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Welcome to the Bartlett Bay Consulting Newsletter. Contamination Control is a discipline that
reaches across many industries, and one that is no less important to any of them. Spring is upon us,
and with it, we will be broadening the scope of this newsletter to address issues that impact the
Pharmaceutical Industry as well as the Semiconductor Industry. There are many similarities and
concerns between the two which will be discussed in future newsletters, among them:

e What are the similarities and differences between pharmaceutical and
semiconductor cleanrooms?

e Will pharmaceutical manufacturers need minienvironments for future
contamination control?

e Assessing the total contamination control needs of a manufacturing environment.

We hope that you find this interesting & informative reading. Please feel free to contact me with any
questions or comments. If you wish to "un-subscribe” from future mailings, please use my email link
and type "UN-SUBSCRIBE" in the subject line, and your name will be removed from future mailings.

Steve Silverman, President
Bartlett Bay Consulting

Events

WEBINAR!!
Bartlett Bay's Introductory On-Line Course, titled
" Contamination Control Overview"
will be
RE-BROADCAST on May 26th at 4 PM EDT.

This course is designed as a primer course that will touch upon many elements that will help you



understand the complexities and subtleties of Contamination Control. Upon completion of this course,
you will have a greater understanding of the current issues facing Contamination Control Specialists,
the current Standards, and how they will impact your facility and the Industry in general.

Please follow the link below for additional details,
course outline and registration information.

WEBINAR | NFORMATION

(If you have any suggestions for future WEBINARS that would be
of interest to you, please contact me with your ideas!)

Bartlett Bay Consulting Clients

e ADE o Philips Advanced Metrology Systems

e Aixtron e Rudolph Technologies

o Brooks Automation e Thermo-Electron

e IBIS e Varian Semiconductor Equipment Associates

(Back to Top)

Notes of Interest

» Bartlett Bay Consulting currently has an on-going contract with Brooks Automation to
provide professional strategic advice for Brooks contamination control projects.

o Steve Silverman, President of Bartlett Bay Consulting continuesto lead the ITRS
Surface Preparation Focus Team on Backside Particles. This committee is charged with
updating the "Backside Particle" section of the 2004 I TRS Roadmap.




[If you areinterested in being a participant in this committee, please contact Steve
(contact information at bottom of newsletter)]

(Back to Top)

Travel Schedule

Listed below is our travel schedule for near future. If you would like to confirm a date for usto stop
by while in your area, please call and we’ll make sure to include a visit to discuss how our services
can help your firm. In addition, we would be glad to schedule a special presentation to your staff or
other user group interested in learning more about Bartlett Bay Consulting & Contamination Control.

Steve Silverman, President of BBC will be in the Boston

* Metropolitan Boston: . o \veek of May 17th

(Back to Top)

Q&A

| welcome your feedback & questions! In each issue, | will be answering questions that | receive from
you. If you have any questions you wish to submit, please visit www.bartlettbayconsulting.com and
use the form provided there.

April's Question:

“Without actually measuring a given airborne or on-wafer particle size, is there any way to
mathematically extrapolate from a known number at a given particle size to a different size? In other
words, supposed | have measured x particles per wafer pass (PWP) >100nm, how can | estimate how

many particles | can expect at, say, >80nm?.”

While there is no substitute for actual measurement, sometimes one must extrapolate data because of
certain circumstances, measurement equipment limitations being one such reason. Federal Standard
209E (now replaced by 1SO 14644-1... see my February 2003 newsletter for more information) used
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the following formula:
M:(SJSJ)Z'Z

Where" M" isthe “multiplier” to go from a known/measured number of particles to an unknown
number of particles

S isthe Size of the K nown/measured particle
S, isthe Size of the Un-known/not-measured particle

For example: Suppose we measure 100 particles at 100nm, and we want to know how many particles
we could expect at 80nm:

S, = 100nm, S, = 80nm, so M= (100/80): = 1.63

Which means that we can expect 1.63 times as many particles at 80nm than at 100nm, or, in this case
163 particles at 80nm (100 x 1.63).

Caveat (you knew there would be one, didn’t you?)

As| said, above, thisis an empirical formula based on airborne particle data. Using the same formula
for Particles on wafers (e.g. PWP) has not been statistically verified, but my work on PWP data shows
the formula has reasonable validity; furthermore, a formula that works for airborne is probably close
to being valid for on-wafer particles, and since we don’t have a better formula, this will have to do.

The entire ITRS roadmap is based on algorithms like this one. If you are really interested in finding
out more about these relationships, | urge you to get involved inan | TRS, SEMI or |[EST committee.

(Back to Top)

Feature Article:

Measuring Particleson Wafers, Part 4.
Back FOR thefuture



In past issues , we explored the problems and intricacies of measuring particles on the frontside (top) of
wafers as a criteria for benchmarking contamination levels inside wafer-handling environments
(minienvironments, etc). We saw that the specifications on this test were hard to achieve but that a well-
designed minienvironment could meet these requirements.

From there, we took you to the "Back-Side": We looked at particles added to the backside (bottom) of the
wafers, and discovered that these adders give an entirely different perspective regarding cleanliness. We saw
that, unlike the frontside particle adders, where the source and transfer mechanism are fairly well known, only
the source of backside particles is very well known, but the physics of the transfer mechanism is completely
elusive. As you recall, the backside particles are due to only the touching the robot paddle (“end-effector” or
EE) rather than the innate cleanliness of the minienvironment: the more touches by the EE, the more particles
are added to the wafer showing that the EE gets dirtier with each touch. But how they are transferred from the
end-effector and back needs to be understood before the backside particle adder problem is solved.
Unfortunately, this gets rather complicated, and we don't know or understand the whole issue, so please bear
with me.

This is the final installment of the 4-part discussion of the Measurement of Particles on Wafers, and concludes
the discussion of Backside Particles.

Let uslook at the problem in a little more depth, and we will start with last issue’s, “challenge” to the
readers. "how are end-effectors cleaned"?. It will probably surprise you that the answer isthat if we
touch the EE with the front-side (clean) wafers a number of times the EE gets cleaner!

“ Wait a minute!” you are probably saying, “didn’t you say above that EEs get dirtier the more they
touch the wafer?’... well, yes.... And, no...

The measurement technique is part of the key here, and | need to explain how the actual
measurements are made.

First you have to know that all the data taken for backside particles are made on 200mm wafers: an
important fact as we will see shortly. Incidentally, the reason that 200mm wafers are used rather than
300mm wafers is only because of the cost of the wafers. 200mm wafers are about $20/wafer, while
300mm wafers cost about 10 times as much. The cost has precluded the use of 300mm wafers for
backside testing purposes. (At this point it is unknown whether or not the results of the 200mm tests
can be extended to 300mm wafers).

Asthereis no technique to actually measure the number of particles on the EEs themselves (also, the
number would be essentially meaningless as the only number we are concerned with are those that are
transferred to the backside of the wafers). So we measure the backside of the wafers. Whoops...
another half-truth: we don’t really measure the backside because we cannot with conventional wafer
measurement tools!* Y ou see, there are some very sophisticated (e.g. expensive) measurement tools
designed to measure particles on wafers, and they work by reflecting a laser beam off the wafer and
any irregularity of the surface is judged to be a particle; in fact they in the parlance of the
measurement tools they are not called “particles” at all, but “Light-Point-Defects’: a particle OR a pit
in the surface shows essentially the same “defect”. For 200mm wafers, the backside of the wafer is



un-polished/rough, and the measurement tool is unable to discern particles from the innate roughness.
Consequently, if we want to measure particles added to a wafer surface, we need to measure on the
frontside of the 200mm wafers after it has touched the EE being tested.

* see the attached article for a new backside wafer inspection tool:
http://www.mi cromagazine.com/archive/04/04/saravanan.html

Note: 300mm wafers have both sides polished so we can truly measure backside wafers on 300mm wafers,
but, again, that data hasnt been obtained. Given this complication, one must perform complicated
measurement techniques to obtain the data, and this involves inverting the wafers! (yes! This indeed a
difficult/convoluted test and one which we do not want to perform on 300mm wafers as handling problems will
surely preclude any accurate measurements. Some non-manual / automated methods must be used to invert
the wafers furthermore, the measurements can only be made using an “edge-grip” EE, namely those that don't
touch the backside of the wafers).

And now, we are ready (finally!) to discuss the so-called “cleaning” technique known as the “blotter
technique” for reasons which will become obvious.

Remember, the intent of all thiswork isto evaluate a given EE to find out how many particles it adds
to agiven wafer. The blotter technique will tell us the optimum cleanliness we can achieve with any
given EE.

The first step isto establish how many particles the EE has “as delivered” before the blotter technique
is used to clean it:

1. The frontside of a 200mm wafer is measured.

2. Thiswafer isinverted and then handled/touched by the “new” EE being evaluated (e.g.
the EE that touches the clean/smooth/pre-measured surface of the wafer.

3. Thewafer isinverted again and re-measured.

Typical specifications are <100 added particles (>0.2um). But the data from an “as-delivered” EE
(new EE "right out of the bag" with no cleaning) is surprising and alarming, as the number of particles
added to the wafer by this NEW EE is usually in the thousands range! Thisiswhy the blotter
technique was developed (by Brooks Automation, Inc), to clean the EE to its optimum value before
shipment.

Without going into a great deal of detail about the blotter technique, the technique involves measuring
one or two “measurement” wafers and then touching the EE with the clean/topside of about 10-12
“touch” wafers and then re-measuring the initial pre-measured wafers. In almost every case, agiven
EE (as evident by measuring a “measured” wafer after the touching) will show marked improvement
after about 7-8 touches (remember this is touching the clean side of the wafer!) and, depending upon
the EE material, often meets the specification.

So, there we have the paradox: touching the backside of the wafer with an EE makes the EE dirtier
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while touching the frontside of the wafer cleansit! Particles, it seems are transferred back and forth
between the wafers and the EE.

Why? At this point there are no clear answers, but there are certainly a few “smoking guns”: one
theory isthat the un-polished backside of the wafer has many crevices for particle trapping, and these
particles are readily transferred to the EE. Another, possibly associated theory, is that the transfer
involves some sort of electrostatic charge/transfer on the wafer where the clean frontside wafer
surface is charged such that it attracts the particles (cleans the EE) while the dirty (?) wafer backside
passes its particles to the EE because it is either neutral or charged such that it repels the particles
(note: some preliminary experiments performed with grounded vs non-grounded EE did not show any
difference, but further experiments should be performed to establish this parameter). All of this, of
course, is conjecture.

While the electrostatic theory is a possibility, it should be pointed out that an EE made from different
materials often have completely different particle counts. So there is some “evidence” that there are a
lot of variables in addition to the electrogtatic theory which must be investigated.

So there you have it: the good, bad, and ugly. While the backside particle story doesn’t end here,
because we have more work/experimentation to perform, it 1S the end of our series; we may discuss it
at afuture date if there is a breakthrough, but now it istime to move on to other subjects asthere is
more to contamination control than just backside particles (thank goodness!). In our next issue we will
discuss the origin of these particles in cleanrooms, and what to do about them.

Sources of Specification Information:

- ITRS - International Technology Roadmap for Semiconductors
- SEM1 - Semiconductor Equipment and Materials International

- BBC - Bartlett Bay Consulting. See Contact Information below.
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Contact Information:

Telephone (802) 862-4557



Fax (800) 878-5901

E-Malil steve@bartlettbayconsulting.com

Webpage www.bartlettbayconsulting.com
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