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With the rapid infusion of solid state
microwave components in both cmnnercial and
military systems, cost reduction in conpment
manufacturing has beccme key to affordability.
Sane specific areas that have had a significant
impact on reducing overall ccmponent cost are:
1) device cost: 2) piece count, 3) assenbly cost
and 4) package cost. In the areas of device
cost and piece court, the advent of manufactur-
able Monolithic Microwave Integrated Circuits
(MMIC’s) are havinga dranatic effect. In the
areas of assembly amd packaging, autcxnation
has been the prime cost reducing factor.

IN17RODUCTION

Mmy new systems for both the military and
ccmercial sectors require large nmbers of
microwave funtions. To keep these systems
affordable, significant reductions in the
individual microwave cmponent cost are re-
quired.

Usually, cost reduction nut be achieved
with a global solution that weighs the impact
of each change. For example, itmkes little
sense to “engineer” a solution that saves $10 on
material cost but adds $10 mrth of labor con-
tent at a later step. Although for the sake of
clarity, the subsets are addressed here as
seperate entities, the overall solution must be
constantly kept in focus. The areas where major
cost reduction programs have been implemented
are: device cost, parts count, assembly cost
and packaging. As described below, the first
two have been impacted heavily byMC technology
k the third, autcxnation has played a key role.
Packaging has been a significant challenge as it
also entails a ccmq?lete understanding of the user
requirements.

DEVICE COST

One of the mre remarkable breakthroughs in
solid state microwave cmponent manufacturing has
been the introduction of klonolithi cllicrowave In-
tegrated CircirLts (l@lIC’s). The first to be in-
troduced as products were low frequency IF gain
blocks using both silicon and galliutn arsenide
technology. A typical silicon M41C is shown in

Figure 1 with a performance sumary in Table 1.

Figure 1: Optical micrograph of a Silicon

TABLE I

Silicon MODamp

Mac

1s2,112 Power Gain 12. 5dB

F1dB -ldB Gain Point 1.7CHZ

pldB GutPut Power o.5dRn

NF Noise Figure 6dB

Similarly, anMMIC using gallium arsenide
technolo~ was developed and is now cmnercially
available that exhibits good performance through
4GHz. (1) The performance specifications are
summarized in Table II.

TABLE II

&As MMIc

Bandwidth

Noise Figure

Gain

Output Power

200 MHz- 3GHz

3dB

9dB

+17dBm
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These products achieve a performance]cost
factor on the order of dollars per Db for IF gain
and are available in both plastic and hermetic
packages. This type of packaging lends itself
to low cost surface munt assenbly techniques.
Not only have these products lowered direct
material costs but have significantly reduced
the engineering content of an IF section. TMS
also reduces product development time which im-
proves the return on investment on design eng-
ineering time.

What makes these chips viable contenders for
low cost manufacturing applications are the chip
designs. The designs ccmbine both small size
end high yield with good matching characteristics
to make them useful in a variety of applications.
This multi-purpose capability leads to their in-
corporation in a variety of products which @lies
high volme . ‘lThe highvohmepermits the semi-
conductor mm.facturer to employ all the cost re–
duction techniques associated with high vohme
semiconductor production to lower the chip cost
making it evenmxe attractive. This is dis-
cussed in detail in a later paper in this session.

As an exmple of the cost @act on a
system, the graph in Figure 2 shows the price of
a silicon gain block MC as a function of time.
The price reduction has been stimulated largelyby
the tremendous increase involme. TMS supports
the theory that generic chip sets are the key to
affordability.

~AVANTEK SiliconMMIC
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Figure 3 O@ical Micrograph of en array ofMfIC
distributed amplifiers. (courtesy of
Narda)

The basic specifications.,for one of the
packaged products is described in Table 1[11.

TABLE III

GSAS MC

Bandwidth 2-18 mz

Gain lodB

VSWR 2.5:1

Intercept Point +20dEin

Power Output +lodlin

Year

Figure 2. Silicon FMIC price as a function of time.

In addition to silicon mCs, newGaAs MC
designs are also becoming available commercially.
With their small size and wide applicability
similar @acts are eqected on higher frequency
RF arq31ification requirements.

Fxamples of such chips areprmzidedin
Figures 3 and 4. Figure 3 is a photo of an array
of distributed amplifier MMIC’S that cover the 2
to 18 GHz band. (Photo supplied courtesy of Narda)

Figure 4. Smmicrograph of awideband GaAs MMtC

The GSAS MC ill~trated in Figure 4 is a low
noise 2-12 Gh2z, two stage, DC coupled anplifier.
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It was &s@ed for a variety of small signal

applications through X-band. Without any add-
itional tuning this aq?lifier provides a mininnnn
8dB gain and a maxim.m noise figure of 5dB. The
design is very c~act (.5311Mx .65mn) which
makes it ideally suited for low cost, high volme
applications. A sunnary of its basic specifica-
tions is provided in Table IV.

TABLE Iv

Bandwidth 2-12 GHz

Power Gain 1s211’2 12dB@4GHz
8dB@12GHz

Output Power P-1 +11 . 5dBnl

Noise Figure 3dB@4GHz
5.5dB@ 12 GHz

output VSWR 1.5:1 -

With additional matching on the input, sig-
nificantly improved noise figure and associated
gain performance can be expected.

RF gain blocks of this type will lower the
manufacturing costs of a variety of both military
ad commercial microwave systems. hexample of
a cormrcial system that effectively utilizes
MIIC technology is the Small Aperture Terminal
designed for private business comnun.ications net-
works. This telecormnmi cation system operating
at Ku-band uses both silicon and gallim arsenide
FMI.C’S throughout its RF and IF sections to
maintain affordability.

PIECE COUNT

Lower cost is also achieved viaPMIC
technology through lower parts comt. A typical
balanced smplifier gain stage till require two
GaAs FETs, a variety of capacitors and bond wire
inductors as well as positive and negative bias
supplies. Thenew MC’s significantly lower
cost by integrating many but not all the parts
on-chip . Especially irportant is the ability to
provide biasing schemes that elinrimte the dual
supply requirement. This lowers con@exity as
well as piece count.

ASSHVBLYCOST

The twomst cmmn assembly techniques for
solid state nricrowave cmponents use either
ceramic substrates with chip devices and wire
bonds or softbmrd circukrywit hpackaged de-
vices and solder interconnects. In the thin film
hybrid (chip and wire) approach the devices are
individually die attached and later connected to
the circuitry using gold wire bonds.

ii-I the past, these thin film hybrid assem-
blies were fabricated completely manually with
associated high cost. Recent advances in micro-
processor controlled aut-tic pick and place
die handlers now permit the ass~ly of microwave
size die aa small aa .015” x .015” directly onto
the thin fihn circuitry. Inmost cases, the
equipment has been designed for the mainstream
semiconductor IC industry requiring that the

microwave user make modifications. However, the
cost savings over manual die attach in both
direct labor cost and yield improvement signifi-
cantly outweigh the engineering investment.

An example of this type of technology are
general pwrpose IF gain blocks. For this type
of product, the devices (transistors or MCS) are
DC checked at the wafer level, scribed, broken
and expanded on tape. In the assembly area, the
expanded wafer is munted on the pick and place
machine which is programed to pick the elect-
rically good die off the tape and die attach it
directly onto the thin film circuit. The thin
film circuits themselves are fabricated in an
array format with hundreds of circuits per thin
film substrate. This cmbined with an automatic
substrate feed perinits the autmatic die attach
of thousands of circuits per hour.

For the case of softboard assemblies,
dramatic cost reduction has been achieved thru
autcmution. For these circuits, the designs must
bemre tolerant of device placement as the de-
vices are typically soldered onto the circuit
board . However, with the advances in autcmatic
on-serter type of equipment the variations are
predictable and canbe taken into account during
the circuit design. For vohme applications,
the devices are mounted onto reels arid the auto-
matic on-serter picks the device directly off the
tape and inserts it onto the circuit board. This
significantly lowers the assembly cost and is
capable of handling large volumes. A photograph
of one of these systems is shown in Figure 5.

Figure 5. Photograph of an autmatic device on-
serter system.

An area of particular importance to overall
cost as well as perfonnmce has been the packag-
ing of solid state microwave components. Sign-
ificant advances in the past few years include
the development of ahermetic package that could
be adaptedby the users for both standard con-
nector interconnects as well as for soldered lead
interconnects. The electrical RF connectors are
screwed into the housing and are removable by the
user if desired for solder interconnects.

Recently, new types of surfacemunt pack-
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ages have also been developed for microwave com- ~AVAN7EK TVRO LNA

ponents. The approach is to develop lower cost %mcond.ctor

packages that can bemre easily integrated at the “v’s’””
system level. This type of package lowers systan
cost both in terms of the lower conponent cost 700

and the lower system manufacturing assembly cost.
With the introduction of GaAa MC’S capable Eao

of excellent RF perfozm.nce to 20 GHz, it has also
been necessary to develop packages for these de- 5C0

vices that do not degrade the performance and at
the same time are low cost. k exarple of one of
these mlti-leaded packages is shown in Figure 6. ASP

4Lm

The cost for a package of this type with excellent (Dollars)

RF performance through 20 GHz is on the order of
300

$5.00.
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Figure 7. Graph of TQRO LNA price vs. time
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Figure 6. GSAS MC package for 20 G&
applications

CONCLUSIONS

The advances described above have resulted
in significant reduction in manufacturing costs
particularly in those applications where there
are volume requirements. One example illustrat-
ing the influence of many of these factors is the
TVRO cqonentmrket. These units typically
use the softboard/packaged device approach and
take advantage of autma.tic assembly and test.
The graph in Figure 7 illustrates the influence
of these advances on the price of one of these

c~ments over time.
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