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Development of Microwave Multilayer Plastic-Based
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Abstract—We present the design and development of multilayer to interface with low cost FR-4 boards at the second level
plastic-based multichip modules (MCM) at microwave frequen- ysing industry standard assembly. These recent developments
cies. A vertical feed-through interconnect, which consists of em- of the multilayer organic based MCMs have made significant
bedded copper wires in plastic, has been developed to transport .

RF/microwave and dc signals from the first to the second pack- progress and Qeared this technol_ogy to m.eet_ the demand for
aging level. The development of this vertical feed-through enables high-volume wireless communications applications.

plastic modules to be configured in a surface mount topology that  In this paper, we present the design and development
can be interfaced with low cost FR-4 boards using ball grid ar- of surface mount plastic MCMs at microwave frequencies.
rays (BGA). The experimental analysis results demonstrate that We demonstrate the design and development of the vertical
this vertical feed-through used with BGAs has ultra-low parasitics - .

and achieves a return loss of greater than 20-dB at 4-GHz. In addi- feed-through that enables the mllcrowave plastic modulle to be
tion, we demonstrate a number of packaged active microwave cir- mounted on an FR-4 board using BGAs. The experimental
cuits including a switch, a low noise amplifier (LNA) and a power analysis demonstrates that this feed-through achieves a return
amplifier using the plastic module technology at microwave fre- |oss of greater than 20-dB at 4 GHz. In addition, we demon-

quencies. strate several packaged microwave circuits including a low
_Index Terms—BGA, MCM, microwave, package, plastic, ver- noise amplifier, a switch, and a power amplifier using this
tical interconnects. plastic module technology.

|. INTRODUCTION Il. PLASTIC MCM TECHNOLOGY

T H_EhC(_)NlTINUEDI_gro_Wth ﬁf personal c(;)mmunic%tions The multilayer plastic-based MCM maintains the same
‘ wit blvwre gsﬁ arﬁp_lcat|ons das generated a greaé em ic processing and structures that provide this technology
or portable and highly integrated components and su SySte'Pi‘iﬁ‘h-density integration, excellent electrical and mechanical

As a consequence, these applications challenge EIeCtrorH‘e‘ﬁormance [2], [5]. Fig. 1 shows a typical cross section of the

packaging technologies to integrate smaller, lighter, high-deny ijaver MCMs with ICs embedded under thin-film intercon-

sity, mixed integrated circuits (ICs), reproducible, and Iow-co§i cts. In the COF technology, bare chips and feed-throughs are

packages or modules [1]. Three-dimensional (3-D) integrF’n’ounted face down onto an adhesive coated polymer film that

that is Izserﬁrilled ]flo form a cavit;;] reclzess for hqusindq 'CZ' i cured to form the substrate around the ICs and feed-throughs.
199|6' t i chip-on-flex t()COF) tecd r:o Ogydwl‘las |r_1tr:o Iuce_ ®he structure is then removed from the platen and flipped over
replace the ceramic substrate and laser drills with plastic &8 thin-film interconnect integration as reported in [2]-[5]. A

capsulation [5]. In the COF technology, ICs are encapsulatedtmermal plug using high thermal conductance material such as

plastics and followed by the same multilayer interconnect prayy o copper can be attached directly to the exposed backside

cgssin.g. Recently, a vert@cal feed-thrOL_lgh consisting of COPRg igh power ICs, either prior to the placement onto the film

wires integrated in plast_|c encapsulation has.been. develo_%‘?(rust prior to molding the substrate. After the encapsulation

ggzns_trr;lct the T;‘éuf |n”surfa;:1e mount conf|giurqt|ons (;JSII ocess and thin-film integration, the plastic encapsulant at the
S. Iheuseo s allows the microwave plastic modulgg, .y sige of the package is ground until the feed-throughs are
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Fig. 1. Cross section of a “chips on flex” (COF) plastic module with vertice
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| ig. 3. (a) Schematic representation of the actual test structure including two
|I:"|| Fig. 3 Sch ti tati f th tual test struct including t

vertical feed-throughs and an FR-4 CPW line. The CPW on plastic iq@00-

wide center conductor separated from 26®-wide ground planes by 60m

gaps. The CPW on the FR-4 board is 7@@+wide center conductor separated

_ ) ) ) from 900u:m wide ground planes by 90m gaps. (b) Cross section of the

Fig. 2. Actual multilayer plastic-based MCMs fabricated at GE/Lockheegertical feed-through connecting the plastic module to an FR-4 board. The

Martin. The two plastic modules are mounted on a FR-4 board using sol@gameter of the vertical feed-through is 26@. The signal is separated from

balls. the two vertical grounds of the feed-through by 42®- The diameter and
height of the solder balls are 250mn and 380=m. (c) Side view of the vertical

As an example of plastic package reliability, the GE/Lockheéalerconnect structure.

Martin COF plastic packages have withstood 950 thermal cycles

from —40°C to 125°C and 1000 h at 85% relative humidity atof 2504:m and 380xm, respectively, are used to interface the
85 °C. For insertion into wireless applications, which are usgslastic module with an FR-4 board in a coplanar waveguide
in widely varying environments, reliability of plastic packagingopology. For testing purposes, SDCPW lines are designed

will be of paramount importance. on 564:m Kapton/BCB interconnect layers to launch RF/Mi-
crowave signals from microprobes. In addition, aB@PW
lll. VERTICAL FEED-THROUGH line has been fabricated on an FR-4 to investigate several dis-

Fig. 2 demonstrates a plastic module fabricated at GE/Locd&@ntinuities in the transition.
heed Martin for microwave applications. The vertical intercon- The test structure is measured using a network analyzer HP
nection structures fabricated in this plastic module consist 8610C and an on-wafer probe station. Prior to measurements,
several parts as shown in Fig. 3(a)—(c). The conventional0- thru-reflect-match (LRM) on-wafer calibration is performed
x 50-um stacked via technology is used to provide the transising microprobes and an impedance standard substrate (ISS).
tion for RF/microwave signals from organic interconnect layefthe measurement reference planes result at the probe tips
to a plastic base carrier [6]. These stacked vias are fabricatefter calibration. Fig. 4(a) and (b) demonstrate the measured
a coplanar waveguide (CPW) configuration with the gaps det&-parameters of the test structure, which includes CPWs on
mined by the vertical copper wires. The feed-through transpoKapton/BCB, stacked vias, feed-throughs, solder balls, and a
both RF and dc signals through the plastic carrier to the secd@BW on the FR-4 board. The measured return loss of greater
packaging level using solder balls. This vertical feed-throughan 20-dB up to 4-GHz indicates a good matching for a
is developed using a CPW configuration with a 24®-center 50! microwave system. Since each component has been
conductor separated from the grounds by 400-gaps. These optimized to have a 50 match, the measured 20-dB return
dimensions have been optimized to achieve d@X5€haracter- loss demonstrates that the parasitic induced in the entire vertical
isticimpedance. Solder balls, which have a diameter and heighterconnection is minimal up to 4-GHz.
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Fig.4. (a) Measured and modeled return loss of the test structure which includés @@ CPW line and two vertical interconnects. (b) Measured and modeled

S51 of the test structures.
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Fig. 5. Equivalent circuit model for the feed-through and solder bumps.

An equivalent circuit, shown in Fig. 5, has been developed to TABLE |
investigate the vertical transition. The Kapton/BCB and FR-4 PERFORMANCE OF ANLNA
CPW transmigsion lines are modeled using an electromagneti f s T Gain (@B) | Gain (dB) NF (dB) NF (dB)
simulator, which outputs the results $iiparameter format [7]. (GHz) Packaged | Un-packaged | Packaged | Un-packaged
The lumped elements are used to model the general behavior }g }‘5‘-2 1235 gz ;i
the vertical interconnect including stacked vias, copper wires —g 140 155 o 31
and solder balls. The equivalent circuit is developed based upc _1.9 133 15.5 3.1 3.1
the concept of excess charges in a vertical transition [8]. In oL —22 1.1 14.5 3.1 3.1
test structure, there are two primary vertical discontinuities:

1) Kapton/BCB CPWs to stacked vias; and integrated in the plastic module. The plastic module size

2) solder balls to FR-4 CPWs. is 25 mm by 0.76 mm, which includes a number of calibration

The lumped capacitors in the circuit characterize charge dergfructures. The microstrip MMICs were fabricated at Lockheed
ties that are nonuniformly distributed, resulted from the vertic®anders with a 0.m gate MESFET technology on a 12/r
transition. The inductor represents the inductance inducéick GaAs substrate. These packaged MMICs have been char-
from high-frequency currents traveling through the vertic&cterized in the frequency band of 1.60 GHz to 2.0 GHz. Table |
structures. The lumped elements are tuned using a microw&@mnonstrates measured results of the LNA. We observed some
CAD tool [9] until the modeled and measured S-parametegi€gradation in the performance of the packaged devices. For the
are correlated as shown in Fig. 4(a) and (b). The lumped circéwitch and LNA, the gain versus frequencies is shifted lower
model then represents the discontinuities of the signal transitiey; about 0.2 GHz and the peak gain is reduced by approxi-
through a vertical feed-through. In addition, the behavior #hately 1 dB as shown in Fig. 6. However, the noise figure main-
this lumped circuit represents capacitive characteristics, whitgins within the specifications compared to bare MMICs. The
indicate the excess charges at the transition. The model dem@igp-off is caused by the polyimide coating/interconnect above
strates minimal induced parasitic from the transition, which t§e MMICs. The polyimide coating in this case is approximately

key to transport microwave signal and preserve its integrity. 12-:m thick. Above this coating is approximately 70n of
polyimide interconnect. Both layers have a dielectric constant
ranging between 3.00 and 3.30. This polyimide overlayer can
produce detuning of the matching section, which is reactive, and
increases the’,,, Cyq, andCy, of the MESFET resulting in
Several MMICs including a single stage dual gate low noiseduced gain and roll-off [10]. For the PA and switch path, the

amplifier, a switch, and a power amplifier have been packagpdwer at the one dB compressidn, 5, was within 1-dB of the

IV. DEMONSTRATION OF PACKAGED MMIC s USING
PLAasTIC MCM
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V. CONCLUSION

We demonstrate the design and development of the mu
layer plastic-based MCM with a new feed-through that enabl
the use of BGAs at the second level packaging for microwa
applications. The vertical feed-through used with BGAs h
ultra-low parasitics and achieves 20-dB return loss up to 4-Gl
in a 5042 electrical connection. This vertical transition allows : as WOTK : )

. . . . of wireless communications including ceramics and
the plastic modules to interface with low-cost FR-4 boards usigganic-based MCM processors, component library development, multilayer
industry standard assembly. We also demonstrate the feasibilitygrated passive, microwave oscillator theory, partial element equivalent

; ; ; ; ifi ngircuit algorithm, microwave and millimeter wave packaging, and MMICs. He
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