@ m ICrOSS components

Guide to replacing obsolete
semiconductor components.

What's the best technical approach to replace my “xyz” chip?
What's the best commercial approach to replace my “xyz” chip?
Custom package or Interposer?

ASIC or FPGA?

Have | considered ALL the available options?

What ARE the available options?

If you have ever raised the above questions then yo  u need to read this booklet.
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Emulation and Replacement

Components become obsolete. For want of the
component, the board couldn’t be built, and for lack
of the board the sub-assembly couldn’t be finished.
With no sub-assembly, the equipment couldn’t be
repaired, and without the equipment the plane
couldn’t fly. A scenario that shouldn’t ever happen,
but it does serve to emphasise that each position in
the supply chain is reliant upon what it regards as a
component.

One could also start from much further down the
chain. The semiconductor foundry relies upon
silicon wafers and specialist chemicals; the
semiconductor assembly requires wafers, lead-
frames, packages and lids, and so on.

So a component can be seen as different things to
different industries, but for the purposes of this
document, the discussion is mainly centred on
semiconductor devices. This is primarily due to the
fact that it was the initial withdrawal of many
semiconductor devices that woke up large portions
of industry to the question of obsolescence
management.

This story has been told many times, with different
emphasis, generally with the intent to scare. In
practice, it would be most unusual for a scenario
such as this to escalate so far upwards, as human
ingenuity and engineering will generally solve the
problem at an earlier stage. Components can be
replaced, but a lot depends upon the replacement
being really suitable. The original component
requirements and operating environment should be
reconsidered. The assumptions made in the
original design may be overly pessimistic; there
may be more “room for manoeuvre” than initially
considered, permitting more “alternative” options.

If we're really serious about keeping our equipment
alive in the future, maybe some planning should be
done early enough to salt away all the precious
information on components, whilst it's still fresh in
our collective memories, rather than wait until the
proverbial manure hits the office air re-circulation
equipment? This means archiving, or ensuring that
your subcontractors archive all the necessary
information to re-build your critical components ...
and those are ...?

The 3 Fs: Form, Fit and
Function

The phrase “the 3 Fs” is common parlance to
describe the criteria required of a component
designed as a replacement part. The answers to
the 3 Fs will then determine the capability of a
substitute component to act as a direct “drop-in”
replacement.

Let's walk through each of these “3 Fs” in turn.
Please remember that although we are initially
discussing semiconductor ICs, the criteria is
generally applicable to all “components”.

The Form

Here we are generally considering the mechanical
attributes of the component, such as size and
shape, and the suitability to withstand and/or
survive our assembly/embodiment processes. With
an IC, we're typically looking at the package style
and size, matching of the device footprint and the
ability to use the same board assembly processes.

An IC package is generally designed to conform to
a JEDEC outline, but as processes and materials
evolve, so older packaging technologies are
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replaced. Packages can go quickly out of style,
typified by the Dual-In-Line (DIL) package being
marginalized once surface mount assembly
techniques were perfected. There is currently little
issue with the availability of older package styles,
but this may change significantly in the future. One
example is of metal canning, such as the TO5 and
TO18 cans. Prevalent in the 1960s and early
1970s, metal can assembly is becoming harder to
find, and is now relegated to a few specialist
assembly companies. Changes in the lead finish,
due to environmental legislation, such as the Pb-
free section of the European Union's RoHS
directive, has led some packages and package
styles to premature extinction.

Some of the latest-and-greatest “sexy” packages,
sprouting pins in all directions, have been
developed for the PC and the mobile phone-type
market, so have a life or “fashion” expectancy of
only a few years, and will be dropped just as
quickly as they were introduced.

Please consider that re-engineering and re-tooling
a package can be an expensive business. IC
packages are not commonly “banked” yet, but this
may become more relevant in the future. Ceramic
packages generally “move” at a slower pace than
their commercial plastic counterparts, but ultimately
remain governed by the same supply and demand
laws of their high-volume cousin. Currently, the
plastic packaging performed by the major
packaging houses are subject to high Minimum
Order Quantities (MOQ’s) or Minimum Order
Values (MOV’s) due to the nature of their volume
business. Indeed, at least one company, based in
the USA, offers to “reclaim” plastic packages in
small volumes, effectively by “scooping” out the
original die and bond-wires to leave a cavity within
the plastic package that can be reused. Initial
suggestions that this technique is only suitable for
prototyping have given way to consideration that

this option may be suitable for small to medium
production runs.

Chip- or die-scale packaging is interesting (from a
technical viewpoint), as the package form and
connectivity will alter as the die changes, usually
getting physically smaller. The implications for
recreating the same footprint are, as you can
guess, horrendous. But, nil desperandum ... read
on.

The Fit

The Fit is concerned with the device specification,
and its suitability to meet the system level
requirement. This may include thermal and
electrical characteristics, along with a whole host of
other environmental, reliability and operational
parameters.

The “Fit” really asks the two questions “Is it fit for
purpose?”, and “Will it fit in my application?”

Since the mid-1980s,

many  semiconductor
manufacturers began

/i pulling out of the high
i reliability /  military
‘7 markets that initially
ii sustained them. The

effort  required to

maintain a presence in
a shrinking market was becoming an onerous
burden to an increasingly commercially sensitive
market. Specifications were re-targeted towards
commercial, plastic encapsulated parts, and
components were no longer rated nor
characterised for the full military temperature
range.

1994 saw the Perry report published by the US
DOD, which sensibly questioned the military’s need
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for “all things military”. The report concluded that
the prime criteria for component selection should
be that components used should be fit for purpose.
The IC’s environment, amongst other parameters,
should be evaluated against application, effectively
paving the way for the use of Commercial Of The
Shelf (COTS) components in specific instances.

This then allowed the military market to take
advantage of the wealth of semiconductor product
available to the commercial market, and in doing
so, sounded the death knell for many companies
that specialised in producing high reliability product
solely for the military market.

The Perry report is often misunderstood and
misquoted. The report did not expressly say “use
plastic” as some believe. The Perry report was also
attempting to improve the military uptake of
commercially available technology, so should be
viewed as a functional drive as well. In practice, the
initiative was intended to steer engineers away
from expensive ‘“special products” towards
catalogue items. These could include full military
specified devices as CECC or JANTX etc. The
result, however, was a significant drop in demand
for such suitable parts, resulting in their almost
wholesale obsolescence.

Product suitable for harsh environments is harder
to source, and often up-rating or up-screening is
used to obtain the desired “paperwork”, but if the
component was not designed for operation with
these extended parameters, no amount of testing
can improve the inherent reliability.

Would you worry that your new medical pacemaker
actually came from a musical Christmas card, that
your aircraft's guidance system had the same
reliability as a “tamagochi” product, that a missile
warhead was detonated by a commercial calculator
chip, or the rail networks time keeping was
controlled by a single cheap digital watch?

Component Engineering is a dying resource as is
design support from conventional distribution
channels.

So the burden is now firmly placed on the
component engineers within the large military
OEMs to ensure that the selected component
meets the operational application targets with a
commercial cost constraint; an often daunting, but
not impossible, task.
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The Function

The Function is exactly that ... does it perform the
function in the same manner and as well as the
component it is replacing? Does it perform the
same operation as the original, and if so, does it
replicate the same bugs, trips and traps as the
original.

In the same breath, function addresses the
electrical environment of the component. Does it
have the same input and output characteristics, will
it operate with the same supplies, and with the
same electrical “ambience”, such as /O filtering,
line impedance, timing characteristics, power
supply decoupling etc.?

The function is often the hardest criteria to
successfully describe or fully define, but can also
be the most critical. There is also the opportunity
here for the replacement part to correct errors or
omissions of the original part, but if so, is it really a
replacement part or an upgrade? Even minor
changes in function can be disastrous, as the “bug”
in the original chip may have been “employed”,
intentionally or otherwise, by the original designers!

Some changes in the operation of the replacement
part may be necessary, due to unavoidable
advances in processing and manufacturing
technology, which may then lead to alterations in
the embodiment of the replacing component.

A product requirement document, when written
sensibly, is often the best point of reference when
starting to analyse a device’s function. Analysis of
the functional test vectors, either at component or
board level, can also reveal some of the intended
function.

It is the author's experience that many COTs
devices with apparently identical functionality
exhibit significantly reduced performance as one

approaches the temperature and/or voltage
extremes.

Caution should be exercised in assuming that, just
because a part has a similar part number from the
same manufacturer, the internal die is identical or
even parametrically similar. The die source and
design is entirely at the whim of the semiconductor
manufacturer, his manufacturing plants and his
subcontractors. Consideration that his customer
may be *“abusing” his parts outside his given
parameters is not really his concern, he can now
absolve himself of all contractual and warranty
obligation.
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Or should that be the 4 Fs?

In addition to the 3 Fs above, it is strongly felt that a
4™ “F” should be added ... Finance.

A replacement part may be all well and good,
suitable in all aspects, but if the cost, either of
purchasing or usage, is prohibitive, potentially
rendering the final project or item unviable, then
even the best replacement part in the world will
remain unsold.

What the eventual customer wants is an economic
and viable drop-in replacement that suits all the
technical and environmental requirements.

A balancing act

Somewhere between the
original 3 Fs of Form, Fit
and Function, and
satisfying the 4™ F of
finance lies a solution that
will  solve everybody’s
problem. Sometimes not
all the 3 Fs can be readily
accommodated, as the original part relied upon
some unique feature or processing that cannot be
viably replicated ... so something has to give. This
compromise is often referred to as the “Threshold
of Pain”, i.e. what differences from the original
component are acceptable in the replacement
component, what changes can the customer live
with and tolerate within his given budget?

In considering this “compromise”, some thought
should be given to the compounding of changes,
i.e. that compromising on more than one front can
give rise to a “magnifying” effect, which may only
become apparent during final test and integration.

There may still be a point at which the 3 Fs are
overly compromised, and so the 4" F, finance, may
have to give way. As sung by Mick Jagger of the
Rolling Stones “You can't always get what you
want ...", so we are often attempting to achieve
“Best fit ... not perfect fit ”
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So where to now?

The assumption here is that all standard avenues
of parts procurement have failed, the last-time buy
timescales have long since passed by, and there is
no viable product available within the desired
timescales. Happily, there are numerous options for
semiconductor component replacement, many of
which may also apply to other technologies, so
here we've attempted to categorize them into some
semblance of order:

Direct replacement
0 Re-use of old parts (salvaged and
re-assessed)
Direct replacement with newly assembled
part (packaging on demand)
o Die bank replacement
o Commissioned new batch run
Indirect replacement with similar part
o Relaxed specification part (COTS)
o Alternative manufacture standard
part
o Alternative package part with
interposer (package adaptor)
o Use a higher specification part
o Alternative part with adjusted
connection options
Re-invention of part
o Similar part emulated by multi-chip
solution
o Similar part emulated using FPGA
technology
Re-design of part
o Similar part produced using re-
manufacture from original masks
o Similar part produced using ASIC
technology.

A typical Die bank
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Direct Replacement - Salvage

Generally this involves using components that have
been salvaged from other scrapped assemblies.
Naturally, all the old storage shelves have been
raided, and the engineer's drawers thoroughly
searched, haven't they!

Salvage is usually limited to the recovery of a few
components, since significant quantities are seldom
available by this process. As the history of these
parts is often lost, the parts may be regarded as
having questionable or dubious quality. Where
there is some history regarding the scrapped
assembly from which the salvaged parts originated,
the risk of re-use is somewhat lessened.

One logistics view is that a proven good part
remains a good part whilst a new part maybe less
able or consistent. However the alternative view is
that the reason the assembly is in salvage is
because the part you want doesn't work!

Be aware that many “salvaged parts” are likely to
appear to function correctly but may be “walking
wounded”, just waiting their chance to fail at the
most inappropriate time!

Once the parts have been removed and cleaned up
(leads straightened and de-fluxed, packaging
cleaned etc.,), subsequent testing and screening
may give some indication as to the perceived
quality, but without detail analysis some suspicion
will always shadow these parts. These parts must
be kept separate from other parts, and if possible,
re-marked / dotted or otherwise branded to indicate
their origin. A wise precaution would also be to take
note of where they are to be used, as this may aid
subsequent analysis of in-service problems.

Direct Replacement — New build

Where die or wafer banks exist of the correct part,
then these may be assembled and packaged as
new components, effectively as direct drop-in
replacements. If the specification or requirement of
the part changed since the initial component
embodiment, then further screening, beyond the
standard component screening flow is to be
recommended.

Certainly, in all the possible options available for
component emulation or  substitution, re-
manufacture of the original device from appropriate
die or wafer is certainly the ideal solution. To
enable this option, someone, somewhere, has had
the foresight to procure, then stock and bank the
wafers or die, and whilst this is stating the obvious,
consideration of die and wafer banking at the
earliest stage possible should be conducted during
any project’s lifetime. Whilst all die houses regularly
bank and store die and wafer, they can’'t second-
guess your requirements unless you've already
talked to them!

One of the main advantages of a die-banked or
wafer-banked part is that the replacement device
manufactured from the bank is effectively new,
having today’s date code on it (refer to “The Date
Coding Minefield ", published by the Component
Obsolescence Group International Ltd.). There can
be a continuous supply of new parts (until the die
bank is exhausted), which will have been
assembled in accordance with all the current
legislation, such as the RoHS directive from the
EU, and so be compatible with modern assembly
techniques.
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Direct Replacement —
commissioned fabrication run

Component Manufacturers calling last time buys
can naturally be as a result of falling sales, but can
also result from the obsolescence of the
manufacturing equipment and source materials

It is possible to request the original foundry to re-
run a specific batch or technology to create a stock
of parts ... but be prepared for the bill. Commercial
considerations aside, in general, semiconductor
components that are truly obsoleted by the foundry,
are really obsoleted by the very equipment that the
foundry relies upon. As newer technology is
imposed and wafer sizes increase, older
equipment, mask aligners, steppers, implanters
etc., are discarded, fall out of calibration and
become unviable or unrepairable. This then
obsoletes the process, which in turn renders the
technology, and hence the part, unavailable.

Whilst some foundries claim never to have
obsoleted a technology, it should be remembered
that if they haven't run that specific technology for a
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long period, it might take a lot of effort to recover
the “magic” (a.k.a. process chemistry) to yield
acceptable parts. Very old technologies were often
not as well controlled or documented as the newer
technologies, so there could be some surprises
along the way ... for all concerned.

If the foundry has already migrated that specific
technology to a later one, dependant upon the
guantity required (or in truth, the money available),
then it may be a slightly simpler task to re-mask for
the desired part. Process migration is no simple
task, and there are usually some compromises
made along the way, so the newly fabricated part
may not have identical characteristics as the
original. Remember that this happens to standard
parts (COTS parts) as a matter of course, as
technology “improves” and dies shrink, and, being
COTS, there is no requirement to inform the
customer.

If the original foundry will not or cannot undertake
to re-run the technology, other foundries with
similar technology may be willing to undertake a
conversion and attempt to process and
remanufacture to the original specification. Refer to
the section on Re-design — using the original
mask sets or tapes for further discussion and
details.
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Indirect Replacement — COTS
components

Often, a semiconductor manufacturer has stopped
selling the military grade part, but continues to offer
the industrial or automotive grade part as a COTS
(Commercial Off-The-Shelf) component, so why not
use those parts instead?

Apart from the obvious part qualification, process
line monitoring and paper trail normally associated
with high reliability components, there may be little
reason for not using an alternatively specified part.
Either up-screening or up-rating the parts, to
ensure that they can function within the extended
environmental parameters, may allay some degree
of doubt.

And those parameters are ...?

Now is a good time to re-evaluate the actual
requirement of the part. Does it really need to be
hermetic? Does it require full Mil spec. operation
from -55C up to +125C? Does it need that high
level of inspection?

In addressing these questions and others besides,
it may often be the case that the original part was
grossly over-specified for the intended application,
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whilst other parts do need that level of testing and
assurance. Application dependent specifications,
that's the message that came over loud and clear
from the 1994 Perry report referred to earlier.
Therefore the component user must determine his
unique “fit for purpose” criteria when selecting or, in
this case, re-selecting parts.

The assumption that all parts from one
semiconductor manufacturer are the same can be
very erroneous. Unless the manufacturer warrants
that the alternative parts are made on the very
same fabrication and process line as the original
military parts, then the assumption that “silicon is
silicon” cannot follow. Many manufacturers have
multiple plants making the same product, outsource
to other foundries or do both. If one of those lines,
which was making the military grade part, was to
close, then the part would still be available but not
necessarily to the same rules as the original
military part.

Some specialist companies, offer selected up-
screened COTS & PEMS devices as standard
product. These are selected only after exhaustive
and extensive analysis and characterization, with
the options of both industrial and enhanced military
grades.
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Newer IC designs

Much of the original semiconductor technology
designs and rules were sponsored by the Military,
so the historical ground-rules for design were
naturally highly conservative. As the markets
swung towards low-cost, benign environment, short
life-time availability parts, so did the design rules
change to promote higher vyield, lower costs and
greater density frequently at the expense of longer
term operability. Previous defect failure analysis
work determined the three major design IC design
issues that must be addressed (in a highly
simplified view): metal migration, hot carrier
injection and oxide breakdown.

These dominant semiconductor failure mechanisms
can be crucial to the overall design process and the
reader is encouraged to consider and investigate
these issues further.

Trade-offs in design-rules can and are used if the
target life-time and environment so permitted,
which may well compromise the part's use outside
of these stated parameters.

Indirect replacement — Second
source or close match

As with COTS components, using a second source
component or a component that is a very close twin
to the original component can be ideal, and once
again, if re-evaluation of the operational
specification doesn’t throw up any major problems,
this can be a quick fix solution. In practice it would
also be advisable to re-evaluate the component
from a reliability standpoint, as this is often the one
area that cannot be easily determined just by
poring over the data sheets.
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Indirect replacement — but the
wrong package style!

This is a common problem, as package styles can
go out of fashion just as quickly as they came in.
This is where the “interposer” concept is mainly
used a method of re-routing the pins or
connections such that the footprint matches the
original one.

The interposer is usually a PCB or ceramic
substrate, with unique interconnectivity, that the
new part is mounted on, offering up identical or
similar pads / pins for final assembly. The
interposer can often accommodate additional
components, usually for decoupling, and have a
final coating for ruggedness.

There are a number of points to consider when
using an interposer:

Are there any changes to the final
assembly  methodology needed to
accommodate the different package?

The effect of high temperature solder on
the new component?

Any interposer will necessarily introduce
additional  parasitic  inductance  and
capacitance, will this become an issue?
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Select the interposer material to match the
Tce of the component and board.

Are there any thermal implications of not
having the new device pins’ directly
soldered to the main board?

Size and mass of the new assembly.
Height and vibration can become an issue.
Can | use plastic devices, often referred to
as PEMs (Plastic Encapsulated
Microcircuits).

Another alternative to using interposers is to re-wire
inside the package itself. Assuming that the
appropriate package can be sourced, alternative
die may be used. Alterations in the device pin-out
can be then accommodated by intelligent use of
internal substrates or die posts/pillars. Again it may
be possible to include some additional components
such as decoupling capacitors or bias resistors.

Reinvention — using an MCM or
SiP approach

Sometimes a function can be replicated using a
multi-chip design, so an Multi-Chip Module (MCM)
or System-in-Package (SiP) approach may become
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viable dependant upon the quantities involved.
There is a top-end and bottom-end trade off for
guantities; too few, and the cost of tooling a novel
substrate and package becomes significant; too
many, and the high cost of assembly becomes
disadvantageous. Ideal quantities are technology
dependant, but lie somewhere in the low- to high-
hundreds. If the quantities start exceeding that,
then a full custom solution, maybe involving ASIC
or FPGA design, can quickly become viable. What
is usually involved in an MCM re-design is a new
ceramic or PCB substrate.

The lowest cost solution tends to be that solution
using COTS packaged parts on an flame-retardant
PCB substrate. The main issues here are a). the
matching of the footprint and allocated space
(height etc.,) and b). assuring that the application
can accept this COTS approach. Probably the most
expensive solution is that of using die devices on a
ceramic or similar substrate, in either a ceramic or
metal package, but in general, the ideal solution
lies somewhere between these extremes.
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Who owns what?

When a custom IC is made, one common question
often asked by the customer is “what do | own?".
An obvious enough question, but one with some
surprising answers. Consider all the people in the
design chain. First there is the customer, then the
designer, the mask manufacturer and then the
silicon foundry. There may even be a separate
packaging house involved.

Clearly, the silicon foundry owns the processes
required to successfully manufacture the custom
part, whereas the design rules may belong to the
silicon foundry, the design house or a third party.
The design house also has its own intellectual
property, i.e. its technical ability to convert a
customer request or existing design into a
manufacture-able device on that semiconductor
process.

The design itself may well be in question. The
design house may have embedded some its own
IPR in the device, the original manufacturer may
have IP rights of the design and device, or the
foundry may have contributed in permitting existing
designs / concepts to be employed, as in the case
of gate- or cell-array technology.

The packaging house may also have embedded
IPR in special packaging, assembly and testing
technology that in someway contributes to the parts
function or operation.

So finally the customer will own the GDSII stream
file and any special masks that he's paid for,
although nowadays these tend to be software
rather than tangible items. The ownership of these
masks may be dependant upon the contractual
agreement with the designer, foundry and mask
maker. The customer will also own the exclusive
right to have his design processed solely for him
through  the silicon foundry  (commercial
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considerations aside); no-one else is permitted to
use his masks or design without his written
permission.

Don’t forget the Memory

Memory devices come in all shapes, sizes and
architectures, thus introducing their own unique
problems. Obsolete “regular” RAM or EPROM
memory can often be replaced or “re-created” using
modern or current technology, as memory sizes
have always increased whilst die sizes have
shrunk. Tying superfluous address lines to static
logic levels is a simple option, but caution should
still be exercised when replacing “old & slow” for
“new & fast” technologies, the altered Tprop, Tacc
and I/O / 1 can uncover timing race problems
that were always there, but masked by the
characteristics of the original part.

Non-volatile memory development over the past
decades has spawned some proprietary and
unique technologies, such as NOVOL, NOVRAM,
EAROM and Bubble Memory, many of which are
best left forgotten. RAM-type Memory development
also gave rise to some very unusual configurations;
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variable  data-width, mixed memory/function
devices (RTCs etc.,), latched-address, dual-porting,
parity detection, error correction, FIFO registers,
CAM and VRAM with additional requirements for
data retention, sleep/wake-up etc., to name but a
few of the marketed variants.

The combinations of different memory types,
technology and requirements can make emulation
a nightmare for anything other than regular memory
product, although many memory types have
already been successfully redesigned and
replicated by the author's company. The judicious
use of address decoders, latches and buffers with
memory devices, either at die level within an MCM,
on a substrate or even as an ASIC, can lead to
numerous solutions and emulations of obsolete
memory devices.

Bipolar memory clearly had some unique features.
Fusible link PROM/ROM technology with unusual
data widths, early TTL devices designed for “wired-
or” function using open-collector outputs, and fast
ECL/PECL memory that still has the edge on speed
and access time. Dynamic RAM is now almost
exclusively used in PC technology, and the
methods of refresh and data access have changed
drastically to increase the data-buss bandwidth.
Backwards compatibility to earlier DRAM devices, if
it was ever there, has long gone.

Modern NAND or NOR FLASH memory highlights
a different issue. Whilst older FLASH devices may
well be capable of being replicated using later
devices, the software algorithms used to erase and
write the data contents may well have altered,
requiring software as well as hardware changes to
accommodate new devices.

Analog memory technology, such as the CCD /
bucket-brigade devices much beloved by the
musical effects industry (such as the SAD512 &
SAD1024), has all but dropped away, leaving really

15

no alternative technology except to revert back to
the digital domain.

All non-volatile memory products require data being
written to it, either in-situ by the application system
or by an external programming station. In either
case, the method of writing or “blowing” a pattern
into the new device should be considered. This
may often require either changes to the original jig,
or the manufacture of an entirely new set of
hardware. The programming software/algorithm
and/or the pattern data format may also have to
change to accommodate the new device.
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Re-invention — using FPGAs,
PALs or PLDs

Where the original part was wholly digital in nature,
replacement using programmable or re-
programmable logic becomes a viable solution.
One of the initial problems with using
programmable devices is that of mismatching pin-
outs. Commonly this can be addressed by using an
interposer board, even to the extent of having
additional pins or unique connectivity for the
programming functions. Another problem that has
become more and more relevant is that of supply
voltage and I/0 compatibility. The new ranges of
FPGAs, offering faster and denser arrays, require
lower supply voltages at increasingly higher
currents to supply the core logic, even if the 1/O
remains 5V compliant. Again the solution here is to
employ an interposer board for the FPGA with an
onboard switching regulator. Refer to the section
on FPGA migration for further details, but
remember that PLDs, FPGAs and the like can also
go obsolete.
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Where the original part was a microprocessor or
microcontroller having embedded code, the issues
of compatibility for emulation severely increase. If
the device was proprietary, employed patented
techniques or is subject to other IPR, then
obtaining the required redesign data becomes nigh
on impossible. Again, just having the original
datasheet or application handbook is insufficient,
as this will not cover the required information in
sufficient depth, although having said that, this data
remains invaluable if a “bottom-up” redesign is the
only course of action.

Micross Components Ltd.



Re-design — using the original
mask sets or tapes.

Where access to the original device mask sets is
available, the option of re-manufacturing becomes
available. Certain semiconductor foundries offer the
service of mask conversion and re-processing, but
this option can be fraught with uncertainties,
although it has been occasionally successful.

When do you select this option? Generally it's the
last port of call, as the costs can quickly escalate,
but if the documentation of the original part is
missing, poor or untrustworthy, or the part was
totally custom and the schematics are a mess
(more common than you would think), then this
option becomes viable. If the part was entirely
digital in nature, then chances of success are
enhanced, but then so are the chances of FPGA or
ASIC conversion anyway. If the part was analog or
part-analog to start with, then processing rules and
strictures become paramount.

Access to the masks is generally insufficient, full
knowledge and documentation of the original
semiconductor process iS necessary, some
foundries may already have set up a similar
process or a process route to accommodate some
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of the more common obsoleted processes, in
particular the older bipolar and larger geometry
metal gate CMOS processes. Some foundries may
also have used the original process and design
rules under license, so selection of the foundry
becomes critical. Access to original parts and the
original test program, as with other re-design
options, becomes very important, especially in the
reverse engineering scenarios often required in
determining and characterising both the original
function and processing.

As process geometries shrink, the cost of masks
and number or required masks proportionally rise.
Typically for sub-micron geometries around 0.18u
using between 25 and 29 masks can cost upwards
of $350,000 for a full mask set. Note that pricing for
mask sets and wafer runs vary enormously with
manufacturer and maturity of process.

If the original process had special features, such as
NiCr resistors, SOI or E? technology, then cross-
matching to an existing process can be well nigh
impossible, so a re-design becomes the remaining
option. Design houses can sometimes extract
sufficient design information from the old masks or
tapes to enable them to re-design the product, but
this is often quite laborious, and not undertaken

lightly.
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Of ASICs, FPGASs and other
things

When considering the use of some form of custom
part to replace an obsolete or unobtainable part, it
is usually worthwhile also considering what other
parts or functions can be subsumed into the new
part. Whether it is for saving space, weight or for
future-proofing the new design, thought as to
additional functions or improvements is seldom
wasted. Add to that thought ... what is not needed,
as additional functionality can impact cost and
yield, and device simplification can reduce testing
requirements.

With ASICs in particular, having the option of die
bonding options can aid testability and fault
coverage, while board level testing can be assisted
by the inclusion of JTAG or boundary scan
facilities. ASICs can also be multi-functional,
offering the ability to replace a number of different
parts, dependant upon the bonding or patch
configuration.

If the part was manufactured and sold as a data-
book product, caution should be exercised to

18

ascertain that the embedded function is not subject
to patents, copyright or other legally limiting
strictures, For example, certain phase-locked loop
ICs are known to be subject to patented techniques
to reduce phase jitter. The IC’'s function may be
replicated, but not duplicated is such a way as to
contravene the existing patent ... a task which is
well nigh impossible.

Function migration ... VHDL and
Verilog

For purely digital parts, the use of a descriptive
language is highly attractive. The transportability
offered by both VHDL and Verilog can be used in
the re-design of a custom or ASIC part, migrating
from older technologies to newer ones with ease.
Firstly, the code should be well written, not relying
on the vagaries or specific nuances of different
custom libraries, simulators or synthesis tools, and
should be well annotated. It is not sufficient to
annotate and document the code in a separate
document, the code itself should be well remarked
and where possible, self-explanatory ... consider
that the person reading it in the future may be well
versed in the language, but not the device function,
and that other associated files and documents have
been “lost”.

The code should be kept at both the behavioural
and at the RTL (Register Transfer Logic) levels,
and not just at the gate level. All test benches and
resultant test outputs (waveforms and test vectors)
should be stored alongside the high-level code and
archived in a manner that makes retrieval possible!
Please read the “The Long-Term Storage
Minefield ",  published by the Component
Obsolescence Group International Ltd., for more
information regarding data storage.
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The choice as to whether to use Verilog, VHDL or
another language is very much down to the design
team. They will naturally involve the fabrication
plant or FPGA vendor to select the appropriate
language before they embark upon a large, code-

churning, exercise. The two main languages,
Verilog and VHDL, have very different
characteristics, and will often reflect the

methodology of the original design team. VHDL is
more often used for a “top-down” approach, where
designers start at the system level and work down
to the component level, whereas Verilog, beloved
of component designers and fabrication houses,
offers a more “bottom-up” philosophy.

FPGA or ASIC?

The choice for a purely digital custom part, whether
or not it's a replacement part, is usually between a
custom or semi-custom ASIC or FPGA. The trade-
offs between the two approaches centre around
both the required quantities and desired price. The
initial development, either from schematics or
synthesizable code, is very much equal for either
approach, but then the pricing starts to differ.

FPGAs are expensive, either as single items or in
higher quantities where very minute price breaks
are offered. ASICs, on the other hand, once the
production order has been placed, effectively offers
“free-issue” silicon.

It should be remembered that ASIC manufacture
requires a production order to fabricate a number of
wafers, often resulting in far more parts (die) than
needed, and onto which the packaging and test
costs must be added.
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Some FPGA technologies are erasable, permitting
variants or ‘“engineering trails” throughout the
development phase, which can be a boon when a
project team is entering into FPGA development for
the first time, but the manufacturing department
may think otherwise if they are having to deal with
numerous code/pattern changes. One advantage
that FPGAs do offer, however, is the “quick and
dirty” fix if the original design is found to contain
errors or bugs, in similar circumstances an ASIC
generally has to go though a re-spin, although
possibly only at metal stage. FPGAs can also offer
embedded memory, although in reality ASICs
perform this task a lot better.

FPGAs are “flexible” throughout the life-cycle of the
project, and design changes that occur later on
during manufacture can be accommodated
provided the FPGAs have been stored in “virgin”
form i.e. only programmed just before embodiment
or via ISP/ICP.

To achieve similar flexibility, the ASIC must either
have had the extra functionality already built in, or a
design re-spin is required ... effectively scrapping
the previous production run held as die or wafers.
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FPGA migration

Migration from one FPGA to another one of a later
generation is regarded nowadays as a fairly
straightforward task, even though it may well soak
up many man-hours of engineering time in re-
running the simulation and verifying the result is
correct. Device speed is a critical issue, and must
be addressed thoroughly in conjunction with the
application circuit ... it is not uncommon for the
newer device, with faster propagation delays, to
highlight severe deficiencies in the original design.

One issue that is becoming germane with FPGAs is
that the power supply requirements are changing
significantly ... and not necessarily for the better.
As the FPGAs are getting larger, faster and using
smaller geometries, the core and IO voltages are
dropping, with the attendant increase in supply
current. At present, the 10 voltages are such that
compatibility with a 5-volt world is becoming
increasingly more rare, and that 3.3-volt and 2.5-
volt 10 standardization is becoming the norm. The
core voltages are more of an issue, dropping to as
low as 0.9 or 0.75 volts for new generation FPGAs.
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The recommendation here must be for the use of
switch-mode power supply regulation capable of
being adjusted or selected to cope with dropping
core voltages and increasing core currents. It
should also be noted that the requirement for
device power supply decoupling will also change,

and that the static supply current will climb
significantly, even though the dynamic or
operational supply currents remain relatively

constant. This then implies that the overall power
dissipation will increase, so some thought as to the
thermal characteristics and thermal budget wouldn’t
go amiss!

FPGA packages and footprints are also changing
rapidly, so the use of PCB or ceramic interposers
should be considered from the outset. Repackaging
of new die to match the original footprint can still be
considered, but note that the programming pins
and algorithms may drastically change from device
to device and generation to generation. FPGA
manufacturers also regard their internal topology as
one of their key intellectual properties, and so the
purchase or procurement of bare die or wafer may
not be an option, and certainly not in low quantities.
Speed may also be an issue with FPGA
technology, as in general an ASIC will always
outperform an FPGA on the speed and power
budgets, and will offer the ultimate flexibility in
terms of connectivity and package options.

FPGA development kits are reasonably priced, will
run on most PCs, and normally can accept either
VHDL or Verilog code. Some manufacturers offer a
complete design methodology and route through
from concept through synthesis and pin assignment
to actually making the part, with subsequent
options of FPGA to ASIC conversion should the
production volumes warrant such a migration.

In short, with FPGAs we can generally match the
Function, and still preserve that function through
many generations of devices, but the changes in
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Form and Fit will undoubtedly have to be

addressed at each device change.

IP Cores

Many FPGA and ASIC manufacturers can also
provide or licence IP cores, predefined common
logic blocks with known functionality. These IP
cores, also available from 3™ party IP houses,
whilst not particularly cheap, can cover common
microprocessor and complex functional parts, such
as UARTs, DMA controllers and various buss
interfaces, which often the least expensive route to
redesigning a complex microcontroller-type
product.

ASIC migration

Like the local said to the stranger seeking
directions “It depends from where you’re starting
from”.

If the original part was a custom part, then
generally the replacement part will also have to be
a custom part, so it depends upon how much real
information is available to begin with. Real is
stressed here, as a lot of stored well-intentioned
data can be meaningless if the original concept or
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“Rosetta Stone” is missing. In general, recreating
an ASIC should start with a netlist, VHDL or verilog
code, schematics or anything that relates to what
was actually designed in the first place ... that's
sorting out part of the Function. Next comes test
and simulation information, as even if we did make
a “Chinese copy” of the original part, it needs to be
proven that that function is correct, so we’re looking
for test vectors, the original test program,
simulation sources etc., anything to corroborate the
schematic or netlist.

The procurement, test and quality specifications will
be required to extract such information as supply
voltages, /O interface requirements, pin allocation,
package style, operational speeds and frequency.
Application circuit diagrams and assembly build
details will also be required as a sanity check to
ensure that the new part “drops” in to the same slot
as the original. Any pertinent notes from the original
designer are welcomed, and even better ... his
home telephone number!

In the author’s experience, project success is highly
dependant upon close and timely co-operation
between the customer and the designer, especially
on a technical level. Proximity to the customer
helps, but it is the engineer to engineer relationship
and understanding that eventually leads to a “right
first time” project.
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Partnerships and Relationships

The relationship between the design house and the
foundry is crucial to the success of the design
house and the project, often more important than
his relationship with his customer. Design houses
that specialise in ASIC design for obsolescence
solutions are used to dealing with small volume
orders, and, in collecting sufficient orders, can
appear to the foundry as a major customer. The
foundry recognises that the design house acts as a
buffer for these small orders, simplifying the
technical and application support required of the
foundry’s over-stretched staff.

All semiconductor foundries profits are governed by
their volume throughput, and so small volume
orders must inevitably take a back seat come the
accountant’'s “month end”. As semiconductor
manufacturing is a long process flow, in general the
delivery information is very accurate, so pushing
the foundry for faster delivery of only 5 wafers after
sitting on the procurement order for a long period
does not and will not get the product delivered any
faster, nor win any friends in the process. Too often
time is wasted at the beginning of a project, waiting
for funds to be allocated or the “signature” from
someone etc., whereas the back end of the project
is put under unrealistic strain in attempting to meet
the original target deadline. If you recognise this
scenario, then maybe you should do something
about it!

The relationship between foundry and design
house can be quickly soured by one single
customer who attempts to bypass the design house
and insist upon direct communication with the
foundry. If there is no contract between customer
and foundry, the foundry may often politely ignore
or refuse the request, referring all communication
back to the design house. In general, it is in the
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customers interest to foster the relationship
between design house and foundry, knowing that
he can obtain direct, accurate and honest
information on his projects status from the design
house, and if he can't ... change design house.

It is not unknown for foundries to “blacklist” certain
large  OEM customers, due to the level of
interference seen on previous projects, to such an
extent as to refuse orders from that OEM, even
indirectly via the design house.

After all, that customer may need to use that route
again sometime!

Technical requirements

Once the choice of ASIC is made, there are again a
number of options that the design house will run
through. As the playing-field of ASICs opens up so
many possibilities, dependant upon finance, some
research and decisions is required before opting for
a specific technology and development route. For
purely digital parts, the technology options can be
between bipolar, CMOS or SOS, using a gate-array
or sea-of-transistors approach through to a full
custom layout. For analogue or mixed signal, the
technology choice will include BiICMOS as well, but
often the gate-array layout option will not be
available for the analogue sub-section.
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So, requirements again, this time in bullet form

Data on original part library, and
Circuit or schematic diagram(s), or
VHDL or Verilog code, or

Device netlist and library(s)

and

Test vectors, or
Test Program, or
Simulation test benches and results

and

Procurement specification, and
Test specification or datasheet, and
Anything else that might be helpful.

The above list is the minimum requirements for a
successful project, although many designers have
been asked to work from the proverbial “back of a
cigarette packet”. A clean table napkin is the
author’s preferred medium of choice.

For analogue circuits, schematic diagrams are
extremely important, and should include
information on transistor dimensions (FET & BJT),
sheet resistivity, capacitor areas etc., as some
parameters just can't (shouldn’t) be guessed at.
AHDL code is starting to rear its head and whilst
AHDL can determine and specify the major
operational parameters for a conventional analogue
block or sub-circuit, it currently fails to accurately
address transistor-transistor operational
parameters in unique circuit configurations ... I'm
sure it will improve, or so I'm informed.

The original storage of that information now
becomes very important, so please refer to “The

23

Long-Term Storage Minefield ”, published by the
Component Obsolescence Group International Ltd.

Technical considerations for a
digital replacement part:

Apart from the obvious detail, the choice of foundry,
fabrication technology and logic approach need to
be considered from the initial consultation. Older
bipolar technologies can be replaced with faster
CMOS technologies, but most of the I/O and supply
characteristics will change. Single-ended or
differential linear logic families, such as CML, ECL
or PECL, will require detail analysis before a
technology conversion can be satisfactorily made.

The inputs
The inputs have to match the original part,
and live within the target application, so a
detailed study of the input requirements
and variations should be carried out on a
pin-by-pin and pin-group by pin-group
basis. The study should include :

Level thresholds and hysteresis, multi-level

inputs

Compatibility to other logic families

Pull-up, pull-down, DC and leakage
characteristics

Loading parameters on the driving (input)
device(s)

ESD protection arrangement  and
mechanisms

Linear characteristics

Anticipated input slew rates

Supply dependency

Open pins in application

Noise susceptibility

Proximity to Power and Ground supply pins
Special cases, test pins etc.,
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The outputs
Again, the outputs require the same study to match
into the target application. The characteristics of
the original part should be matched and
understood. The study should include :

Drive capability and requirement
Bi-directional and leakage characteristics
ESD protection arrangement  and
mechanisms

Open drain/source/collector/emitter
configurations

Application or drive loading

Output slew and skew parameters, rate
limiting requirements

Data rates

Proximity to Power and Ground supply pins
Special cases, monitor points, external
slugs, crystal drives, etc.,

The power supplies
Often neglected, the device power supplies should
be considered in detail, from both the components
viewpoint, and the effect that the new component
may have upon the existing power supply
arrangement. The following should be considered
in depth :

Static voltages and currents  with
operational/tolerance range

Static, Dynamic and operational voltages
and currents

Absolute maximum limits

Power supply sequencing

Actual application power supply impedance
and proximity decoupling.

PSRR, noise etc.,

The AC performance and timing
Often only a handful of critical timing parameters
are specified, but these may have implications on
how the device actually operates. When replacing
“old & slow” with “newer & faster” technologies,
serious analysis of the original timing requirements
is needed. This is a classic “gotcha” trap, in that
faster devices can uncover serious timing
weaknesses in the original design. Adding suitable
delays and timing control at the design stage (and
analysis as to “where”) can avoid these problems,
some of the areas to be considered are as follows :

Frequency relationship: Fyax, Tper, Trrop,
Tep

CPT (Critical Path Timing) or propagation
paths

Bandwidth, gain, noise, phase etc.,

Clock path/tree, splitting, phase correction
Reliance on parasitics

The Function

This is often the hardest part of a complex device
to successfully describe, so some knowledge of the
final application and usage is needed. Use of VHDL
or Verilog as a functional descriptive language is
the preferred route for large digital designs. The
function may be described, in part, by the original
test program and test vectors, but consider that
these were only written to ensure that the part was
correctly made, not to check out in detail the full
application operation. Test vectors should be used
as part of the design control methodology to ensure
that the final emulated device matches the original,
but additional detailed application simulation data is
often required to provide the level confidence
needed before committing to silicon.

Adequately described?

Use of power-on/supply level resets

Is device fully initialisable

Test vector format and test coverage.
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Semiconductor processing
Knowledge of the original processing can assist,
especially where the original process incorporated
unusual geometric or design features. Whilst not
strictly necessary for simple CMOS logic parts, this
becomes fundamental information when
considering analogue or mixed-signal devices.
Bipolar digital parts often also require this
information, as input, output, timing and supply
characteristics were often determined by the
original technology employed. The whole history of
the process is generally not required, and is rarely
available in any event, but certain key features are
needed :

Original design rules, including current
densities, parasitics, DRC rules.

Unique features, e.g. NiCr, Fusing, High
BVceo, EEPROM

Changes in DRC rules

The device package
Naturally, without knowing the final package form,
the redesign really cannot proceed. Knowledge of
just the package style is usually not sufficient, and
how the original part was assembled should be
analysed for the following points :

Pin count, function and placement

Bonding features, multiple bonding of
supplies ?

Package type and style

Parasitic elements: Bond-wire inductance
and pin-pin capacitance

Socketing & carriers

Final packing and delivery

Thermal characteristics

Attach and connection methodology

Technical considerations for an
analogue or mixed-signal
replacement part:

Firstly, apply all the above that were considered for
a digital part. An analogue part differs somewhat in
that the geometric size of active components, as
well as their physical placement, is usually critical
to the overall operation, so often the designer has
to delve into the original layout to extract additional
parameters. The original processing and foundry
details are also important in determining
operational behaviour, especially under different
electrical and thermal conditions. The application
circuit becomes more significant and, especially
with the higher frequencies, the application board
layout and packaging technology can be critical.

The detail and test specification documents are
also a good guide as to what parameters are
crucial, and what secondary parameters may have
to be sacrificed. The chances of first time success
are slimmer than with a straightforward digital
design. Quite often the customer himself doesn't
know what parameters are really necessary and
what effect they may have on the final unit. Power
dissipation and localised thermal hot-spots will also
require detail analysis.

Finally, component tolerancing may be important,
both internal and external to the ASIC ... no
manufacturer really wants a select-on-test
approach to the final product.
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One could be forgiven for thinking that a digital
device has none of the foibles or pitfalls often
associated with analogue components, but it
should be remembered that all electronics is
analogue to the outside world. Many complex
mixed-signal devices frequently resort to the little
“A” big “D” in design, trusting that the big “D” can
handle all the offsets, inaccuracies and vagaries
that the “A” inputs have to offer.

Typical “gotchas” on ASIC re-
design

This heading alone could fill a book, as almost no
two designs are alike, and the traps are many.
Most ASIC designers have a mental list of criteria
to watch out for, generally borne of many years of
bitter experience. In the main, the “gotchas” mainly
stem from either incorrect data or lack of data.

The customer would do well to remember that in re-
designing an ASIC, the designer is now required to
become the new “expert” on the device. Consider
now that the designer often will have no knowledge
of the system or scenario in which the device is to
survive and function. That all this knowledge and
expertise be gained by “last Wednesday” is a
happy recipe for disaster.

An excess of data is often welcomed, as conflicting
data at least gives rise to questions being asked,
and resolutions sought. This documentation should
be (or should have been) stored in a legible and
recoverable manner. In the final event, the success
of the project depends heavily upon the clarity and
accuracy of the data presented.

Unknown revision of original silicon.
Additional “tweaks” made or original part ...
multiple re-spins

Documentation not matching working
devices (very common)
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Undocumented requirements (extremely
common).

As stated before, often the initial requirement or
procurement document, if written intelligibly, can be
an excellent source of information. These
fundamental documents are invaluable if the
original methodology or design cannot be followed,
often for reasons of missing IPR, as they can allow
alternative thoughts and design options to be
considered.
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A simple checklist

How many parts to | actually need?
o This will affect the viability of further
options.
o Do | know of another project/customer
order that requires the same part.

Is the original device available in correct
package style?
0 Then procure immediately, don’t wait
for last-time buy!

Is the original device available in
alternative package style?
o Investigate the use of an interposer or
substrate

Is the original device available, but only
at a reduced or alternative
specification?
o Consider up-screening
o Recheck your original requirement,
does the specification make sense?

Is there an alternative source device
available in correct package style?
0 Assessment and qualification

Is there an alternative source device
available in alternative package style?
0 Assessment, qualification with
interposer etc.,

Is there an alternative source device
available, but only at a reduced or
alternative specification?
o Consider up-screening after
qualification
o Recheck your original specification,
does it still make sense?
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Is the die/wafer of original device
available?
o Look at manufacturing new device
o Can | purchase enough, and should |
bank die for the future?

Is the die/wafer of an alternative source
device available?
o Look at manufacturing new device with
fresh assessment.
o Did I actually seek to bank these parts
when | could?

Is the package style available?
0 Chip-On-Board / interposer option, else
retool package.
o Is an alternative package style
acceptable?

Was the device originally an ASIC?
0 ASIC or MCM only viable option.
o Consider whether an FPGA &
interposer could meet the
requirements.

Was the device originally an
FPGA/PAL/PLD?
o Migration or FPGA to another FPGA or
ASIC

Is the device purely digital in function,
and would it fit into an FPGA?
o Migration of ASIC to FPGA
o Look at the quantity needed; what
makes commercial sense?

Are the original masks available?
o Consider re-fabrication
o Can | afford it, or is it my only option?

Is the original design data available?
o Commence re-design
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A backward glance

One of the earliest attempts at creating a logic
family for commercial use must be the Mullard
Combi-logic blocks. Each 10-pin block was about
¥ by 2" by 1", colour coded for function, and
internally contained 2 or 3 0OC44 or OC45
germanium transistors. There, that should set some
of you reminiscing.

Early digital IC technology centred on saturated
bipolar junction transistors, and hit the market as
RTL, then DTL and then as TTL. The ubiquitous
74xx TTL logic family from Texas Instruments,
named for its marketing launch date in 1974,
quickly became the logic family of choice. Later
developments of this TTL family introduced
saturation limiting mechanisms, often employing
schottky diode junction technology. Non-saturating
digital technologies were also being developed,
such as 10K and 100K ECL, PECL and CML ...
significantly faster as it was a “current diverting”
rather than “voltage switching” technology. The
power/speed budget for these bipolar technologies
was always a limiting factor, despite the marginal
gains that numerous design and process tweaking
gave.

Initially, MOS logic developed slowly, seen
originally as an “ugly duckling” requiring a plethora
of odd supply voltage requirements. Appearing first
as PMOS, then NMOS and finally CMOS in a
variety of logic families, the most notable being
RCA’'s COSMOS 4000 series and Motorola’s
MCMOS 14500 series. Almost overnight these
CMOS families took a sizable slice out of the stable
TTL market, replicating many of the 74xx devices in
function. CMOS 74xx families began appearing,
offering significant advantages over their original
bipolar parts.

Two things did change, however. Supply rail
decoupling, often in earlier TTL designs merely
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“given the nod”, become significant and often
critical with the CMOS parts ... ground and supply
bounce became a reality to many engineers in the
1980s! Secondly, the real problem of latch-up was
unmasked. Bipolar devices were relatively immune
to both ESD and SCR-type latch-up, MOS
technologies were not. CMOS in particular had an
inherent SCR- or thyristor structure that could,
under specific circumstances, be triggered to act as
a supply crow-bar ... new handling techniques and
practises had to be developed, along with anti-
static labels and containers!

With CMOS came the reality of low power
functionality; the only power dissipated was caused
by parasitic capacitance, a static device would
draw negligible power. As the dissipated power
was a function of rate of change of voltage, it was
natural that lower and lower threshold CMOS
devices would be rapidly developed alongside
attempts at reducing substrate capacitance.
Technologies such as silicon-on-sapphire and
silicon-on-insulator attempted to address the
substrate capacitance issue and, although these
technologies were hideously expensive in the
beginning, they had other benefits in the radiation-
hard environments. The RC time constant of the
MOS device and interconnect resistance driving
into the parasitic line and gate capacitances
became the dominant limitation to the power/speed
design trade-off.

CMOS processing geometries were shrinking in
accordance with Moore’s law (the prediction, made
in 1965 by Gordon Moore, then CEO of Intel
Corp.), and the thinner isolation dielectrics were
unable to withstand the increasing field-strengths,
hence the maximum supply voltages dropped to 5V
(maintaining compatibility with other logic families),
then to 3.3V, 2.5V, 2.2V, 1.8V and below. The
power budget was steadily increasing, matching
the desire of enhanced speed; the lower supply
voltages meant increasingly higher supply currents
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were needed. Copper, rather than Aluminium is
starting to be regularly used as metalisation in very
high-speed devices, significantly reducing the
interconnection impedance, and the re-immergence
of SOI technologies to further reduce substrate
capacitance. As the MOS device geometry shrinks,
and the V5 drops, parasitic and leakage currents
become more apparent, such that an operationally
static device would still draw a hefty supply current.

The linear market went through the same changes,
with early operational amplifiers from Fairchild
Semiconductors, such as the uA702, uA709,
leading onto the uA741 and uA748 and beyond.
MOS technologies crept into the front end of op-
amp design to increase the input impedances,
whilst battling to maintain reasonable input offset
voltages. Inroads into other analogue functions,
such as ADC and DAC technologies, were much
faster, the MOS transistor being eminently more
suitable than a BJT as an analogue switch. Bipolar
didn't completely lose out, it's still required and
used for specific functions, such as for band-gap
references and extremely tight device-device
matching.

Understanding the paragenesis of over 60 years of
semiconductor development aids us in attempting
to replicate the older or obsolete devices. Previous
generations of technologies have been intentionally
set aside for commercial reasons, and some niche
technologies have been relegated to obscure
markets. One case in point is the automotive
sector; increased in-car functionality requires more
and more complex digital electronics, running at
lower supply voltages, whilst the generation and
supply side remains at 12V, possibly increasing to
42V, requiring electronic interface and operation at
these voltages. Higher voltages are also suggested
for electronically controlled suspension, steering
etc. Fundamentally we will require semiconductor
devices that are fit for purpose, mixing technologies
to achieve a final product, the implication being that
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high voltage parts won't vanish, but they may not
be ideal or suitable for a market other than that
intended.

As this section is necessarily brief, please forgive
any glaring omissions.

Alun D Jones

Technical Director
Micross Components Ltd.,
Oriel Court, Omega Park
Alton, Hampshire, UK
GU34 2YT

Tel : +44 (0) 1420 594180
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Glossary

ASIC
ASSP
ANSI
BiCMOS
BSI

BJT
CMOS

COTS
CECC

CENELEC

CAD
CAM
CCD
CIF

CML
DIN

DOD
DDX

DMA
DRAM
DRC
DTL
DXF
EC2)VL
E
EECA

ENCASIT

EDIF
ECL
EPROM
FFF
FIFO
FPGA
GDSII
ICP
ISP

P

IPR
IEC
IEEE

ISO

Application Specific Integrated Circuit
Application Specific Standard Part
American National Standards Institute
Bipolar and CMOS

British Standards Institution (UK)
Bipolar Junction Transistor
Complementary Metal Oxide
Semiconductor

Commercial Off the Shelf

CENELEC Electronic Components
Committee

Comité Européen de Normalisation
ELECtrotechnique

Computer Aided Design

Contents Addressable Memory
Charged Coupled Device

Caltech Intermediate Format

Current Mode Logic

Deutsche Institut fir Normung (DE)
Department of Defence (USA)

Die Data eXchange (ES59008 Part 6-1,
IEC62258 Part 2)

Direct Memory Access

Dynamic RAM

Design Rules Check
Diode-Transistor Logic

Drawing eXchange Format

End of Vehicle Life

Electrically Erasable

European Electronic Component
Manufacturers Association

European Network for the Co-ordination of
Advanced System Integration Technologies
Electronic Design Interchange Format
Emitter Coupled Logic

Electrically Programmable ROM

Form, Fit and Function

First-In, First-Out Memory

Field Programmable Gate Array

Graphical Display System (Version 2)
In-Circuit Programming

In-Situ Programming

Intellectual Property

Intellectual Property Rights

International Electrotechnical Commission
Institution of Electrical and Electronic
Engineers

International Standards Organisation
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IBIS
JEDEC

JTAG
LTB
MCM
MOQ
MOS
MOV
MPW
NMOS
NiCr
OEM
OCM
ovi
PAL
PCB
PEMS
PECL
PLD
PMOS
PROM
PSRR
RAM
RoHS
ROM
RTC
RTL
SOC
SOl
SOS
SRAM

SiP
SPICE

STEP

TTL
UART

VHSIC
VLSI
VRAM
VHDL
WEEE

1/0 Buffer Information Specification
Joint Electronic Devices Engineering
Council

Joint Test Action Group

Last Time Buy

Multi-Chip Module

Minimum Order Quantity

Metal Oxide Semiconductor
Minimum Order Value

Multi-Project Wafer

N-type Metal Oxide Semiconductor
Nickel-Chrome

Original Equipment Manufacturer
Original Contract Manufacturer

Open Verilog Institute
Programmable Array Logic

Printed Circuit Board

Plastic Encapsulated Microcircuits
Positive (or Pseudo) Emitter Coupled Logic
Programmable Logic Device

P-type Metal Oxide Semiconductor
Programmable Read Only Memory
Power Supply Rejection Ratio
Random Access Memory

Restriction of Hazardous Substances
Read Only Memory

Real-Time Clock

Resistor-Transistor Logic

System On Chip

Silicon On Insulator

Silicon On Sapphire

Static Random Access Memory
Systéme Internationale d’unités
System in Package

Simulation Package for Integrated Circuit
Electronics

STandards for the Exchange of Product
data

Transistor-Transistor Logic

Universal Asynchronous
Receiver/Transmitter

Very High Speed Integrated Circuit
Very Large Scale Integration

Video Random Access Memory
VHSIC Hardware Description Language
Waste in Electrical and Electronic
Equipment
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