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Abstract—This letter describes a new type of electronic packag-
ing topology using embedded transmission-line (ETL) monolithic
microwave integrated circuits (MMIC’s) along with a new state-
of-the-art Z-axis material that acts as a chip adhesive as well
as an electrical connection with a carrier substrate. The results
from the first two flip chip assemblies that were produced under
the Microwave Analog Front End Technology (MAFET) Thrust 2
Program are presented. The flip chip packages provided greater
than 1-W package output power on a Kovar housing floor with
greater than 8-dB package large signal gain at 11.5 GHz.

Index Terms—Embedded transmission line, flip chip, intercon-
nect, microwave integrated circuits, power FET amplifier.

I. INTRODUCTION

MBEDDED transmission line flip chip packages offer a £&
host of benefits such as low interconnect and field-effect™
transistor (FET) source inductance as well as low therng. 1. Cross section of an ETL MMIC interconnect pad. GaAs substrate is
impedance from the active device to its heat sink. Lo own at the bottom of the photo with a_ir at th_e top and polyimide between
. . . . the upper ground plane and the transmission line on the GaAs surface.
interconnect inductances enable high-frequency connections
from the chip to the package and from the package to the
intended host board. Direct metal connections from the acti@Hz, which is the limitation of the radio frequency (RF)
FET area surface to a high thermal conductivity carrier greatpyobe station. More work is necessary to study the frequency
reduce the thermal impedance of gallium arsenide (GaAgjitations of this unique topology.
power amplifiers compared to FET’'s on 1pf-thick GaAs
substrates. This reduction improves reliability and electrical 1. ETL MMIC’ s
performance. i ) ) ]

The multilayer packaging approach presented in this letter™9- 1 displays a cross section of an ETL MMIC inter-
is based on the use of ETL MMIC’s combined with a nogel connect. An inverted microstrip transmission line is shown
axis material that is flip chip-mounted on a microwave packagé the center left as it connects to a solid-plated gold via
or carrier. The ETL MMIC structure, first described in [1]hrough & polyimide layer to a pad at the same level as the
differs from standard MMIC's in that the GaAs substrate is n@ound plane. The 2zm-long via provides an extremely low
thinned (635:m) and acts primarily as a cover to protect thilductance for the signal line to the outside package. The
ETL MMIC. Polyimide layers are patterned with metal line& TL PHEMT structure is displayed in Fig. 2. The solid-plated
and filled gold vias ending with a ground plane and signal pad@&tal source plug above the FET region offers extremely low
The electrically thick GaAs substrate typically would causgPurce inductance as well as a low thermal impedance. A 6-
moding atX-band and higher frequencies if the ground pladémh'gh dleleg:tnc bridge also serves tlo reduce the parasitic
were placed on the GaAs surface opposite the active devi@Pacitances introduced by the polyimide. _

In ETL MMICs, the risk of moding is reduced by placing Fig- 3 displays a photograph of the top side of a 1-W single-
the ground plane above the active devices on an electricatf9€ ETL MMIC amplifier used in the flip chip demonstration

thin (25-:m-thick) polyimide interconnect layer. To date, ETL2/0Ng with the layout of the amplifier displayed in Fig. 3.
MMIC structures have been fabricated that work up to 5b1€ chip size is 3.03 mnx 0.96 mm with a 240Qsm ETL
pHEMT. The design of this amplifier is accomplished by using
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1W X-Band ETL Amplifier Small Signal Response
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Fig. 2. ETL pHEMT cross section. Four gates are shown with two drain
lines and a solid gold-plated source. Aua layer of polyimide encapsulates
the FET region.

25 30
Frequency (GHz) Note: 27 Ohm Reference Impedance

Fig. 4. Small-signabs; of a 1-W X -band ETL amplifier from wafer V2863.
Average MMIC response demonstrates more than 9 dB of gain at 12 GHz.

Fig. 3. Photograph of a 1-W single-stage ETL amplifier.

a useful interface to the carrier. For this reason, a tabbec
interface was chosen for this particular ETL MMIC. The
alignment tolerance of the tabs is the length that the tab
extends beyond the ground plane provided that there is n(
lateral bridging of the interconnect material (e.g., solder, silver
epoxy, z-axis material, etc.,..).

ETL MMIC’s have a significant advantage compared to [§
other MMIC packaging configurations: theif-parameters 1
change very little when the chip is mounted or encapsulatec
because the MMIC is already shielded with a ground plane 25
As with all packaging schemes, interconnect inductances an(®.
traq3|t|ons ShQUId be defined egrly and taken into _aCCOl‘HiH. 5. ETL MMIC flip chip assembly showing an ETL MMIC (center)
during the design process to avoid unnecessary surprises Igi¥ two flip chip capacitors on each side of the MMIC on a 20-ml-thick
in the system design cycle. BeO carrier.

The ETL pHEMT models used for the EG9907 are based on

measurements and models of conventional pHEMT's on 108nd the MMIC. Pressure and temperature on the MMIC and
pm GaAs whose parasitic capacitances have been increaggflier make the host dielectric adhere mechanically to the

based on electrostatic two-dimensional (2-D) simulations ¥ip and carrier while the microwires press and complete the
account for the effects of polyimide encapsulation. Measurgfectrical connections.

ments from ETL wafers have demonstrated greater than 9-dB
small signal gain at 12 GHz with a drain bias of 5 V and
a source-drain current of 180 mA. Fig. 4 displays of 20
single-stage amplifiers from a single wafer.

IV. FLIP CHIP PACKAGE

The ETL MMIC flip chip package that has been mounted
inside the module is displayed in Fig. 5. The ETL MMIC is
seen in the center mounted on a 5a®-thick BeO ceramic

lll.~ Z-AXis MATERIAL thick film carrier. Grounding to the ETL MMIC is accom-

The Z-axis material used in this assembly consists of @ished using filled through vias. Two 100-pF capacitors from
host dielectric that has been perforated with micrometer-sizBitlectric Labs are mounted on either side of the ETL MMIC
holes. Gold wires are formed through a plating operation. Thising silver epoxyZ-axis material is used to mount the ETL
material is cut into a preform and is placed between the carrddMIC to the BeO carrier and is visible as a thin black sheet
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to the left of the ETL MMIC. The reflection of the outputaxis material for package insertion into a conventional module.

transmission line can be seen on the lower outside GaAbke low inductance interconnects reduce the complexity of

face of the ETL MMIC. Gate and drain biases are supplietksign atX band because bondwire inductance and variability

on either side of the BeO chip with 0.Qd capacitors end did not need to be taken into account. By operating in the flip

mounted with silver epoxy to the module floor. Input anghip configuration, the surface density of active components

output transmission lines are Sbmicrostrip lines on alumina. compared with the unused areas can be significantly increased.
The flip chip assembly was mounted within a module arlTL MMIC's are capable of millimeter-wavelength operation

tested within a connectorized test fixture. Uncorrected pefl and offer promising performance for future high-frequency

output power of 29.4 dBm is measured for this assembly latv-noise and power amplifier applications.

11.5 GHz (including test fixture losses). The power-added

efficiency was measured to be 26.6%. The results include

losses due to input and output connectors, alumina microstrip ACKNOWLEDGMENT

lines, module feed throughs, and wirebonds. The total loss

of a passive through line in the test fixture is measured to 1he authors would like to thank J. Adams, R. Peterson, and

be 2.1 dB at 11.5 GHz with 0.7 dB estimated for the outpdit- Aldert for their technical support.

passive network loss and 1.4 dB for the input passive network
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