Temperature M easurement and Control of Quartz Crystal Microbalances
Why you should insist on it!
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Quartz crystal film thickness monitors (or QCMsyédeen used for years to control vacuum deposition
processing of electronic and optical products. Wiiespread use of QCMs can be attributed to a numbe
of factors: 1) quartz crystals can detect filmshiis as one Angstrom, 2) crystals are reliable ghao
insure process repeatability, and 3) crystals elegively inexpensive to implement. When combinethw
sophisticated electronic control instrumentatidm thickness monitors are extremely easy to usd, a
give very reliable measurements.

Well, most of the time, anyways!

Anyone familiar with film thickness monitors ofteomes across a number of problems in their dayato-d
use. Most of these problems fall into one of twitegaries:

A) The measurement given by the monitor doesn't alveayse with other measurement methods,
especially for very thin films (1000 angstroms @sd).

B) The quartz crystal becomes very unstable or alyrdgits during a process run especially with
optical coating materials.

In either case, afancy, state of the art, $10,000 mega monitor with 10 GB of ram quickly becomes a
boat anchor!

There are a variety of reasons why these probleensracountered, and fortunately, there are nowiatya
of solutions available. But first, the basic opinaibf a crystal monitor has to be examined.

Film thickness measurement is based on the primdlijait the frequency of vibration of a quartz disc
decreases continuously as material is coated suiface. And, as long as you know the densithef
film, a process computer can calculate the thickmessus time. Seems simple enough, right?

Unfortunately this vibration frequency is also séws to: 1) temperature changes and 2) strefisein
growing film.

Any frequency changein the quartz crystal isinterpreted as a film thickness change by the controller
or monitor, no matter what causesit! That especially meanstemper atur e changes!

To minimize temperature dependence, monitor crysted cut from a quartz bar at a specific angledal
the AT cut. This cut has a near zero frequency-teatpre dependence at°®0 So, for a change of a few
degrees in either direction, the quartz crystal mat exhibit any frequency shift. Of course, whemu get
much past 20C, this goes out the window, and the frequency dbasge, sometimes by great amounts!

To further minimize temperature related frequeritgrges, quartz sensors are placed in water-cooled
housings, with the cooling water set af@0In theory, this configuration results in thequency-
temperature behavior being minimized or even elatdd.

OK, what isthe temperature of your crystal?

As sophisticated as the electronics have becomgufantz crystal thin film measurement, no film Kriess
monitor manufacturer actually measures temperallwe: hard can that be? Instead, they just writda@ir
300 page manuals that the crystal should be &C20
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In our laboratory, we have monitored uncooled efgstluring routine thin film depositions and fouhedy
can exhibit temperature changes of at least 5085C! For water-cooled sensors, the crystal can easily
experience 20C swings during a typical coating cycle. A standenygbtal head with 1/8” to 3/16” water
lines can not push enough water through to mair#@irC with hot deposition processes. We had to go to
%2" water lines and high pressure to get anywhersgecto tight control!

Without temperature control, you can kiss off your nanotechnology measurements or ultra thin film
deposition process control!

The significance of temperature shifts becomegatitvhen measuring films less than 500 Angstroms.
From frequency-temperature charts, it can be shbatna20°C shift can amount to an erroneous thickness
reading of 20 Angstroms or greater in the finatkhiess reading. This error can easily double if the
deposition source emits large amounts of radiafitve. sudden heating of the crystal has been shown t
lead to frequency changes of 50-60 Hz instantahgotsresponding to thickness errors of 25 to 30
Angstroms for low-density materials.

| invented the RC quartz crystal in 2004 to elinbénthis radiation-spiking problem. It works veryliyvbut
with a temperature controlled sensor head, it wotddk a whole lot better.

What really causes early crystal failure? What can | do about it?

Even if you water-cool your crystal sensor to elyg20 degrees C, you can encounter an even bigger
problem. Ever had a crystal abruptly fail when yeere coating a substrate with a high stress filohsas
magnesium fluoride or silicon dioxide? You probathigught it was the dreaded “bad crystal” problem.

Well after making several million crystals, | agtbat periodically a few get past QC. But even when
“good crystal” is used, abrupt failure still occulis some cases it is simply a spatter causeddy th
deposition source. That will kill any crystal. But and large, the greatest source of early cryatiaire is
stress build-up in the film being monitored.

I minimized this problem when | invented the “all@uartz crystal in 1987. This is actually an ultinéck
aluminum coated crystal. The extreme thicknest@f&iuminum minimizes the stress build up in the
crystal, leading to significantly longer life, oftd 00 to 200% longer. It works, and most opticaltow
laboratories use aluminum instead of the thinnéd gkectrode crystals. You can make gold thicket,ib
tends to dampen out the crystal vibration if yotutge extreme.

But the number one way to increase crystal lifeisto heat the crystal!

In our experiments, we were able to increase the before failure (or extreme instability) of adjolr
alloy coated quartz crystal by heating it to 8@® C. We limited the temperature t0°90 because we
wanted to prevent crystal overheating (quartz tsangood material for use over 150- 2@ For higher
temperatures we use gallium phosphate single d¢systa

In one series of experiments, we used all theagildioxide in a 40 cc electron beam hearth atidrsti
crystals would not fail. We measured crystal lifereases of 400 % or more with crystals coated with
dielectrics. That means could coat micron levehsilwithout failure. What would that be worth in you
manufacturing process?

Ignoring crystal temperature, and even wor se, not controlling it, leadsto the bulk of problemswe see

in quartz crystal film thickness monitoring. The next generation of film thickness controllers
absolutely must have temper ature control! Thefirst company that makes one will betruly visionary!
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