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Figure 1. Understanding What the Customer Wants - 1

test/processing procedures dictate that each run is
dedicated to a single design repeated over the en-
tire wafer. Such multiple development runs add to
the cost before the product is “designed in.” On the
other hand, pricing probably was optimistically
based upon first-pass success. For this reason, mili-
tary MMIC cost overruns are common,

Commercial/consumer products have a more
telescoped time scale from invention to market
than do military products, typically one year for
commercial products. A cell library design ap-
proach makes it possible to meet this delivery
schedule with a MMIC integrated subsystem. Such
a library is a collection of previously characterized
small circuits or sub-circuits that can be easily as-
sembled into larger functional sub-systems.

The cellular approach is effective for confident
design prediction when the design need not demon-
strate the ultimate in performance or size, but rath-
er must be cost-effective to the 100,000 chip level.
Figure 4 shows a high volume product constructed
from cells. Refer to Figure 3 to consider the cost-
volume trade-off for a small subsystem. Note the
impact of the cost of non recurring engineering
(NRE) on total cost per chip.

The “pizza” mask approach (Figure 5) is a very
efficient alternative to the single-design wafer in
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Figure 3. Cost per unit versus volume,

the development stage, In this approach many de-
signs share a mask-set and wafer run, yielding only
a few parts of any particular design but many differ-
ent potential candidates. A mask-set dedicated to
one or two designs can be used later once the design
stage is complete and a significant quantity of chips
is required. The potential of “pizza” masks as a
cost-reduction technique has incrcased as wafers
have grown to 3 and 4 inch diameters.

Case Study 1: THE 4-GHz TVRO Downcon-
verter

With conventional wisdom the design of a micro-
wave product begins with the technical specifica-
tions and ends with cost reduction to meet the es-
tablished price objectives. In the case of the 4-GHz,
television receive only (TVRO), satellite broadcast
downconverter chip the opposite was true.

An estimate for the price of the parts to be re-
placed by the proposed monolithic chip was estab-
lished for a period of three years. We bascd our
estimate for the allowable chip cost and its com-
plexity, or level of integration, on competing tech-
nology. It was clear that the converter chip should

Figure 4. S-Band Transceiver Assembled from Cells.
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Figure 5. One Reticle of a “Pizza” Mask

have some RF gain, a mixcer, a local oscillator, and
some IF gain, but replacement of the entire 60-dB
gain downconverter was out of reach. The block
diagram of the downconverter chip is shown in Fig-
ure 6.

To avoid oscillation, less than 30 dB gain at any
single frequency on a chip is a safe objective. On
this chip, including a mixer loss of 8§ dB, the most
gain achievable was 52 dB. Both the RF amplifier
and the IF amplifier were simulated to have 4 dB
gain slope across the band. Finally, to guarantee a
noise figure low enough to meet specification, a
two-stage discrete RF amplifier with less than 1-dB
noisc figure and 24-dB gain was uscd.

The noise figure of the downconverter chip was
conservatively (but not conservatively enough) esti-
mated at 3.5 dB. We had hoped to replace the
second stage of the discrete RF amplifier with
equivalent gain on chip. As it turned out this was
not practical. The noise figure was not good enough
(less than 2.5 dB) and the downconverter stability
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Figure 6. Block Diagram of MMIC Front End
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Figure 7. Downconverter MMIC versus discrete parts
cost

at low temperature was very questionable with
close to 50-dB gain on the chip.

Foundry, assembly, packaging, and testing costs,
yields and profit were added on, to arrive at an
estimate of minimum selling price versus time for a
range of chip sizes. The curves shown in Figure 7
defined the maximum chip size.

If we could design a chip, smaller than 1 mm x 1
mm, capable of meeting all of the specifications for
the parts it replaced, the chip would then be cost
effective. The trade-off of performance versus yield
was also considered. It was decided not to replace
the low noise RF amplifier in the converter. A pho-
tograph of the 0.85 mm x 1.0 mm TVRO chip is
shown in Figure 8.

More backward designing played a part in the
wafer testing area. Full wafer 100% RF testing was
deemed too expensive, based on the cost of the
microwave test equipment and microwave wafer
probes. An alternative was sought, Sample wafer
microwave testing was donc to screen out “bad”
wafers and to establish DC to RF parameter corre-
lation, followed by 100% wafer DC testing. Subse-

Figure 8. 4-GHz MMIC Front End in Hermetic Package



quently, manual 100% RF testing of packaged parts
with a scalar analyzer, on a go/no-go basis, culled
out the DC good, but RF bad, parts. The test proce-
dure used was a fully functional insertion test, com-
plete with dielectric resonator and the appropriate
input and output matching circuitry (Figure 9).

Despite conservative estimates and determined
effort to make the chip as small and manufactura-
ble as possible, there were wafers having very few
parts meeting specification. By late 1985, however,
before the advent of premium channel scrambling,
we had profitably shipped approximately 35,000
converter chips at $11.00 each. The result was a
competitive product in the commercial market-
place. The design process has served a useful model
for development of subsequent commercial prod-
ucts,

Case Study #2: The MMIC Switch

An application in which monolithic ICs shine is
that where FETSs perform well and the parasitics of
integration make the competing hybrid assembly
approach’s costs prohibitive. The FET switch is an
example. A number of manufacturers market SPST
and SPDT switches with high performance. The
simplicity of this device allows very high correlation
between DC and RF parameters. Because of the
multitude of players in this marketplace, the key to
success is a very compact chip and superior specifi-
cations. A premium feature is an on-board TTL
driver and which requires a single power-supply
voltage.

The Adams-Russell switch was designed with
such cost-cffectiveness in mind. The chip is virtually
covered with active circuitry. It has no transmission
lines or inductors used to improve bandwidth at the
expense of increased chip area. The chip has no
backside vias, and the process exhibits a modest 4
ohms/mm switch “on”-resistance. With minimum
chip size and process complexity, this backward de-
signed low-loss switch is very successful.
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Figure 9. Packaged chip on a printed circuit (PC) Board

The Alpha chip has via holes, a higher perform-
ance, complex process, transmission lines. It offers
broader bandwidth performance. To maximize per-
formance and minimize unwanted coupling, large
areas of the chip have no circuitry. This chip was
designed to meet military specifications.

Figure 10 shows a table of specifications with
corresponding prices for some of the switches pres-
ently available commercially. With Adams-Russell
selling packaged switches for $10, it is hard to imag-
ine why anyone would custom design their own
switches instead of using this one in their applica-
tion, unless they needed 50,000 of them or the
specifications were inadequate. Other switches list-
ed in the table are also very aggressively priced for
higher performance requirements.

A modest SPDT MMIC switch design . . . costs
... 3114000

A modest SPDT MMIC switch design might cost
$20,000 to design, $20,000 for the first wafer run
(pizza mask approach), $40,000 for thorough test-
ing and reliability assurance, and $24,000 for the
production mask and run, with another $10,000 for
design and review of that mask. Wafer probes, dedi-
cated test setups with equipment amortization all
need to be added to the $114,000 NRE totalled
above. But, I can buy a packaged and tested part for
$10?! The switch business is very competitive.

Case #3: The 12-GHz Satellite Downconverter

A 12 GHz direct broadcast satellite (DBS) down-
converter would be a logical extension of the prov-
en cost-effective MMIC front-end technology. Why
has this not happened? Consider the chain of
events shown in Figure 11. Vendors of the discrete
devices underbid those offering the monolithics,
leaving them little chance of recovering NRE costs.

MANUFACTURER MODEL FREQ LL. CHIPSIZE PACKAGE PRICE
SPDT SWITCH NO. GHz dB mm H
ADAMS-RUSSELL 'SW239 0-1 05 0.75x0.75 soic 10
ALPHA 018-01 0-18 20 1.2x24 CHIP 25
MINI-CIRCUITS KSW-2-48 0-4.6 1.7 HERM 20
TRIQUINT TQz151 110 25 CHIP 28

Figure 10. Some SPDT Switches
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Figure 11. Cost of Discrete versus MMIC-based DBS
Converter (500K parts per year initial rate)

Backward design did not work, because with such a
large potential market (more than a million units
per year) the discrete component manufacturers
were willing to “forward price” by as much as three
years in order to retain market share. The discretes
thereby won the first round, but prices will stabilize.
The market will last a long time. And, the monolith-
ics are regrouping.
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Figure 12. Guesstimated Commercial MMIC Market
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The Future

Monolithic competition is fierce, and this is espe-
cially so if your product is not unique. The “me-too”
standard products are likely losers, while unique
niche products are risky winners. The odds are im-
proving with cell libraries, CAD tools, and experi-
ence. Figure 12 shows our prediction of the market
for commercial MMICs in the next few years.
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