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Chapter 1

DC Production Parametric Testing Overview

Upwards of 1000 facilities worldwide do semiconduawafer processing. Of those, around 500
produce wafers with functional devices that wind hging used in electronics gear. Around
2000 parametric testers are used in those sit€@spf7@hich are obsolete. That is, the system
vendor has stated they no longer provide new vessioo longer update software, and will only
repair on a best-effort basis. Obviously, theuf&l of any obsolete system in a production
setting can have catastrophic effects on waferuiutp

Except for simple devices such as diodes and stoms| wafer fabrication depends on taking dc
and capacitance data from simple test structurasisting of diodes, resistors, capacitors, and
transistors strategically placed across the waferoduction parametric testing provides proof
that manufacturing processes are under controugiirahe measurement of those simple test
structures, collectively known as process controhitors (PCM's). Properly designed, PCM's
produce information on the quality of major procstgps and their interactions.

Integrated production parametric test systems aml@ction of computer-controlled instruments
and software for creating tests, controlling prebeiormatting data, and interfacing with
corporate networks. They are used to gather data PCM's, with much of the results being
individual data points for each parameter (Vt, HB/dss, Ron, etc.). As a new process Is
developed, entire wafers are covered with a contibimaf PCM's and functional test vehicles.
Testing is done by technology development usingptiesis that often have thousands of results.

As the process is brought under control, fewer PRCavie placed on the wafers. By the time of
transfer to production, a few PCM's are tested \wafer with each PCM representing a

proportional amount of the wafer. Thus, there rilgh 5 sites on a 150mm wafer, 9 on a
200mm one, and 17 on 300mm wafers. In producsome companies rely on PCM's that are
placed in locations that could have product diel atihers put PCM's into scribe lanes between
product die. That level of coverage is called 1G@%ting when done for every wafer in a lot.

DC Production Parametric Test System Suppliers

In February 2009, prompted by an unprecedented townn the semiconductor industry,
Keithley announced that it would no longer suppitegrated parametric test systems.
Customers who knew of the impending loss of supfarr6900 and S400 models in 2010 were
told that the latest S600 models would not havepstipstarting in 2012.

In the consumer electronic world, five years metms or three generations of products. In
production e-test, five years is barely enoughdbggarted. Some parametric testers have been
in continual use for over 20 years.
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Replacing the obsolete Keithley systems doesn'tuiregnew measurement capability.

Production management have long been satisfiedaaipabilities of systems offered by Agilent,

Keithley, and Reedholm, so new measurement capebilare not important when obsolete
testers are replaced with supported ones. Intampt to stay in the game, Keithley claims that
test code from the obsolete systems can be easilgdgto roll-your-own test systems now made
up of Keithley components.

Agilent and Reedholm are now the only suppliertuafikey, integrated parametric test systems.
Like Keithley, Agilent markets to technology devahoent. That approach works as long as new
fabs are being built. Although these talking psidb not bear up to analysis, they were used so
much that they must have been successful in obtamiders from new fabs:

"The tester needed for 200mm, 300mm etc"
"1fA (or 1fF) sensitivity for the next technologpde”

Compared to the cost of a new fab, parametricrested probers are virtually free, so buyers are
not budget constrained when outfitting testers fmw fabs. Promising the moon in
measurement capability worked because no one vianisk buying a tool that is inadequate.
Not having rigorously controlled test algorithmssazot a problem because customers wrote or
modified 90% of algorithms provided by Agilent oeithley.

Objectives in Technology Development E-Test

Parametric testing in technology development olsliplas to be responsive to development
needs. Test speed is not critical as long asidaaailable within a day or so of the final praxes
step. What matters is that test plans can beexteat modified very quickly. It does not really
matter if excessive delays and averaging are useshake sure that critical parameters are
measured correctly. Also, some measurements ade that would be way too slow to make in
a production environment. For instance, insteach@&suring leakage currents to assure channel
pinch-off or oxide integrity, actual leakage cutrenight be specified as a critical need in
development regardless of how long the measuretoekt

Because an overwhelming amount of data is proddoeitg development, and because outlier
data can be ignored in development, not all teatee ho work properly. Also, test structures
with flawed designs have to be tested even if stahtest algorithms do not work correctly. For
instance, a structure with sneak paths to othess paduld be redesigned before reaching
production. But, until then, it might have to bsed to gather critical process information.
Being able to create and use custom tests for aialatevices makes sense in development.

Such a disparate array of system requirements pusigeparametric testing envelope, so test
systems with lots of bells and whistles are puretldsr development just in case one of those
invented features might be needed.

Objectives in Production E-Test

On the other hand, production parametric tests gdaslowly and do not push the testing
envelope. The application defines what is needd&deasurements made today are largely
unchanged from those made 30 years ago. In eftest, structures evolve through the
development process to match what has proven &dfeetive in controlling previously released
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processes. Thus, structures that might have esdjub-pA or sub-pF measurements during
development are scaled so that good data can lergdtin a few milliseconds instead of
seconds. Furthermore, it is not unreasonable qaimre that all tests released to production
execute in <100msec.

In production, cost is paramount as long as consr@ssured. That means the solution with
smallest possible footprint and highest throughpuiest as long as testing coverage addresses
the application.

- Several sites need to be tested on every wafeetdify bulls-eye yield drops and zero-
yield wafers. Modern processing tends to bludigppendence, so statistical area sampling
is seldom valid. Without such 100% coverage, sqaoblems are passed to the back-end
and incur even higher costs.

- Tests need to generate true results useful in wramgt or improving yield.
- Software needs to have the same configuration @loarother manufacturing activities.
Problems with Technology Development Transfers

Most semiconductor manufacturers operate with apromised production parametric test
operation. Typically, technology development gmupeate test plans with thousands of
parameters that produce a combination of processsgul, and device modeling data. So much
data is taken during development that optimizatrom a quality or speed perspective is seldom
considered until it is time for parametric testitogbe transferred to production. By then, it is
assumed that the best approach is to start ou tistnsame test plans and testers in production.
This is problematic on several levels:

- Product engineers inherit slow, bloated test plgesdo not have time to optimize tests for
production. They are too busy sustaining previpteleased test plans. Once volume
picks up, the bloated, slow test plans become ttebetk that is often addressed by
frustrated management dictating an arbitrary redadh the quantity of tests.

- Development focused parametric testers have measuatdeatures that do not matter to
production e- test. Two recent examples are RFsareanents and multi-frequency
capacitance meters. Buying development testengrémuction wastes money on
measurement frills seldom, if ever, used in prouct

- Because speed is never an issue, development gspapd money for measurement
resolution that is unrealizable in volume testiagg unimportant in production. An
example is buying testers promoted as having fA&ven aA, sensitivity, when the lowest
production pass/fail decisions are made at tem\of

When the Agilent and Keithley development test plare transferred to production, bottlenecks
almost always appear because tests are not ch@adt®r optimized for accuracy and speed.
Test times are incredibly high compared to whaty tebeould be, regardless of test system
vendor. In head-to-head evaluations, Reedholnesyshave been 2X to 7X faster. Almost all
of that is due to lack of diligence at the timerainsfer to production. After the transfer, no one
has time to work on bottlenecks or accuracy.
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Software is Uncontrolled and Almost Uncontrollable

In addition to being slow, test software deliveréd production is uncontrolled.
Unfortunately, it stays uncontrolled, so in manypdgoroduction e-test might be the only
production activity that does not have configunatintrol or revision history.

As long as there are no test problems or changessis, lack of configuration control is not
an issue. But changes are a fact of life, andytj@st data shifts to test code changes is close
to impossible. It essentially falls to what thegraetric test engineer can remember.

Accuracy is not the Highest Priority

Accuracy is another problem with transferred tdang. Critical (pass/fail) parameters are
usually accurate and repeatable right away becewader lots are dispositioned on them.
However, monitor parameters taken for possible dyiéloubleshooting are not well
characterized. In evaluations done by Reedholrf¥% ©b monitor parameters are incorrect.
For example, leakage measurements are sometimas tiad soon for currents to even start
changing, breakdown results are reported even thoaigforcing supply has reached
compliance, and breakdown measurements do notinékeccount current being diverted to
another part of the test structure.

None of those mistakes affect yield, but they wadstee and resources during testing and
during analysis. Inaccurate tests should be foredeleted instead of being ignored.

Lack of Tools to Assure Accuracy

Surprisingly, test characterization is not easydim on testers targeted for technology
development. Each test type should have one ore ndevice characterization sweeps
associated with it. For example, current gain mesments should provide collector
characteristics and Gummel plots at the click d@u&ton. Breakdown tests, especially ones
done with low currents, need current or voltagesusrtime tests to determine how long
delays need to be and how much averaging to use.

Without easy to use characterization tools, itasyeto understand why tests are not properly
characterized before transfer to production.

Problems with Latest Technology Development Systems

To recount, production e-test goals are seldom winetn technology development software is
transferred to production. Without in-depth reviamd test plan improvements, transfers cause
testing bottlenecks unless an inordinate numbdestf systems are acquired. With the recent
economic downturn, there has been pushback on thooughput. Rather than deal with the
fundamental issue of technology development tesisgbpoorly characterized and slow, new
Agilent systems propose to put band-aids on thbleno by promising:

- Adaptive sampling.
- Multi-threaded, parallel testing.
- Single-pass testing for DC and RF parameters.
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Adaptive Sampling is Still Sampling

Adaptive sampling is slightly more palatable thamgpsampling, but still risks moving low
yielding and/or unreliable functional die to firtelst, and eventually to customers. That is a
high price to pay for deficiencies in control obguction e-test. In these days of single wafer
processing, parametric testing needs to have goeerage of every wafer being produced.

Multi-tasking/Parallel Test Still does not Belong m Production E-Test

Parallel testing smacks of attempts 20 years agonwgince users to multi-task a single set of
instruments among multiple probers. That died legause test times per touchdown were
not the speed limitation in production e-test, #rat is not the fundamental limitation now.

Furthermore, since there is little duplication evites in production PCM's, simple parallel
testing of similar devices does not apply. Fortirtakking to work, multi-threaded software
has to be used so that multiple faster tests canuge simultaneously with slower ones. In
addition, test structure layouts have to be corbfmtvith a specific test system model.

If excessive delays and unnecessary averagingaidhloat test times, average test time per
device would be too short to even consider the aextosts in complexity, software
development time, and test structure layout time.

At first glance, multi-tasking tests might haveo& in technology development when similar
devices are often placed in the same test strycamek have similar test conditions and test
times. However, multi-tasking test software is Basy to do, so it takes much longer to
create test plans. Since throughput is not an itapbcriterion in technology development,

there is little reason for technology developmetgieeers to use multi-tasking tests.

Realistically, multi-tasking tests can be a boorsliow wafer level reliability testing when
sites are probed for minutes or hours. But slowRMardly needs the speed and flexibility of
a production e-test system. That application & Berved with dedicated tool sets, not ones
that cost $600,000.

Additional Bottleneck from Combining DC and RF Tesing

Combining DC and RF in production testing mightdmod for Agilent, but does not help
production fabs that make both types of wafer mesmsants. Before the economic downturn,
Reedholm bested Agilent and Keithley in head-todheampetition at a GaAs integrated
device manufacturer that had previously decidedude a combined DC/RF system for
parametric as well as RF testing.

While the replaced Agilent system met its spediitoss, getting good RF data with a probe
card interface that worked well at DC required R¥€atibration each time the card was
changed. That caused such a bottleneck that ahBleedester was evaluated. It was so
much faster that two Reedholm testers were ableepdace five obsolete HP testers.
Furthermore, data was more reliable.

RF test is done with the Agilent DC/RF system aftefers have been qualified on the
Reedholm systems. Calibration is still requireddach unique RF system probe card. But at
least the bias tees do not impact DC test datahirfdsight, the company could have put
together a standalone RF system for far less mometythe Agilent DC/RF system had
already been purchased.
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Empty Promises of Laboratory Results on the Produaebn Floor

In addition to the features that purport to deahvwechnology development tests being poorly
characterized and slow, Agilent promises to providboratory measurements on the
production floor.

One implication of the claim is that test structureannot be scaled for fast, accurate
measurements. Another is that the Agilent systeodyces lab results. The latter is
elaborated with marketing hype on the Agilent broehpromising 1fA and 1fF sensitivity. A
closer look at the specifications shows guaranpeetbrmance 500 to 1000 times worse.

Regardless, even with the utmost care, it is nesie to reach fA and fF with an integrated
tester and probe card because probing parasitersvbelm real device values. That is, if one
were trying to measure the true gate capacitan@ sshall device, the probe pad and probe
card capacitances would overwhelm it.

Whether Agilent testers operate down to 1fF or ifAimmaterial from a production
standpoint. If there is a need to measure 1pFpér decause a test structure device is too
small, it needs to be scaled to a larger size befelease to production. Otherwise, the
parameters will be too problematic to be brouglttanrcontrol.
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Chapter 2

Production E-Test Changes Slowly

Unlike functional testing of communications, digjitand memory devices, production e-test
needs change very slowly. Tests from 30 yearstildeing run today and still work. Process
control monitoring structures provide information thicknesses, doping levels, device widths,
etc. Structures are very simple, and have notggmuch in the past 30 years:

- Capacitors are still capacitors.
- Diodes are still diodes.
- Resistors are still resistors.

- Transistors are still transistors.

Obsolete and New Testers Take Same Data

Fab managers with several generations of test mgstenow that production e-test changes
slowly. It is not unusual to see three generatimingest systems in use, with obsolete 20-year-
old testers making the same measurements and iogevath the same limits as the latest and
greatest models.

It isn't that the latest models cannot make betteasurements — they obviously can. But all of
the energy and effort in designing and marketirgths largely wasted because production e-
test needs have hardly changed over the past 3§.yea

Testers are Independent of Wafer or Feature Size

Although Agilent and Keithley tout testers matchedwafer sizes or technology nodes, the
claims are empty.

Structures Have to be Scaled for Accurate Parametdextraction

When done correctly, test structures are scalée tgpood monitors, and are not representative
of in-circuit devices. Even with minimum size tssstors, adding probe pads distorts true

behavior. Parametric testing cannot get at traiesistor behavior at the latest nodes, so there
is no justification basis of needing special measwent capability for smaller features.

Ironically, with the latest technologies, thinnesides have meant that more current, not less,
flows in properly constructed devices, so the tduteed for "1fA" resolution had no validity.
Wafer Size Only Matters for the Prober

There is no relation between test system capasiland wafer size. A different prober is all
that is needed when going from 75 to 300mm. Testquirements depend only on the
parameters being measured, and those changeligtgime.
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Complex Structures are Measured with Simple Tests

Thirty years ago there was no need for measurenténtsore complex structures like contact
chains because only one metal layer was used.sliiét resistances were measured as well as
line widths. And a contact chain measurement ist ja resistance measurement with
consideration for high resistance and local heatifidnis is one of many examples in which
additional structure complexity does not requirey test methods.

Instrument Specifications Are Overkill

Semiconductor process parameters are not well atadrcompared to test and measurement
instrumentation capabilities. Even parameters @hatwithin a=5% span have several decades
greater uncertainty than production e-test systenior example, parametric test system
uncertainties in 1980 wer).05%, or 100 times better. Now uncertaintiesdaen to+0.01%
today, or 500 times better. Those are strikingpsatvhen the rule of thumb for control of
random variations is that measurements be 5:1rlibtia the process parameters.

Similarly, process parameters are more sensitiveengperature than instruments. Typically,
process parameters vary by >0.3%/60 temperature control aflC° creates errors 30 times
greater than modern test system specs.
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Chapter 3

New Paradigm for Production Parametric Testing

Wafer acceptance testing can be done with more,rajolower costs, and at higher speed if
production goals are defined independently of tetdgy development. Breaking the umbilical

cord from technology development can improve thhgug without sacrificing 100% coverage.

By properly characterizing each test released talystion, critical parameters, i.e., those with
pass/fail limits, will be tested faster. Furthemmoonly monitor parameters that are useful in
yield troubleshooting or yield improvement shou&ldarried into production.

Few, if any, Design Parameters

While functional device performance is the ultima&ason for processing wafers, yield of
functional devices does not provide direct proceestrol feedback. Nevertheless, some
foundries do provide functional device performanie¢a as well as process parameters. For
example, the MOSIS servicewfw.mosis.conp includes a ring oscillator structure that has
enough elements and a frequency divider that tleéladsr output can be routed through any
production e-test system. The ring oscillator measents provide valuable information for
foundry comparisons, and the output frequency aamided for wafer acceptance, but unlike a
true process parameter, a failure does not powar a particular process step, or steps.
Because functional testing does not provide achlenprocess information, adding them should
be a well-justified exception.

One True Result for Each Parameter

There is only one right value for every test stnoetmeasurement, and it cannot depend on tester
model, serial number, or type of instruments.hé#re is no self-heating, buried gate control, and
no interference from light, wafer level measurermaran only depend on test conditions. When
doing correlation, agreement should be extremebdgat least compared to process variability,
unless test conditions stress the device and/@echreakdown. Of course, the high temperature
dependence of semiconductor parameters means #fat temperature has to be under tight
control when checking correlation between testéfsr example, a 1C° difference between two
chucks could easily mean >1% difference in regtgtithreshold, etc.

If the test system does not have built-in, easyst® device characterization software, finding the
right answer can be difficult. Taking the wafer docurve tracer with three or four micro-
positioners is hardly adequate. The test systditesare connected to all pads at a test structure
site, and it is often the extra connections thakeneorrelation among testers problematic. At
best, sneak paths through the site have to chamgeed cable capacitance and thus require
longer delays. At worst, capacitance loads cad tedatch-up that does not recover until the
test is over and power is removed.
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Critical or Scrap Parameters

These are sometimes called "go—no go" parameteosevimput variables should be under strict
configuration control. There are between 10 ands&@p parameters. Passing them assures
adequate functional yield. Foundry contracts ageld on these parameters, and customers can
negotiate additional tests for additional costsvelQtime, parameters are added as needed to
unambiguously detect low yield wafers.

Statistically significant failures cause lots tohmdd for dispositioning because functional device
yield might be too low and/or because device rdlighmight be affected. While the ultimate
goal is for wafers to be scrapped when there atesstally significant failures, scrapping wafers
is the province of top management who rely on pekexperience, yield/quality projections,
and advice from product engineers charged withyairag results.

Monitor Parameters

These parameters (typically 50 to 300), are taKengawith scrap parameters. They guide
process troubleshooting during lot dispositioningl are early warning indicators of process
shifts that might eventually cause yield drop$i@ process is not adjusted.

However, lots are not dispositioned using theseltgsso limits are often not applied or are
ignored. Nevertheless, they often provide the @hlgs when there are yield problems, so they
need to be measured accurately. Technology deweloptest plans often have many useless
tests when released to production. In evaluatsomse by Reedholm, 10 to 20% of monitor
parameters produce meaningless results.

When low yielding wafer lots escape scrap scresrmitor parameters that correlate with the
yield drop are promoted to scrap status by addpmyapriate limits and using its status in the
wafer lot pass/fail calculations.

What Isn't Production E-Test?

Tests that do not provide actionable feedback ongsses or process interactions are sometimes
run on production e-test systems. The followingageaphs lists some of them.

Integrated Device Measurements

Measurements of integrated devices such as ringlatscs, memory cells, and ESD
protection can flag yield problems, but one or mofr¢he process specific tests should have
flagged the problems as well. Because numerousepsovariables interact, yield of a specific
device can be high when a process parameter islycleat of control. Furthermore, not
enough sites can be tested to provide statisticgdtd projections.

Process Improvements

When development testers are tied up for new ptadiemelopment, production e-test systems
are used for process improvements and yield inyastins that are otherwise development
activities. If scribe line structures are richlgpulated, this is done on production wafers.
Otherwise, test wafers are run.
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Device Modeling

Production e-test systems are well equipped toegdth sweep data for device modeling,
and it makes sense to monitor channel lengths adithswvith a couple of transistor sizes, but
taking device modeling data on every wafer and yeVet seriously impacts throughput
without an increase in modeling data quality.

Process Reliability

Other than a few highly accelerated wafer levehlglity tests that execute in well under one
second, WLR tests are done at low stress levelsc#mtake minutes to days, and are seldom
tied to a specific wafer lot. Testing does notén&y be fast, and automatic wafer handling is
seldom needed. While a production e-test systembeaused for wafer level reliability tests,
attributes of speed, automation, and databasinghetréapped. Process reliability tests are
best done with a tester and prober combinationcadéetil to the task.

RF Wafer Measurements

Putting RF capability into a production e-test sgstdramatically reduces dc measurement
accuracy because bias tee isolation resistors ntakapractical to use Kelvin sensing.
Throughput is hampered because merely changinglzeprard requires recalibration of the
RF sub-system before dc testing can start on apmeduct.

Some semiconductor materials can have poor vyieltigh speed despite passing dc
screening, and packaging can also degrade perfeaenaiihat is why devices have to be
individually tested at speed after packaging. Heveit does not make sense to package
large quantities of devices when there is a prodefighat affects all of them. So wafer level
RF tests are needed, but those can be done wiRFainstrument set and a semiautomatic
prober that augment high-speed screening usingiptiooh e-test systems

Exotic Lab Tests

Despite marketing pushes by Agilent and Keithleging able to make laboratory
measurements on a production e-test system isasometo actually make them. Such tests
are inherently slow, and usually only measure ffstesn itself. For example, the flattening
seen in sub-threshold tests is seldom a deviceactaaistic; instead, it is a signature of the
system, probe card, or lack of adequate timingydela

Only those tests that can be used for processaasitould be transferred to product. Here
are some of the tests that are so problematicalttiey should never be used for wafer lot
dispositioning:

- fF Capacitance, which really means <1pF.

- fA Currents, which really means <1pA.
- Multi-frequency capacitance.

- Charge pumping.

- 1/f noise.
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Agilent 4082A is Development System llI-Suited foProduction E-Test

The 4082A is expensive at 200% more than a Reedhedter. Plus it requires an expensive
prober plus an expensive handler because of the/hest head. As a result, the larger footprint
takes a lot more expensive clean room space, ane tince for operators to change probe cards.

Because Agilent does not provide device orientstgan development software, it takes more
staff to create, transfer, and maintain test plans.

Using it for production e-test sacrifices throughfar the promise of additional coverage that is
almost impossible to achieve.
- RF capability in this system slows down throughgmd dramatically reduces accuracy of
dc measurements.

- Despite marketing specifications touting 1fA an#,lduaranteed performance is much
worse. Furthermore, probing parasitics overwhaal device values at fA and fF levels.

Agilent4082A Parametric Test System
Data Sheet

Figure 1 - Latest Agilent Development System
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Look Closely at Specs

The chart below is from the 4082A spec sheet on Agdent WEB site.
performance guarantees are 250 to 1000 greateptbamoted resolution.

Note that

Agilent 4082A Parametric Test System

Data Sheet
General Marketing Description Performance Specifications
DC Measurements Voltage Source/Monitor Range,
Spot, Sweep, Pulse Bias, and Resolution, and Accuracy using HRSMU
Pulse Sweep. \l‘nFlt:“ 5;:"
Measurement unit: pe Range H;:u;;c.ﬁmw :ughmnﬂ
HRSMU (High Resolution SMU),! 2: 0. a0
. 12V |b:0.0Z5% = 5000V | b: 0.035% = 700pv
MPSMU (Mediom Power SMU 2501  Rmatx lo c: Rmatx lo g
and HPSMU (High Power SMU) 1 Difference
Measurement range:
1 fA® to 100 mA, 2 p¥ to 100 V . ]
(usi Current Source/Monitor Ranne, Resolution, and Accuracy
ports) 10 using HRSMU connected to SMU1 and SMU2 ports
200 V* (usi Full Scal
SMU pO(ﬂB]jng Current B:l:le Force Accuracy Measure Accuracy
! Can be used only with 1% %
current matrix cards - -
+100 b: 0.4 + 0.0001 X Vo % b 0.12 +0.0001 XVo %
’I{:x;gﬂﬁuggﬁwu. 10 pa .csou?A+1M2wn c;snum;+nmfvo
[T}
* Uing optional HPSMU. Using ~J 500:1 T L a:4% a4%
: PA | b:4.0+0.0001 xVo% be 1.0 +0.0001 X Vo %
gy At 100 mA, 24V to Difference CSI0MA+16A/VxVo | ¢ 5001A+ 1A xVo
Two Terminal Differential Voltage DC Measurement Subsystem: Full-Scale Ancuraoy
Measurements Digital Voit Meter (Agilent 3458A) Voltage Range [Aeselution (X of roading + volf)
Measurement Unit- Agilent 3468A Voltage Measurement Range, 0y D1V | 0.D0% + 100 A
Measurement range: 0.1 p¥ to Resolution, and Accuracy (at 1w 1V L D01% 4+ 1004
100 V (only when using ultra- number of Power Line Cycles =1) TR
low-current matirx cards), or 1000:1 -
1pVio 100V Difference | 100v W0pY | 0.02%+1mV

Figure 2 - 4082A Specification Sheet with Comments

Current Guarantees are 500 Times Worse Than Marketig Hype

Resolution of 1fA touted in the general marketimgctiption becomes 500fA for guaranteed
performance specifications, and that is beforecesfef output voltage and voltage range are
figured into the calculation. However, currentswdoto 500fA can be achieved in a

production environment without undue care, and duoa&srequire adding extra costs to a
$300k prober to reduce chuck noise.
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Low Noise Chucks are Needless Expense

For good low current measurements in a productionrenment, all that is needed is a
probe card that guards against effects of dieteatssorption and measurements on the top
of the wafer. Expensive probers with special lavise chucks are not needed.

Test structures are simple devices, so they canadsed in such a way that measurements
never have to be made with the chuck connectedrieasurement node. Furthermore, test
structures that require connection to the chuckulshde redesigned to maximize
measurement performance.

Chuck Current is not a Process Parameter

If test structures require measurement of chuckeotir the test is not suitable for process
control because factors influencing measurementlitquaasily overwhelm the
measurement being made. In effect, the abilitthefsystem to measure chuck current is
being monitored, not the device.

Voltage Guarantees are 1000 Times Worse Than Markiety Hype

Voltage resolution of the system voltmeter is tduae 100nV, but guaranteed performance in
the system is 108/, or 1000 times worse. Even the more modest SkHdlution of &V is
only warranted to 506/ while in the system. However, thermal emf's frdissimilar metals

in the system can easily be >8] and copper to doped silicon is >300Q so being unable
to assure sensitivity less than the guarantee @hd@robably does not matter. Additionally,
software zeroing can compensate for steady stédetsf

Capacitance Guarantee at 100kHz is 150fF Compared tLfF Marketing Hype

Low-level capacitance measurements are easily dwdnaed by the probing environment
and by the test structure itself. Probe pad c#émace is such a limiting factor that
capacitance assurance <1pF requires use of dumasyfpaoffset compensation.

The Agilent guarantee of 150fF is reasonable, lohiexing 1fF uncertainty would require
magic, even in a laboratory system.
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Chapter 4

Using Reedholm Testers in Production E-Test

Variety of Cabinets - Same Instrumentation

Reedholm systems are not layered with -
or driven by planned obsolescence. -~
means they cost less and deliver all of
performance required for product
applications. Some customers have tel
their change to Reedholm as a retroac
"Back to the Future" implementation wh
production e-test is kept simple and fast.

A variety of cabinets can house the hig
modular Reedholm instruments showr
figures 3 to 5. The minimum footpr
achieved by housing the instruments in
RI-EG high prober table below provic
fast, cost effectie operation for up to !
wafers. For larger wafers, RI-40 or R3-
cabinets are used. Really high pin c
systems are put into the 7', RI-70 cabinet.  Figure 3 - Multiple RI-40's for 200mm Wafers

Figure 4 - RI-EG for 150mm & Smaller Wafers  Figure 5 - RI-70 Cabinet for Up to 600 Pins
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Eliminate Risk of Obsolete Test Platforms

Within a few months, Keithley will stop providingigport for the S400 testers. Support for
previous models was dropped long ago. When Kaithilgport finishes, customers will have to
arrange for spare hardware or repair by third psugypliers to minimize downtime. However,

third party support has yet to surface. Agilergpred support for the 4060 family many years
ago, but some users countered by buying up useédnsys Now Agilent is pushing customers
from the 4070 family to the 4080 models.

Capabilities Were Not Driven by the Application

New Keithley and Agilent parametric testers weré¢ ariven by production e-test needs. If

they had been, customers would not be able toeueral generations of test systems side-by-
side. But they can, and do. The test and measuniestrategy of layering on new functions

every few years, regardless of customer needsawaxpensive race that Keithley could not
win, or handle, so they quit.

Continual Improvement Through Software

Production e-test is best served by test systemtsdi the job, not by having to purchase
marketing inventions. Measurements have beenNargechanged for 30 years, but more
powerful computers and continual software improvetsi€ramatically improve productivity.

Bring Production E-Test Under Control

A veteran parametric test engineer got a lauglobbeing asked about configuration control for
Keithley parametric test software written by hismgmny. When asked how there could be none
in a production environment with all sorts of rigas controls, he said that no one talked about
it. Then he offered that relying on the judgmehparametric test engineers has not harmed his
company. Maybe not, but how could that be, and takg the risk?

Use Standardized Test Algorithms from Reedholm

When new code is installed, improvements in Reedhebkt algorithms are applied to all test

plans. No edits are needed. Algorithms are medlithrough Engineering Change Requests
(ECR's), so control over them is extended to tretacuer through formal software releases.
Standardized algorithms are not a problem whenymtooh e-test is based on getting the right
answer. When results change between old and néwase, it means that test conditions

were not as well characterized as previously thbagh need to be fixed.

Configuration Control Over Test Conditions, Limits, and Coverage

Configuration control features in Reedholm RDSdn#t software assure that test parameters
and test limits are under revision control at thstemer site. Control over input conditions is
through release of tests in the RDS Intranet datbaln addition, test site hierarchy
(tests > intradie test list > intradie pattern > giattern) can be independently released
because their content is not affected by the wmsteat.

When a new test, test list, or test pattern isas#d, it is automatically used when the next lot
is tested. There is no need to go to any of iddial test system to effect the changes.
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Define Process Testing and Restrict Testing to Them

By taking control of production e-test, manufaatgrimanagement can insist that all tests
produce actionable data. That is, failures shqduht to a process step, or process step
interactions. On the other hand, if results arthiwipass/fail limits, data should be trusted.

That is, yield investigations should not look inparametric test results until all other

possibilities are explored. When technology dewedent releases test plans to production,
tests that are not process specific need to bgjtigtified to management.

Test All Wafers in All Quadrants

Adaptive and parallel testing are band-aids appitethe real problem of inadequate speed
and excessive testing. Testing multiple siteo(5L6OmMm, 9 for 200mm, 17 for 300mm) and
every wafer should not be a problem if care is taketting up test plans. In an era of
individual wafer processing, statistical sampliraqeot find or prevent zero yield wafers or
low yield zones on otherwise good wafers.

Figure 6 - 100% Coverage of Each and Every Wafer

Use Less Floor Space

The best way to free up floor space is to buy fet@sters. A formal hand-off of optimized test
plans from development to production is a good.stBewer testers are needed when production
e-test is kept simple. By avoiding developmenteteswith frivolous features, exotic and slow
tests do not creep in.

When multiple obsolete testers are replaced, oteads of buying new Agilent systems,
Reedholm speed advantages can free up >50% of rdserly allocated space. Since test
systems are kept in controlled environment cleams) saving a few square feet of floor space
can add up to a considerable amount in only a favsy

Increase Productivity

Reedholm customers do not have to double-up orfirgjafor device engineering and
programming. That is, a product engineer with deaxpertise does not have to be paired with
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a programmer to get the job done. Once traineBesdholm software, the engineer should be
able to transfer new products into production irccuple of days. The rest of a product
engineer's time can be spent improving yield or ingkield information more available. For
Reedholm customers, sustaining engineering forymiiah e-test is a part time effort.

Stories from a Few Satisfied Customers

GaAs Foundry Reduced PCM Test Times by 7:1

Based on previous experience with Reedholm, a nEwations manager included Reedholm
when replacements for obsolete HP testers wereuaeal. The evaluation justified the
manager's confidence, and two testers were ordergaroduction. In addition to providing
full coverage of test types, speeds with the Rekedlsystems were so much faster that the
complicated adaptive testing strategy written bg ttustomer for the HP systems was
scrapped. Now data is gathered from multiple sitgess each and every wafer. Thus, going
with Reedholm had the unforeseen benefit of getbiagk to 100% coverage. In addition to
improving coverage, some previous measurementsemere corrected. For example, an
uncompensated error of 30% in measurement of dlglapdate capacitor at 1IMHz was
identified by measuring at 100kHz.

SiC Depletion FET Test Times Reduced by 2:1

SiC FET testing was being done on a Keithley S4&)0gusource code written by the in-house

Keithley parametric test engineer. The group manags not so sure that the code had to be
unique, but the internal customer thought so astlikdparametric test engineer. Reedholm

was able to do the entire suite of tests usingdstahmenu selections, and test times were
reduced by 2:1. Furthermore, a channel pinch-ast that had been measured for years at
~5mA was found to be 1000 times lower. In fact, itsWass than the probe card noise pick-up
of 2nA peak-to-peak. The incorrect value had remrbfound because the S400 did not have
software tools to easily find that the current jpoesly measured was from the drain to the

substrate instead of through the channel.

GaAs Integrated Device Manufacturer Replaced Five &sters with Two RI-EG's

A valiant attempt to use an Agilent DC + RF systmstead of obsolete Agilent dc only
systems plus an RF station was not successfultde&gilent claims. RF calibration took so
much time that DC test became a severe bottlen&hHortly after they were installed, two
Reedholm RI-EG systems were able to do the testirfgur Agilent systems. The Agilent
DC + RF station is now used solely for RF testind device modeling.

Silicon Fab/Foundry Replaced Four Testers with RI-3 + Spare

An unmet need for 1500V testing on 150mm wafers maswith an RI-75 system. The RI-
EG cabinet was not realistic because the custoraeted to use another type of prober for
the application. The customer was pleasantly gegrto find that one RI-75 was able to do
all of the testing previously done by four obsolagglent testers, thus freeing up the second
RI-75 for engineering projects and developmentdiens.
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Chapter 5

Reedholm Production E-Test System Features

The block diagram of a production e-test systemfigared for an RI-EG cabinet is shown
below. This system can be expanded to more dgiseand have additional test capability.

Figure 7 - RI-EG Intranet Configuration

Typical 24-Pin Configuration
- 24 Matrix pins.

- TAC/PAC interface to rectangular probe card thaasily adapted for circular cards.
- Force/measure currents from 100pA to 550mA witloltggon of 3pA.

- Force/measure voltages fromm0to 200V with resolution of BV.

- Capacitance at 100kHz from 100fF to 10nF with resoh of 3fF.
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Enhancements

For slightly more expense, these optional cap&slitan be installed:
- Sub-pA matrix that increases span to 100fA witloheson of 3fA.

- High current SMU for pulsing power devices to 5A.
- 2kV supply for breakdown measurements or charaetéoin.

- Four channel pulse generation to confirm NVM cekeation.

Data Driven Software

The Reedholm graphical user interface is actualWBB page, so it provides an intuitive
interface that is easy to support through compexetution.

- Delays and averaging are input directly as datardsc There is no source code to hide
excessive delays.

- Test algorithms are tightly controlled by Reedhadbtmt fully documented with on-line help.

- Arrich set of inputs and outputs per algorithm assweoverage of test needs. With >20
years continuous evolution of process tests, tisditle chance that standard routines
cannot gather all required data.

- In keeping with the belief that there is one righswer, product and other device engineers
have immediate access to optimization and charaatem tools.

No Obsolescence — Timeless Systems

Unlike Agilent systems, Reedholm testers shippedl986 have been kept current through
software and hardware updates. Computers havetbomagh several phases, and software has
kept pace. Because continual improvement of sofiwaften highlights instrumentation
shortcomings, changes to instrument modules arsgifeiel and incorporated when modules are
sent to Reedholm for checkout or repair. With nsbdgpkeep, the oldest instruments perform at
essentially the same level as new ones. Custodeeret have to concern themselves that two
systems with instrumentation manufactured at défietimes might perform differently.

Device Test Oriented Software

Users do not have to be programmers or computeisgorcontrol test plans and data generated
by Reedholm systems. Being able to explain trémrsand resistor operation from |-V curves, or
to explain semiconductor capacitance from a C-Weuis adequate knowledge and background
to be an effective user.

Rich Set of Input and Output Terms

Typically, one Reedholm test algorithm generate®is¢ parameters, and that algorithm has
many input variables and output terms. That is swprising since Reedholm has been
improving the data driven test code for >20 years.
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Example: Vt at Point of Maximum Slope

The routine that finds the point of maximum slop&S) outputs six parameters, has a rich
set of input conditions, does extensive error clmggkand computes output parameters.

Output Parameters
1) Gm extrapolated from PMS

2) Vtextrapolated from PMS

3) Vgs at PMS

4) Ids at PMS

5) Vgs necessary for conduction to start the search
6) Vds bias used during the test

Figure 8 - Gradient (Slope) Overlaid on Vgs Transf€urve

A rich set of test conditions can be input:
1) Five possible terminals: well, bulk, source,idrand gate.

2) Upto 12 separate pins per device terminal.

3) Unassigned pins can be grounded.

4) Bias conditions for each supply, including catriémit value.
5) Span of Vgs for search.

6) Delays for settling after initial bias and afeach step.

7) Whether to use AC power line synchronous averagi

8) The number of readings to be averaged for neidection.

Each test can be used for dispositioning:

1) Three double-sided sets of limits are availdbteach test.

2) Each test can be used for continuity and forewktt dispositioning.

3) Error conditions encountered during testing,, @goltage-forcing supply in current limit,
select a numerically assigned code that is multipby a very large multiplier (1e+20) to
invalidate results. Also, fail codes are listedha on-line help and link to pop-up text errors
during test debugging.
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Software Configuration Control

When new released code is applied, improvemeniegdholm test algorithms are used for all
test plans without having to make any edits. Rekuhcontrols test algorithms through
Engineering Change Requests (ECR's), so contral thee test algorithm source code is at
handled at Reedholm and extended to the customer.

Control over input conditions is through releasdesits held in the RDS Intranet database. A
master test table holds all tests, released asasadhgineering ones. The hierarchy above a test
can be independently released because their casteat affected by the test.

Operators are restricted to running released tdstgjineer and administrative privileges permit
running test versions still under development at $ame time as released tests. Separate test
patterns do not have to be created.

In other words, production can run a released @rrgihen engineering does not tie up the tester
running an evaluation version.

Figure 9 - Reedholm Test Control Hierarchy
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Memory Mapped 1/0O Control

Modular instruments plug into an analog/digital lbbgtane without slot dependence. That is,
any module can go into any slot as long as tharagalihat connects the instrument to the outside
world can reach it. Manual DIP switches set eaitiress. Most modules contain 64 bits of
address space that hold instrumentation controtimmétion, measurements, and Boolean flags.

Menu-driven troubleshooting software allows invgation of the instrumentation status at any
time as shown the figure 10 memory map. In the,moayss Point Matrix (CPM) #1 is at 00h, #2
is at 08h, etc. Each hexadecimal address locatiomws the contents of one byte in hex code.
The 256 locations shown in the map contain 2048ddidata.

Figure 10 - Instrumentation Memory Map

There are no microprocessors or state machinestéofare with this flat hierarchy of direct
instrument control. As a result, this approachvjgtes excellent system characteristics:

- Maximum system control because all states canreettyi controlled. Unlike other
complex systems that can lose communications waititrolling software, Reedholm
instrumentation never gets in a state that onedypswer down to regain control.

- Highest possible speed because each and everterezas be directly read from, or written
to, without going through a prior sequence.

- Detection and recovery from loss of control wheghhénergy noise from voltage
breakdown flows through the instrumentation. Bydiag the memory map before high
voltage and breakdown tests, changes to the mageteeted and the original value are
restored in 50@sec, well before relays have a chance to chante sthus, breakdown
events are detected if missed by the measuremdat co
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On Demand Optimization Tools

Testing speed should be as fast as possible asa®ragcuracy is not compromised. So any
system intended for production e-test needs to baftevare tools that allow a device engineer to
prove that data is accurate and how long it takesettle to a repeatable reading. As of this
writing, Agilent does not provide this capability a form that can be run easily by Agilent

programmers, let alone by product and device eegineho provide device knowledge.

Reedholm provides current vs. voltage and capamtars. voltage plots that precisely show
what the correct test results should be. For seasvoltage and low current tests, it is
particularly useful to take data as a functioniwiet after stimulus is applied. Knowing how long
it takes to get to the correct answer, individeats as well as groups of tests are run to find
result statistics and how long each test takesé¢olde.

Figure 11 - Timing Output for PNPN Latchup

Response Timing Plots

Timing plots are heavily used by Reedholm durinijv&are and instrumentation development
as well as for applications troubleshooting. Tigeie above was generated while working
with a customer to uncover peculiar system behasiter a breakdown test. What had
seemed to be a fairly innocuous oxide breakdowhwa&h 100nA forced into a gate had
turned on a PNPN device with one terminal beinglihekside of the wafer. In itself, that
was not a problem, but the PNPN device biasedhbekcto >50V with no turn-off path when
the latching condition was removed. Subsequentrglimg of the chuck caused extremely
high RF EMI that led to software aborts. Attemjotsise an oscilloscope were thwarted when
the probe discharged the chuck. Once the problesidentified, test conditions were used
to control the chuck voltage.
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Production Test Times

During production testing, execution time for eauwthvidual test is measured, but not stored.
Instead, the average, minimum and maximum value$oaind and stored for each wafer lot.

Timing data can be displayed on the monitor oripia a lot report. Using that displayed or
printed report, particularly slow tests can be tdexd for more careful examined in
maximizing throughput.

Software Bottleneck is Eliminated

By providing tools that do not require programmuorgcomputer expertise beyond being able to
navigate with WEB pages, a Reedholm implementagonids the bottleneck caused by
transferring technology development source cogedduction. All that is needed for Reedholm
test plan set up and optimization is an understandf the simple electronic devices in the PCM
test structures. It isn't necessary to find thaivadent of an "Agilent engineer" to support
Reedholm software or to introduce test plans talpcton. Any member of the technical staff
with device knowledge can do the job, so it doesherome a dead-end position or one that
restricts development of new engineer hires.

Source Code Trap

In figure 12, the set of screens on the left fopde generating interface are similar to ones on
the right that are from Reedholm software. Butt isawhere the similarities end. The
interface on the left spawns source code whileRbedholm interface populates data base
tables. Reedholm continual enhancement of theeegine has led to a set of input and
output parameters far richer than provided by Adile

Of course, Agilent programmers can modify sourcgec@nd all do to some extent. That is
why parametric testing with Agilent systems regsite/o people at the minimum: one to
program and one to determine if results make serisaux and Unix operating systems
require additional programming skills and manpofeereffective use.

The resulting source code is almost impossibleotdrol, but that is not surprising since the
starting Agilent code has no warranty about workight. If the low level commands do not
work right, the Agilent warranty is limited to reqging the software media. Thus, Agilent
does not fix algorithms that do not produce correstilts—that is left to the customer.
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Figure 12 - Source Code is Different than Reedhobata Driven Approach

No Magic to Parallel, or Multi-Task Testing

Contrary to the implications of the latest Agilarftering, process tests by themselves do not
create a bottleneck in parametric testing. If lithregest allowed test time is 100msec, and
multi-threaded test software would lead to botttdisemerely due to latency imposed by
thread-handling.

While wafer level reliability might have many simeptlevices whose testing might benefit
from parallel testing, that is seldom the case nocess monitoring. For PCM testing, the
most complex device on a sub-die has to have af sktdicated instruments, and not much is
left for other tests, if there was time to do them.

From the Agilent viewpoint, there is not much tesdoif the touted advantages of multi-
tasking test instruments and the test controllenalomaterialize. Resultant test plans will be
so complex there will be little chance of optimgibefore transferring testing to production,
and more testers will be purchased than should be.

N:\RI_Pubs\MktNote\Released\MN-110.doc 08/14/09 Page 30 of 33



One Right Answer for Production E-Test Getting ®with Reedholm

Chapter 6

Getting Started with Reedholm

Whether being used in a start-up company, at amrestpn facility, or as replacement of an
obsolete system, Reedholm seeks to have systenraegumts well defined before starting to
build it. Following the build, Reedholm:

- Proves that the system meets the documented reggnte before shipping.
- Confirms that requirements are still met duringafiation.

- Provides tools that assure the system continussetd requirements—indefinitely.

No Risk Evaluation Using Tested Wafers

Changing to Reedholm systems from another produatidest implementation can improve
throughput by several hundred percent if custorhax®e made few efforts to eliminate needless
or excessive delays, averaging, and autorangirejor8 an order is placed, Reedholm can prove
a speed advantage using customer wafers.

Flexible Algorithms Provide Full Coverage

Besides showing a speed advantage, an evaluatievsshat standard Reedholm routines can
gather all process related data. That means fleaptoduct engineer participating in the
evaluation does not have to be a programmer—déwvioe/ledge is sufficient. In the unlikely
chance that a routine is deficient or doesn't eseedholm works with the customer to define
a routine that will do the job.

Correlation to Correct Results

Previous results of parameters used in an evatuaitie usually correct, so correlation with
Reedholm results is easy to prove. However, thezecases in which data taken for years is
wrong, and the right answer has to be found. Siheestarting point for Reedholm is
characterization of each test, discrepancies betwesvious data and Reedholm data happen
early in the evaluation so the right answer is tbunmediately.

Implementation After Order Placement

If the evaluation justifies placing an order foRaedholm system, and if the Reedholm system is
going to replace or eventually supplant other sgsteone or two engineers should be selected to
be champions during the conversion to ReedholnntestProgramming skill is not needed as
long as the technical people in charge of impleat@n have basic testing knowledge (i.e.,
understand force |, measure V relationships), garaie or interpret curve tracer software built
into the RDS Intranet, and understand test straalarices.

Integrating Reedholm Database

While the system is being built, output reports #malwork flow interface are documented in
detail so that the Reedholm database can be ibéelgnath customer requirements during the
installation visit. If the customer does not hataff with SQL expertise available, Reedholm
does the work for modest fees. The integratiorudwmtation is reviewed prior to training

and finalized by the end of training at Reedholm.
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Training on Reedholm Structures

Initial training in use of Reedholm test algorithniss done using simple IC's or devices
soldered to DIP headers. These tough test stegtalow errors to be made without
destroying devices and provide attendees knowletltiee scope of Reedholm test software.

Reedholm strives to arrange testing on customeensab solidify training before shipment.

Assuring Operation on High Volume and Demanding Proesses

When initial training is done, and before a syssdnps, the knowledge should be applied to
test plans that span customer high volume and @pgwcesses. The quantity of test plans to
be ready prior to shipment are negotiated prioortter placement. Since customer testing
documentation is seldom complete or fully accurd®eedholm cannot do this work
independently. Those who attend training and dtaya week or two for test plan
development have to be quite knowledgeable aboet stihuctures so that tests can be
optimized, correlated, customized, and made readgrbduction release.

Installation

Installing and getting the system operational igyfaquick. Facility requirements are sent out
shortly after order acknowledgement so that théotnier can prepare ac power, air pressure, and
vacuum lines for the test system and prober. Withhalf-day, testing can usually be started to
confirm data taken before shipment. Shortly aftet, wafer level results can be correlated with
results from other test systems.

Correlation of Test Plans

Test plans generated at Reedholm before shipmentuarat the customer site to show that
results correlate with those gathered before shipmBiscrepancies are addressed by finding
out what the right answers are, determining whyetveere differences, and finding out how

to always get the right answers.

Integrate with Work Flow

With person responsible for customer IT, the tgsitesn is integrated into the customer
network. If Reedholm was contracted to modify @mate hard copy or electronic reports, that
work is confirmed after test results have beenetated.

Continual Improvement

Once new systems are installed and operationaldii®é®m provides support for continually
improving the production e-test operation.

Systems of Spares for Engineering Investigations drnrechnology Transfers

In the rare event of module failures, spares nedzeton-hand to minimize downtime. Even
if there are multiple Reedholm systems at a dite,ldest place to keep spares is in a system
that is kept running at all times. When not baiisgd, Reedholm self-test software should be
used to loop indefinitely and thus assure thabfithe assemblies in the system are ready for
replacement in production systems if there arelprob.
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Technology Transfers

Besides being a source of spares, the prime purpbseich a system is to transfer new
products to production. Prior to formal hand-atirh development to production, the system
is used to optimize test plans for speed and acguraA manual prober is adequate for
technology transfers,

Yield Investigations

A secondary use of a system of spares is yieltbteshooting. Instead of taking time away
from production testing, an automatic prober hoolethe system would make it possible to
do yield investigations when the problem does aotal itself at every PCM site.

Remote Sessions

Modern software such as GoToMyPC make it practmakupport engineers at Reedholm to
directly participate in system troubleshooting adl\as investigation of device measurement
problems. This type of software requires thatdbhstomer open a port completely under the
customer control. In addition, the port is onlyeapfor a specified period of time during
which Reedholm has access.

Remote support is provided at no charge as lorgessions are reasonably short and do not
unfairly tie up Reedholm personnel.

Changes Driven by Customer Inputs

Reedholm software and hardware changes are mad& amdengineering control system
driven by customer problem reports and softwardufearequests. Engineering change
request (ECR) numbers are issued as soon as tbeynderstood well enough to be fully
specified or duplicated. After changes are conepliefformation about them is posted on the
Reedholm WEB site. The result is continually euadvsoftware.

Changes are bundled into software upgrades evary gewhenever it is more convenient for
Reedholm to provide an upgrade than to direct tpeli@tion of patches that address
deficiencies that interfere with use of the softvar
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