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Abstract

We have designed and built a LCP-based flip-chipkpge
using Z-interconnect building blocks for reliahjlitand
electrical performance. Manufacturing a Z-intergactn
substrate involves building mini-substrates (submgosites)
of 2 or 3 layers each, then assembling several-snibstrates
together to make the finished product. “Z-intemect” is
used to connect metal layers vertically, using adcative
adhesive. Z-axis interconnection was achievedgugiming
cores. Through holes in the joining cores, fornbgdlaser
drilling and having diameters 60 microns, weresfillwith an
optimized, electrically conductive adhesive. Thehexive-
filled joining cores were laminated with circuitizesub-
composites to produce a composite structure.
temperature lamination was used to cure the adhesithe
composite and provide Z-interconnection among
circuitized sub-composites. Designing and manufatjuthe
mini-substrates separately makes it possible toahigl
manufacture substrates with no via stubs, very |@ss-
materials, nearly arbitrary transmission line dues and lots
of flexibility to tune features to reduce signat$o Here we
are using 5 sub-composites with 16 metal layensluding 3
0S2P joining cores, 2 2S2P signals cores, platpdearoon top
and bottom and embedded resistance on layer 7. &ath
composite (0S2P/2S2P) made with high and low nwajioint
LCP. There was no de-lamination of conductive aidkes
filled LCP samples after pressure cooker test (PGHd
solder shock. Evaluation criteria for the test wekhiwill

include its ability to perform as a reliable, maamtiirable, Typical Stack-up Densities:

Hid®l

allows for metal-to-metal z-axis interconnection efib-
composites during lamination to form a compositeicitire
[1-5]. Conductive joints can be formed during laminatio
using an electrically conductive adhesive. As ailtesne is
able to fabricate structures with vertically-teratid vias of
arbitrary depth. Replacement of conventional platedugh
holes with vertically-terminated vias opens up #ddal
wiring channels on layers above and below the temted vias
and eliminates via stubs which cause reflectivanaligoss

[6,7].

More and more substrate designs require signalfs plaat can
handle multi-gigahertz frequencies. The challendes
ganic substrates, in meeting these electricaliireapents,
Include using high-speed, low-loss materials, macufing

tharecise structures and making a reliable finishemtipct. In

addition, many high-speed chip packages have mexdiand
environmental requirements like lightweight and Jowisture
absorption. One material that meets all of thesg@irements
is a Liquid Crystal Polymer (LCP) dielectric whibas unique
combination of features and performan@. [ Due to its
design flexibility, lighter weight and especiallyerimeticity,
LCP-based Z-interconnect has potential to be a réble
alternative to low temperature co-fired ceramic @QQ)

substrates. In addition, the lower dielectric ¢ansof LCP
can reduce crosstalk and noise coupling comparad €@C.

Figurel shows advantages of LCP structures.

Drawing is to scale

high-performance substrate. Results will be coeghato Ceramic stkup 3.2 g/lcm3 Er=5.9
typical ceramic and PTFE chip packages and tHIFE stack-up 3.0 g/cm3 — —
improvements over ceramic will be noted. LCP stack-up 2.5 g/lcm3
Typical Material Densities: Ceramic
1. Introduction Ceramic 2.5 g/cm3 50-ohm vs.
The needs of the semiconductor marketplace contiouePTFE 2.1 g/lem3 g{ganic
LCP 1.4 glcm3 -ohm

drive density into semiconductor packages. The ldgt of
this market appears to be standard Application-Sipec
Integrated Circuits (ASICs), structured ASICs, ahitld- Figure 1 Advantages of LCP: Lightweight, High
Programmable Gate Arrays (FPGAs). These devicesnee Signal Density

to need increasing signal, power, and ground dispand a

corresponding decrease in pad pitch is requirethamntain In the present paper, we design liquid crystal pely
reasonable die sizes. The combination of thesenmais is (LCP) based test vehicle (TV) using the Z-interazgtn
pushing complex semiconductor packaging designgyilding blocks, to make new RF structures. The kvaas
Traditionally, greater wiring densities are ach@véy jnyolved to optimize dielectric and conducting asiie
reducing the dimensions of vias, lines, and spanesgasing materials for the structures. High and low maltpajnt LCP
the number of wiring layers, and utilizing blinddaburied pgsed sub-composites Overall, this effort is aregrited
vias. However, each of these approaches possessemh approach centering on three interrelated fronts:ngaterials

limitations, for example those related to drilliagd plating of  gptimization, (2) fabrication, and (3) electricarformances
high aspect ratio vias, reduced conductance obnecircuit  at the package level.

lines, and increased cost of fabrication relatechdditional
wiring layers. One method of extending wiring dénbieyond
the limits imposed by these approaches is a sirategt



2. Experimental Procedure

Z-interconnect Construction

The name “Z-interconnect” is short for Z-axis
interconnect. Conductive, adhesive paste is usetbhnect
thin substrates together, enabling versatile stgsk-that
eliminate via stubs. This construction allows viastart and
stop on any layer. In addition, designs can beamaith Z-
interconnect, that include controlled impedancednaission
lines with a range of line widths from narrow torywevide.
Figure 2 shows an example stack-up with various line widths
and signals types and with no via stufjs [

Red = RF signals Gray = all other signals

©

Purple=digital Dk Gray = Z-interconnect joints
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Figure2 LCP Z-interconnect Stack-up

The general methods and processes used to build a Z
interconnect substrate are described in previopgnsapR,5].
A summary is shown below highlighting the LCP miatier

The main building blocks are a plane-plane (0S2i§g c
and a signal-plane-plane-signal core (2S2P). diméng core
is the name of the 0S2P because it has a conductiste
which allows it to attach to the 2S2P signal coréke joining
core starts with an off-the-shelf copper-clad leatén Then

shapes and lines are etched into the copper ondid#is. A

layer of dielectric and copper is laminated to bsittes of the (E)

etched plane-plane core and then holes are dthiedigh the Figure 3: Fabrication of joining and signal cores (A) Etch 2P
structure. Lastly, the hole is filled with condivet paste and core; (B) Drill laminated 2P core; (C) Paste fdlilled 2P
the outer copper is etched away, yielding a 0Sa#nig core. core; (D) Etch laminated 2P core (E) Drill and tela
These steps are sketchedFigure 3A-C. laminated 2P core

The 2S2P signal core process starts the same &Sgie
core, up to attaching the dielectric and metal igye the 2P
core. At the next step, instead of drilling, thees copper is
etched to create all the signal features. Latiig,holes are
(A) drilled and plated to make the 2S2P cdfegire 3D,E). The
0S2P and 2S2P building-blocks are combined to naake
interconnect stack-up ( séégure4).




Figure4: Z-interconnect composite stack-up

In combination with blind and buried viag-{gure 5), the
signal and joining core building blocks allow arhily via
connections starting at any layer and ending atayer.

Figure5: Buried and blind vias in core

Discrete embedded capacitors and resistors carddedato
most layers in the stack-up. Barium titanate—flpaigmer
can be used for embedded capacitance lay@rsPrintable
barium titanate nano-composites or thick film resis or
resistor foil are typically used for discrete emtbed passives
[10]. (Figure6)

Re=istor

Figure 6: Embedded capacitance layer and embedded
discrete caps and resistors

Test Vehicle Design

Test vehicles were designed using Z-interconneitdibg
blocks. The main features, of the design, wereh®- RF
structures in a range of line widths. Striplinustures were
design using both narrow and very wide lines, ~5Caumd
~300um respectively. Co-planar structures were a@signed
using approximately the same narrow and wide lindths.
Transmission line structures are showirigure 7.

57um 48um

290um 210um

Figure7: Test Vehicle Transmission Line Structures

In order to achieve these structures in this stgrki16
metal layers were used, including 3 0S2P joiningesp 2
2S2P signals cores, plated copper on top and boénth
embedded resistance on layer 7. Each dielectyier lavas
about 50um (2mils) thick. The stack-up used allPLC
dielectric materials, combining copper-clad lamasatand
bond-films to achieve the final stack-up ( $8gure 8 ). The
total thickness of the stack-up was slightly lelsant 1mm.
LCP dielectric specifications are Dk = 2.9 andtan0025.



conductive paste electrically connects copper paulsthe

e 2S/2P cores that reside on either side of the 08¢2€. Two
signal layers are added to the composite structach time
one adds an additional 2S/2P core and an addit@842P
core. A structure with four signal layers composéélve sub-
composites (two 2S/1P cores and three 0S/1P cizreBpwn
schematically in Figure 2. Although this particular

— construction comprises alternating 2S/2P and 08626, it is
possible to place multiple 0S/2P cores adjacemaith other
in the stack. The adhesive-filled joining coreseviaminated
with circuitized sub-composites to produce a coritpos
structure. High temperature/pressure lamination used to
cure the adhesive in the composite and provide Z-
=S 1 C__JC L interconnection among the circuitized sub-compssite
Photographs show an adhesive-filled 0S/2P joinig @rior
to lamination. Figure 10 shows optical photographs of a
joining core having paste-filled holes with a didereof 60

Figure8: LCP Dielectric Final Full Stack-up um. Paste joints were formed using conductive paR&ste
formed a bond with metal pads on sub-compositeseabad
3. Results and Discussion below the joining core.Figure 11 shows a completed Paste

All-LCP z-interconnect test vehicle has a few bigltenges. joint connecting ground planes together.
The challenges include processing LCP in a sub-ositgy
forming a good conductive paste connection andndill
clearances during lamination steps. Sub-compositese
successfully built after developing optimum proces
parameters. As a thermoplastic material, LCP reguia
narrow range of temperature and pressure to lamin
properly. Figure 9 shows a LCP sub-composite panel.

Figure9: LCP Sub-composite Panel

The second building block in this LCP study is d205
core. This core is constructed using a high tentpera
malting LCP power core, sandwiched between layérew
malting LCP material. Through holes in the core fited
with an electrically conductive adhesive. By alsding 2S/2P
and 0S/2P cores in the lay-up prior to laminatidhe




Figure 10: Photographs of adhesive filled joining core prio

to lamination.

Figure 11: Conductive paste joint in LCP parts.

Work is continuing in optimizing a process for fina
lamination of the sub-composites. Sometimes, dufinal
lamination, excess flow of LCP material cause afahation
and buckling in some layerBigure 12 shows cross section of
chip carrier taken from different area. It showssinof area
has maintained well laminated stack-up except gleoof
layers.
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Figure 12: Cross-section of Final LCP Stack-up (inset:
top view)

A similar test vehicle with Teflon-based materiahtains the
wide transmission-line structures shows very logsld-igure
13 shows insertion loss for a 1.1” stripline, linediti 270um.
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Figure 13 : 270um Width Transmission Line loss for Teflon
based TV(similar results expected for LCP TVs)

Conductive adhesives are of little value unlesy tban
survive the same rigors of testing that modulesboards
would receive. Multilayer LCP laminate and adhediled
multilayer LCP laminate was used for reliabilitystieg.
Reliability of the laminate was ascertained by PEi@l solder
shock. For PCT, samples were exposed to 100% hiymidi
with a constant pressure of 19 PSI at $21 Samples were
stable after reliability test and there was noatathation after
PCT and solder shock. Laminates were also expas&LCT
(2 hrs) followed by a 15 seconds solder dip at 260



Sometimes PCT and solder shock cause de-lamination References

general, solder dip/shock pick up the PCT defeotsiaduce
de-lamination. Here de-lamination propagates thnotige
LCP, not through the adhesive.

4. Conclusions

LCP sub-composites were built successfully. Cotideic
paste filled the appropriate drill hole and formadstrong
conductive, adhesive bond. Final lamination of L&Wb-
composites requires specific processes and tightraloof
temperature and pressure.
lamination is ongoing.

Z-interconnect substrate structures with low-losgaaic
materials such as Teflon, have electrical lossgoerdnce that
compares favorably to LTCCrigure 14 shows loss of a
270um width transmission line in a Teflon-basedladigic
material. Analysis and simulation of LCP-based ssuttes
predict that LCP structures will be even lower Idbsn
Teflon. [6,7,11]
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Figure 14 Teflon Z-interconnect Comparison to Ceramic

4. Conclusions

LCP based Z-interconnect substrate, with largeratezs in
planes and embedded resistors, can be built witficisnt
flatness on subsequent metal layers. Using 0S2P2&adP
building blocks, a nearly arbitrary stack-up of reits and
planes can be built. High aspect ratio, small diemé-60
um) holes were successfully filled with silver-filedhesives.
Conductive joints were stable after pressure cootest
(PCT), and solder shock. The adhesive-filled jagnirores
were laminated with circuitized sub-composites todpice a
composite structure. High temperature laminatios wsed to
cure the adhesive in the composite and providdestaddiable
Z-interconnections among the circuitized sub-conipes
Future work involves optimizing a process for laating
multiple LCP sub-composites.  Additional steps el
electrical testing of a full LCP stack-up and metbal and
reliability tests.

Acknowledgments
The authors acknowledge the valuable contributafns.
Markovich, F. Marconi, F. D. Egitto, M. Shay andRpp.

1.

Optimization of LCP Ifina

10.

Das R. N., Egitto F. D., Markovich V. R., “Nano-can
Micro-Filled Conducting Adhesives for Z-axis
Interconnections: New direction for high-densitigh:
speed, organic microelectronics packagi@gtuit

World 2008,34(1),3-12

Rowlands M. and Das R.N., “Manufacture and
Characterization of a Novel Flip-Chip Package Z-
interconnect Stack-up with RF StructurésTAPS
(International Microelectronics and Advanced
Packaging Society) 40th International Symposium on
Microelectronics(November11-15, 2007)pp. 758-763.
Rowlands R. and Das R.N., “Electrical Performarice o
an Organic, Z-interconnect, Flip-Chip Substrai@th
Electronic Components and Technology Conference
proceedinggMay 29 — Junel, 2007)pp346-351.

Das R. N., Papathomas K., Lauffer J., and Egiti,F.
“Influence of Nanopatrticles, Low Melting Point (LNIP
Fillers, and Conducting Polymers on Electrical,
Mechanical, and Reliability Performance of Micrdlédl
Conducting Adhesives for Z-Axis Interconnectiodisth
Electronic Components and Technology Conference
proceedinggMay 29 — Junel, 2007)pp74-84.

Egitto, F.D., Krasniak, S.R., Blackwell, K.J., and
Rosser, S.G., 2005, “Z-Axis Interconnection for
Enhanced Wiring in Organic Laminate Electronic
Packages,Proceedings Fifty-Fifth Electronic
Components and Technology Conferemday 31 to
June 3, 2005, Lake Buena Vista, FL (IEEE, Piscayawa
NJ, USA),(2005), pp. 1132-1138.

McBride, R.D., Rosser S.G., and Nowak R., “Modeling
and Simulation of 12.5 Gb/s on a HyperBBRackage”
IEEE / CPMT / SEMI Int'| Electronics Manufacturing
Technology Symposiyuly, 2003.

Rosser, S., and Rowlands, M., “Simulation and
Measurement of High Speed Serial Link Performance i
a Dense, Thin Core Flip Chip Packagaoc 56"
Electronic Components and Technology Cofidy

2006.

Thompson D.C.,Tentziis M.M.,Papapolymerou J.,
“Packaging of MMICs in multilayer substratd&EE
Microwave and Wireless components
letters2006,16(7)410-412.

Das R. N., Egitto F. D., Lauffer J., Markovich V,R.
“Laser Micromachining of Nanocomposite-Based
Flexible Embedded Capacitors7th Electronic
Components and Technology Conference proceedings
(May 29 — Junel, 2007)pp435-441.

Das R. N., Lin H., Papathomas K., Lauffer J., Qdrd
Markovich V. R., “Printable Nanocomposites for
Advanced Organic Packagirifth Electronic
Components and Technology Conference proceedings
(May 29 — Junel, 2007)pp316-322.

Audet, J., Cranmer, G., et al, “Design Optimization
Isolation in High Wiring Density Packages with High
Speed SerDes Linkd$?roc 58" Electronic Components
and Technology ConMay 2006.



