out processes of fill-
ing interchips space by superfluid compound
(also called underfill), possessing capillar-
ity effect of flowing into narrow gaps and
providing resistance to the environment
impact. The process was conducted in several
runs using AeroJet MUSASHI Engineering
(Japan) system for filling gaps between sub-
strate and die. The compound in the course
of filling initially accumulates along one
or two sides of the component, where subse-
quently capillary forces displace it to other
sides of the component, resulting in complete
encapsulation of assembly joints underneath.
Relevant parameters were chosen empirically.
The control of filling defectiveness was con-
ducted by means of Sonoscan digital acoustic
microscope (Fig. 8). The compound harden-
ing was conducted in a drying chamber with

specified temperature profile during 3 hours.

The research has made it possible to work
out technological solutions for chemical
deposition for metals structure of Ni/Au and
ImmSn layers on contact pads; for formation
of bumps made of SAC305 at contact pads
plated by Ni/Au and ImmSn; for precise regis-
tration and assembly of dies at silicon substrate
using flip-chip method; for filling the space
under dies with compound.

We have obtained results of tests aimed
at determining design and technological pecu-
liarities and restrictions related to flip-chip
mounting in the course of highly integrated
2.5D and 3D microassemblies production,
in particular:

« optimal Ni layer thickness ranges in value
from 3 to 8 microns, Au thickness — from
0.1to 0.8 micron, ImmSn thickness — from
0.5 to 1 micron;

+ optimal dimensions of SAC305 bumps
with initial diameter 100 microns upon die
mounting on contact pads or on silicon
substrate were obtained, namely: height
60—85 microns, diameter 110—120 microns;
upon die mounting on substrate bump the
height attains approximately 50 microns;
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Puc. 5. Pe3yabmamui uccaedosanus npounocmu Ha cosue bamnos SAC305 ouamempom 100 mxkm na POM: a) usobpaxcenue 6amnog Ha KOHMaKmHolX nA0-
waodkax KpemHuesol nooaoxicky ¢ nokpvimuem ImmsSn; 6) uzoopaxcenue KOHMAKMHBIX RAOWAO0K ¢ noKpuimuem ImmSn nocae pazpywaroueeo 8030eii-
cmeus 6amnos Ha cogue (6vldenenvl @ pamKy)

Fig. 5. The results of chip shearing strength tests with bumps made of SAC305 alloy and 100 microns in diameter obtained by scanning-electron microscope:
a) image of bumps at contact pads at silicon substrate with plating by ImmSn; b) image of bumps at contact pads at silicon substrate plated by ImmSn after
destructive shearing effect on bumps (outlined by a frame)
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Puc. 6. Pezynvmamut uccaedosanus npouHocmu na cosue kpucmannog ¢ oamnamu SAC305 na POM: a) uzobpaxcenue bamna Ha Koumakmuoui naouaoke

kpucmania c nokpsimuem Ni/Au nocae cosuea; 6) uzodpaicerue KOHMAKMHOU NAOWAOKU ROOA0JCKU ¢ nokpbimuem Ni/Au nocae coguea
Fig. 6. The results of die shearing strength tests with SAC305 bumps obtained by scanning-electron microscope: a) image of bump at chip’s contact pad plated
by Ni/Au after shearing; b) image of substrate’s contact pad plated by Ni/Au after shearing

TTocKkoJbKY B OHO# MJIOCKOCTH, B JaHHOW MUKPOCOOPKE, TOJXKHBI dbusnyeckre xapakKTepucTUKU MaTepuasa Mmukpodbammnon SAC305
pacnojiaraThcs 4 KpucraJlijia ¢ pa3HOM TOJIIMHOM, UCIOJIb30BaJICS (LF45) u KoppeKTUPOBKA €ro Mnocjie M3BMepeHU il CTeNeHU ClaBIM-
WHCTPYMEHT (TeXHOJIOTMYecKasi OCHACTKa) AJIsl 3aXBaTa KpUCTaJ- BaHUSI B PEHTTEHOBCKOM MUKpockKorne. [Ipu HavaibHOM nuame-
JIOB C MTbEIECTaIOM, U3TOTOBJICHHBIM OTACIBHO O] ONpeAe/ICHHbI i Tpe 6amna & = 100+£3 MKM, rocjie TEPMOKOMIIPECCUM €T0 BBICOTA
MHMana3oH pa3MepoB OECKOPIYCHBIX MUKPOCXEM U B3aUMHOTO pac- nmocturia 50+£5 MKM.

TMOJIOKEHUW ST UX Ha TTOJJIOXKKe. BbUI TpoBeeH Mpelu3noOHHbIIf MOH- Ha puc. 7 npencrapieH oopasen; 2,5D MUKPOCOOPKM, YCTAHOBJIEH-
TaX C aBTOCOBMeEIIIEHWEM KPUCTAJIJIOB U MONJIOXKH. [Ipn mocTpoe- HO# B MeTajimoKepaMuueckuit kopnyc tunna CPGA ¢ kpucTaiioMm,

HUU TEPMOKOMTIIPECCUOHHOTO TTPOMUIIS TIpollecca UCIOTb30BaINCh umetomuM 6omnee 500 6ammos u3 mpumost SAC305 nuamerpom 100 MKM.
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Puc. 7. Obpazey 2,5D mukpocbopku: a) KOMMYMAYUOHHASL NOON0NCKA U3 KPEMHUSI CO CMOHMUPOBAHHBIM KPUCMAANOM, umetouum 6osee 500 bamnos;

0) 2,5D mukpocbopka é memannoxkepamuueckom kopnyce muna CPGA

Fig. 7. Sample of 2.5D microassembly: a) silicon substrate with installed die containing over 500 bumps; b) 2.5D microassembly in ceramic-metal package

of CPGA type

Tlocie mpoBeaeHU s MOHTaXa 6eCKOPIYCHBIX MUKPOCXEM OBLITU
oTpaboTaHbl MPOLECChl 3aMOJHEHUS MEXKPUCTAJIbHOTO MPO-
CTPAHCTBA CBEPXTEKYYMM KOMITAYHIOM (B TUTEpaType MCIIOIb3y-
etcst tepMuH underfill), o6magaromuM KanuIIpHBIM 3 deKToOM
3aTeKaHWs B y3KHE 3a30PHl U 00eCTeYrBAIOIINM HAeXKHOCTh MTPU
BO3IEMCTBUU OKpyXalomeil cpeabl. 3a1BKa KOMIAYHIOM OCY-
LIECTBISIIACh B HECKOJIBKO MMPOXOA0B C MOMONIbIO KOMTIJIEKCa s
3aT0JIHEH U 3a30pa KOMMAyHAOM MEXAy MOAJTOXKON U KpucTai-
nom AeroJet MUSASHI Engineering (Sinmonwust). [1pu aToM Komna-
YH] TIpU 3aMOJHEHU U U3HAYaIbHO CKalJMBAETCs BIOJIb OTHOM MK
IBYX CTOPOH KOMIIOHEHTAa, Tie 3aTeM KalUuJJISpHble CUJIbI Mepe-
MeIaloT ero K IpyruM cTOpOHaM KOMITIOHEHTA, B pe3yjbTaTe 4ero
MOJTHOCTBIO TEPMETU3UPYIOTCSI MOHTAaXXHBIC COSTUHEHUST O HUM.
TTapamMeTpbl MoaOUpauCh ONBITHBIM NyTeM. KOHTposb feeKTHO-
CTH 3aTIOJTHEHU ST TPOBOAMJICS HA IMGPOBOM aKyCTUIECKOM MUKPO-
ckorie Sonoscan (puc. 8). OTBepxXaeHUE KOMITaAyHIa OCYIIIEeCTBISI-
JIOCh B CyIIMJIBHOM 1IKady ¢ 3aJaHHBIM TeMTIEPATyPHBIM ITpobuieM
B T€UeHUE 3 4acoB.

B pamkax paGoThI yCIEITHO OTPAOOTaHbI TEXHOJOTUYECKHE pellie-
HUS 1O XMMUYECKOMY OCaXJIECHUIO CTPYKTYphl MeTalsoB Ni/Au
1 ImmSn Ha KOHTaKTHBIE TUIOUIAAKH, IO GopMUPOBaHUIO 6aMIIOB
SAC305 Ha KOHTaKTHBIX riolaakax u3 Ni/Au u ImmSn, no npenu-
3MOHHOMY COBMEILEHMIO U MOHTaXy KPUCTAJJIOB HA KPEMHUEBYIO

+ average value of shearing force was deter-
mined, making 0.7N for bumps made
of SAC305 with initial diameter 100 microns
from contact pad plated by Ni/Au, and 0.5N
for contact pad plated by ImmSn;

« average value of shearing force for dies with
bumps made of SAC305 with initial diam-
eter 100 microns from silicon substrate with
contact pads plated by Ni/Au made 7.5N,

for those plated by ImmSn — 5N. REFERENCES

Basing on the developed technology for 2.
assembly and installation of packageless
microcircuits using flip-chip method, experi-
mental samples of 2.5D microassemblies were
manufactured, which are in essence silicon
substrates (interposer) 250 microns thick and
with planar dimensions 17 x17mm with four
types of dies mounted by flip-chip method.

TOIOXKY 110 MeTony flip-chip, 1o 3a1MBKe KOMIayHI0M ITPOCTpaH-

CTBa O]l KPUCTAJJIAMMU.

[Mony4yeHsl pe3yIbTaThl UCCIICAOBAHNI, HATIPABICHHBIX HA OTIpe/ie-
JIEHUE KOHCTPYKTUBHO-TEXHOJOTMYECKNX OCOOEHHOCTEI 1 OrpaHuye-
Huii flip-chip MoHTaXa KpUCTaIJIOB B IPOU3BOJCTBE BHICOKOMHTETPU~
poBaHHBIX 2,5D 1 3D MUKpOCOOPOK:

* TonmuHa Ni onpeaesicHa B Auana3oHe oT 3 10 8 MKM, TOJIIMHA
Au ot 0,1 10 0,8 MM, Touaa ImmSn ot 0,5 10 1 MKM;

* ontumalibHble pazMepbl 6aMnoB SAC305 ¢ UCXOMHBIM TUAMETPOM
100 MKM mocJie yCTaHOBKM Ha KOHTAKTHBIE TIOLIAIKK KpUCTaljia
UM KPEMHUEBOU MOATOXKHU COCTaBMJM: BbicoTa 60—85 MKM,
nuametp 110—120 MKM, Mocjie MOHTaxa KpUcTajia Ha MOAJTOXKY
BbICOTA OaMIia JOCTUTAET 0KOJI0 SO MKM;

* cpenHee 3HaueHMe ycuaus caura 6ammnoB SAC305 ¢ UCXOIHBIM
nuaMeTpoM 100 MKM OT KOHTaKTHOM TJIOMIAIKU C TTOKPBITUEM
Ni/Au coctraBuio 0,7 H, ¢ mokpeitieM ImmSn cocrasuio 0,5 H;

* CpeaHee 3HaAYeHMe YCUJIMS CIBUTa KpUcTasaoB ¢ bammamu SAC305
¢ UCXOOHBIM nuamMeTpoMm 100 MKM OT KPEMHUEBOU MOAJTOXKMI
¢ KOHTAaKTHBIMU TTomaakamu u3 Ni/Au coctaBuisio 7,5 H, ¢ koH-
TaKTHBIMHU TJIomaakaMu u3 ImmsSn cocraBuio 5 H.

YcTaHOBJIEHO, YTO MOKPHITHE IMmSn Ha KOHTaKTHBIX TJIOLIaAKax
noa MoHTax 6amnoB SAC305 crtocoOHO CTaTh a1bTEPHATUBHBIM Bapu-
aHTOM MoKpbITHIO Ni/Au.
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Puc. 8. Pezyromamor konmpons 3anoaHenus KOMnayHoa noo Kpucmainamu Ha yabmpaszeyko8om MUKpocKone: a) uzobpaicerue oopasya c oegpekmamu
nod 6oavuwum kpucmannom ¢ pazmepamu 10x 10 mm; 6) uzobpaxicerue 00pazya ¢ 3a1U8K0H KOMRAYHOA n00 Kpucmaniamu 6es deghpekmos

Fig. 8. The results of control of compound filling under dies using ultrasonic microscope: a) image of sample with defects under large chip 10x 10mm; b) image
of sample filled by compound under chips without defects
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