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ABSTRACT

Northrop Grumman Corporation hdsveloped
a Type llextended PQard wirelessmodemthat
operates at 900 MHaver the nationwide Mobitex
wireless data network and incorporates a
conventionatl4.4 kbpswireline modem, as well as
cellular network access capability. Theodem
enables notebook computer aPDA users tesend
and receive electronic mail arghta wirelessly.
Gallium Arsenide (GaAs) monolithic microwave
integrated circuit (MMIC) andbilicon application
specific integrated circuit (ASIQechnology made

SYSTEM REQUIREMENTS

The requirementfor wireless systemsary in
terms of size, weight, cost and performance. The
requirementdor wireless Mobitexmodems differ
from those for othemwireless devices, such as
cellular phones angagers. Mobitexmodems
require a minimum output power of 2 Watts
effedive radiated powef(ERP), long battery life,
and high receive sensitivity. The requirements
must bemet within thepackage constraints of a
type Il PC card outline. The mostchallenging
requireanent is the longbattery life, which puts

it possible tamplement complex high performance severe constraints on timeodemstandby,receive,

functions in a small size.
modem using low temperature cofired ceramic
(LTCC) and Ball Grid Array (BGA) packaging
technologies is under development.

INTRODUCTION

There hasbeen significantprogress in the
miniaturization of wireless devices ovkast few
years. Thelevelopment of a wirelegype Il PC
card modem for notebook computers preserasy

A second generatiorand transmit currents. In a typicabdemsession,

the standby, receive, and transtirites are 95%,
5%, and 1% respectively. With this profile, the
transmitter power amplifierefficiency has the
highest impact on thenodem battery life. The
transmitter current alsdetermines if themodem
can be used with the smaltlandheld personal
digital assistants (PDAs). Most PDAs dot have
enoughbattery capacity to supptihe surge current
needed bythe transmitter. For this reason, a

challenges t@roduct designers. The packaging ofrechargeable batteryncluded in the modem is

RF transceiver, baseband, and digital
processing components in a credard size is

signatlesired. Drawingnodempower from the notmok

computer would reduce the notebook’s batiéey

difficult because of coupling and interactions,considerably.

thermal issues, and tight specifications on the RF
subsystem. Northrop Grumman Electronics and

Systems Integration Divisiorhas developed a
wireless type 1l PCcard modem using GaAs
MMICs and high integration packaging
technolgies. This modem provides all

receiver/transmitter functions in a small batteryto all of these requirements.

powered package. Thmodemoperates over the
Mobitex wireless network to send and recedata;
it also connects twireline and cellular networks to
send and receive faxes, data, and messages.

RADIO MODEM REQUIREMENTS

The requirementfor wireless PCcard modem
receivers include low noisegure, high dynamic
range, low power consumptionand low cost.
GaAs MMIC RFfront-end devices offer solutions
Receivdtymamic
range idimited by the RF sensitivitand the third
order intercept point.  High gainlow-noise
amplifiers with typicalnoise figures of lesthan 2
dB can beachieved using reliablesommercially
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available ion-implantGaAs metal semiconductor systemsthat require smaller size. Mechanical
field effect transistor (MESFET) processes. performance and thermal heatanagement
Receiver intercept points greater thd0 dBm are requirements play a critical role in tlahoice of
typically acceptable for many narrowband packaging technology. Cellular phones and
applications. wireless PCcard modemapplications requirdigh

In today’s portable wireless RF applications,transmitter power, up to 2 watts, thymsing
the design trendare towardextremely low current significant thermal caostraints.  This condition
+3V devices. Advanced biasing techniques areworsens as the trend towattigher levels of
used to overcome the performandeade-off monolithic microwave functional integration
between intercept poirdnd power consumption. continues.

The burden of maintainindgong battery life in MMICs with high levels of integration continue
mobile communicationproducts falls on the radio to present significant challenges foackaging
frequency integrated circuit (RFIC) designer. engineers. An important consideration ifestng

The cost of GaAMMIC chips isextremely the appropriate packagingchnologyfor a system
volume-sensitive. As demarfior GaAs IC volume application is the change in electrical performance,
continues to grow, the technology beconmesre before andafter packaging aevice, caused by the
competitive  with  traditional silicon costs. package parasitics.These performance changes
Integrated circuit (ICHesignersarefaced with the must be understood and accounted faddsigning
challenge of integrating mamyrcuit functions on a a system. The number ofput/output (I/O)leads
single chip in order to get maximum functionality is also an importartonsideration in the choice of a
from the available&saAs wafer real estatddigher  packaging technology. Current discretedevices
levels of circuit integration lead to more typically require 2 to 6/Os, including RF, DC,
functionality in agiven chip areaand lower cost and ground connections. The higher functionality
per chip. monolithic ICs currently used in many systems

GaAs MMIC technology is suitedfor RF  require 10 to 20 I/O carections. Many othese
wirelessmodemtransmittercomponents due to its 1/Os require high isolatiorfior acceptable electrical
high efficiency and small size. Highefficiency performance. In thismodem design, low
(>50%) power amplifierare necessary in battery- integrationMMICs in plastic packages aresed in
driven mobile computing deviceshat require the first generation design, whereas thégh
transmit output power of two Watts. Theolution integration MMICs are used in the BGA
of compact switched-capacitor networkdoak transceiver module.
negative g_at_dmas_ to pemple_mented_ at reasonable PC CARD MODEM DESIGN
cost. Sufficientbiasfiltering is required to reduce
AM sidebands in the transnmoutput spectrum. A A complete wirelessnodemassembly ishown
key advantage oMMIC technology is repeatable in Figure 1. The maircircuit card contains a
performance. Output power control is a critical microprocessor, memoridSPfunctions, switching
requirement in portable RF systems. pAwer power supplyreceiver IF section, wirelinphone
control range of 18 dB is required and methods ofnterface, and thebattery. Thepower supply
control vary in complexity. operates from &.3 Volt LiMnO, battery, which

fits into the extendedportion of the PCcard and
PACKAGING REQUIREMENTS delivers sufficient powerfor the 2 Watt ERP

The current packagindgechnology trend in transmitter section. The battery is rechargeable
cellular phones, pagers, and othegh volume, from the host computer or an external battery
cost-sensitive applications is to use plasticharger. The RF transceiver circuit card is
packages mounted tosaft board substrateith a  attached to the maiboard with a flexible wire
solder reflow process. Newer packagingconnector and folds over the mé&oard. Figure 2
technologies likehip-on-board (COB) and ceramic shows the topside of the RF transceivéyoard,
and laminate substrate BGAs arefinding which uses standard multilayer printediring
acceptance in some of the more demanding wireles®ard (PWB) technology. The RRodule cotains
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a combination of Northrop GrummaMMIC Noise Amplifier (LNA)/Downconverter, Voltage-
technology andstandard integratecomponents Controlled Osclator (VCO), BufferAmplifier and
forming a half-duplex transceiver.  Miniature Power Amplifier] and supporting circuitry are
active and passive RF components were used tmntained in a 0.8"x 0.8” BGA package. The BGA
meet the small size objective. The challewgs to assembly featuresow cost multilayer laminate
package all the RF circuitry and most of the IFPCB teclmology on a 15 x 1%rray ofcollapsible
circuitry in a 1"x 2" PWB and stillmeetall the solder ballsdesignedfor high volume production
electrical specifications. The receiver sensitivityreflow. The main advantage of BGi#&chnology
has been measured at -1dBm at 12 dBsignal-to- over conventional technology is smaller sipgyer
noise ratio (SNR). cost, and better electrical performance. Tlsigde
and layoutwere carefully optimized tmeetcritical
electrical specifications, such as isolation, adjacent
channel rejection, noise figure, phase noise, etc.
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Figure 1: Wireless Modem and Circuit Card
Assemblies

Figure 3a: Second Generation MCM-L RF
Transceiver (size reduction due to BGA)

Figure 2: Front Side of the First Generation RF  Figure 3b: Back Side of the First Generation

Components Components (Showing Size Comparison)
A second generatio®00 MHz modem has Figure 4 shows a block diagram and

been developed. featureshigher levels oMMIC ~ Photaraph ofthe receiveMMIC used in the BGA
integration and advanced packaging technigoas Multi-chip assembly module. The receiéMIC

will further reduce the recurring cost of the RFS fabricated using aron implanted MESFET
module. A photograph of the completmrthrop ~ Process, is small in siz(9.050" x 0.1007), and
Grumman RF transceiver MMIC chip set packagedonsequentiiashigh yield (>80%). The reeiver

in a laminate-based Multi-Chip Modu{@CM-L) chip Qrawslow receivecurrent _(25mA), has a -7
is shown in Figure 3. Four MMIC chips [Low dBm input 3 order intercept point, and operates on
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a single 3 volt powesupply. It also has a LNA
bypass switch foroverload capability.  The
receiver chip and the Rfmodulecan be used for
both Mobitex and half duplex Cellular Digital
PacketData modemapplications. Figure 3hows
thatthe current RFnodulecan be reduced isize
by a factor ofmore than two by using the BGA
technology. Figure 5 andable 1 show the
measureddata ofthe BGA module. The BGA
transeiver shows good receiver conversion gai
and noise figure.
summary shown iffable 1meets the performance
requirements for the PC card modem.
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Figure 4: Block Diagram and the
Photograph of the Receiver MMIC Used in
the Laminate BGA Module.

n

CONCLUSION

A wireless PCcard modem for the RAM
Mobitex data network at 900 MHz has been
developed using off-the-shafiIMIC and discrete
technologies; thenodemshows gooderformance.
The next generationmodem, using higher
integraton MMIC and BGA packaging
technolmies, demonstrates that further
improvement in size;ost, and performance can be
achieved.

The detailed performance
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Figure 5: RF Transceiver Measured Conversion
Loss and Noise Figure

Table 1. Measured BGA Performance
Summary
Parameter Measured Data
RX Frequency 935-941 MHz
TX Frequency 896-902 MHz
Conversion Gain 14 dB
Noise Figure 3dB
Input 3rd Order -7 dBm
Intercept Point
RX Current 25 mA
TX Current 1200 mA
Output Power +33 dBm
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