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Abstract this paper is based on the use of ETL MMICs combined

This paper describes an electronic packaging With a micro-ball grid array substrate mounted on a
topology using embedded transmission line (ETL) Cceramic test fixture. The ETL MMIC structure, first
monolithic microwave integrated circuits (MMIC) that ~ described in [1], differs from standard MMICs in that the
have been flip-chip mounted on a beryllia (BeO) micro- GaAs substrate is not thinned (635um) and acts primarily
ball grid array (UBGA) ceramic carrier with a z-axis &S @ Cover to protect the ETL MMIC. Polyimide layers are
interconnect material.  Small signal S-parameters are patterned with metal lines and filled gold vias ending with
presented at each stage during the assembly process and 9round plane and signal pads.
negligible frequency shifts are observed due to the flip- ETL MMICs
chip packaging before and after encapsulation. Increased Figure 1 displays a cross-section of several key
gains of 2.0 dB with the unencapsulated and 2.2 dB with ETL MMIC elements: FET, shunt capacitor and an
the encapsulated packaged part are observed compared tonverted microstrip transmission.  Models for these
the on-wafer measurements at 10 GHz under the same biascomponents have been developed under the MAFET

conditions. Thrust 2 program and several are described in reference

. 2].
Introduction [2l
RF Ground Plane

Embedded transmission line (ETL) flip-chip

Solid Solid
packages offer a host of benefits such as low interconnect e haea / P°;§?ngde
and FET source inductances as well as low thermal : .
A FET Shunt Inverted L
impedance from the active device to its heat sink. Low Capacitor M'CLF,OSt”P
ine
interconnect inductances enable high frequency 635um Gallium Arsenide

connections from the chip to the package and from the
] ] Figure 1. Basic ETL MMIC structure for a FET, shunt
package to the intended host board. Direct metal capacitor and inverted microstrip transmission line.

connections from the active FET area surface to a high

thermal conductivity carrier greatly reduce the thermal Figure 2a displays a photograph of the top side of

impedance of gallium arsenide (GaAs) power amplifiers the single stage ETL MMIC amplifier used in this

compared to FETs on 100um thick GaAs substrates. This demonstration along with the layout of the amplifier

reduction improves reliability and electrical performance. displayed in fig. 2b. The results from this chip were first

The multilayer packaging approach presented in described in [3] with a wirebonded module package. The

UBGA package described in this paper along with the
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encapsulation represent a new style of ETL MMIC for all S-parameter measurements.

package.

a)

Figure 3. ETL MMIC flip chip assembly showing an ETL
MMIC (center) with two flip chip capacitors on each side of the
MMIC on a 20 mil thick BeO carrier.

Figure 2. a) Photograph and b) layout of a one Watt single
stage ETL amplifier at 11.5 GHz. Chip size is 3.03mm x
0.96mm.

One important consideration during the

development of flip-chip MMICs is the ability to perform
on-wafer RF probe measurements before and after Figure 4. ETL MIC UBGA flip-chi ssembly (side view of
mounting as well as provide a producible interconnect to figure 3).
the carrier [3]. In addition to the RF probe interface at the ETL MMICs have a significant advantage
chip level, the next RF probe interface chosen for this compared to CPW flip-chip MMICs: their frequency
particular design is at the PBGA test fixture level. response does not change appreciably when the chip is
Figure 3 displays an ETL MMIC mounted with a novel z- mounted or encapsulated because the MMIC is already
axis material developed by Raytheon TI Systems shielded witha ground plane [3]. Figures 6a-d display the
(described in [3]) on a BeO ceramic carrier with silver small signal S-parameters of the same ETL MMIC in
epoxy attached 100pF capacitors above and below the wWafer form, packaged form with and without chip
ETL MMIC. Figure 4 displays a side view of the encapsulation. The bias conditions were a drain voltage
unencapsulated assembly with the 10mil diameter solder Of 5V and a drain current of 90mA with a gate voltage of -
balls being visible between the package and the larger test0-9V.

fixture at the bottom. Figure 5 displays the encapsulated

package from figure 4. A coplanar waveguide launch is

selected so that the package can be measured with the

same RF probes that were used for the chip-level test. In

this paper a Line-Reflect-Match (LRM) calibration is used
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Figure 5. Encapsulated ETL MMIC uBGA flip-chip assembly
from figure 4. RF input is at the left and the RF output is at the

right.
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Figure 6. Small signal a) § b) S1 ¢) S and d) % of the same
single stage X-band ETL amplifier in die form, unencapsulated
package form and encapsulated package form.

As displayed in figure 6a, the small signal gain of
the packaged ETL MMIC is observed to be greater than the
on-wafer measured gain by as much at 2.0 dB at 10.0 GHz
for the unencapsulated package and as much as 2.2 dB for
the encapsulated package. This increase in small signal
gain is most likely due to the improved thermal impedance
of the flipped ETL MMIC compared to an upright ETL
MMIC. Even though the small signal gain improved after
packaging there were no observed frequency shifts in the
ETL MMIC response before or after encapsulation.

In figure 6b, the return loss of the packaged
unencapsulated and encapsulated ETL MMIC show

improvements compared to the on-wafer measurements.
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Conclusions

frequency response due to packaging effects of an
encapsulated standard microstrip based MMIC or CPW
flip-chip mounted MMIC. In addition, a wide variety of
encapsulants may be used without regard to the high
frequency dielectric properties in the configuration
presented in this paper. Further packaging advances with
ETL MMICs appear promising and producible within the

next several years.
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