
Jun e  2012  w w w.sili c o nse m i c o n d u c tor.n e t 33

m o isture  ! m e a sur e m e nt

32 w w w.sili c o nse m i c o n d u c tor.n e t Jun e  2012

m o isture  ! m e a sur e m e nt

O rd e rs o f m a g n itu d e : A d d ressin g
th e  se m i c o n d u c tor in d ustry ’s
exp o n e nti a l n e e ds

Pe t e r Be rg , Be rn t M e ß t e c hn ik G m bH a n d Fre d C o nro y, Ti g e r
O p ti cs LLC r e v i e w th e  p ro gr ess m a d e  in th e  l a st 10 y e a rs.

Tiger O ptics reduced the lower detection
limits (LDL) by a factor of ten times (10x) or

more when compared to existing on-line moisture
ana lyzer technolog ies such as the e lectrolytic
process using Faraday’s Law or the quartz-crysta l
microba lance (Q CM). Not only d id the MTO -1000
offer lower detection limits; it a lso provided the user
with an absolute measurement that d id not require
the use of zero or span gases. The semiconductor
industry took heed . In its fabrication p lants, the
marg in of success can hinge on the purity of
required gases.

M o isture  M e a sure m e n t v i a  
Rin g -d o w n Sp e c trosc o p y
The Tiger O ptics’ core technology is based on
continuous wave cavity ring-down spectroscopy
(CW-CRDS). The measurement princip le is shown in
F igure 1. A laser beam in the near-infrared (NIR)
rea lm is coup led to a measurement ce ll, with
para lle l, highly reflective mirrors at e ither end . The
d ie lectric coating of the mirrors reflects more than
99.999 percent of the light within a specific , rather
narrow, frequency band . The sma ll amount of light
that passes through the mirror at the far end of the
measurement ce ll is captured by a detector, which
measures its rema ining intensity.  The gas stream to
be ana lyzed flows continuously through the
measurement ce ll.

The measurement process starts with the
continuous-wave (CW) laser energ iz ing the ce ll until
the light energy reaches a threshold va lue .  The
laser is then shut off for a fraction of a second . The
laser beam trave ls back and forth between the
mirrors within the measurement ce ll, for a tota l path
length of close to 30 kilometers. The laser light’s
intensity leve l follows a decreasing exponentia l
function until the energy is exhausted (a “ring
down”). The determination of the concentration of
moisture is based on the time required for the light
to d ie .  

CW CRDS provides an “absolute” measurement via
the Beer-Lambert Law, so no zero gas is required .
The zero portion of the measurement is determined
by intentiona lly tuning the laser to a frequency at
which moisture does not absorb light. F igure 2
shows the water vapor spectrum in the wave length
range of 1391 to 1393 nm. In the wide reg ion
marked “TZero – Abklingze it/Ring-down time ,” there
is no absorption of light by the moisture present in
the gas stream. The associated ring-down time of
86 microseconds is sole ly caused by the loss of
light from the measurement ce ll. The laser is then
tuned to the wave length of a known absorption
peak of the water vapor spectrum (marked “TPeak
H2O -Band“ in F igure 2). The shorter measured ring-
down time of 29 microseconds is due to moisture
absorb ing a portion of the light. When the TZero

Fig ur e  1: Tig e r O p ti cs
C W- C RDS Sc h e m a ti c
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and TPeak ring-down times are entered into the
formula of the Beer-Lambert Law, the result is the
moisture concentration. This time-based
measurement contrasts with other laser-based
measurement techniques re lying on hard-to-control
factors such as d ifferences in light intensity,
rendering them “re lative” techniques, requiring
externa l ca libration.

While a true zero measurement is insured by
capturing the ring-down time off-peak, the on-peak
performance is verified via a reference ce ll. A sma ll
fraction of the laser light is d iverted through a
reference ce ll that conta ins a sma ll amount of the
ana lyte in question.  

When the laser is exactly on peak, the amount of
light reaching a detector at the far end of the
reference ce ll is minima l.  If the intensity beg ins to
increase (ind icating a drift from the correct
wave length), the laser is ad justed by chang ing the
supp lied current until the intensity is aga in at a
minimum.  This “laser locking” ensures that the
proper TPeak wave length is be ing used and
e liminates any long-term drift that continues to
p lague other technolog ies. While the underlying
science is re lative ly comp lex, the instruments are

very simp le to operate . All of the ca lculations are
performed by the system’s software and the
concentration is continuously updated on the touch-
screen d isp lay.  Tiger ana lyzers are effortless to
insta ll and do not require the use of ca libration
gases or null gases. Once the system is taken out
of the crate , measurements on a dry gas can be
taken in just a matter of minutes. 

Ti g e r’s Re a c h
S ince 2001, Tiger’s R&D team has deve loped a
variety of ana lyzer versions from its CW-CRDS
technology. These include the LaserTrace family,
HALO family, Tiger-i (for amb ient and environmenta l
contaminants), ALO HA-H2O (for UHP ammonia),
and Prismatic . Each p latform addresses specific
market needs. Foremost on Tiger’s agenda:
anticipating the requirements of the semiconductor
industry, with its ever-decreasing line geometries
coup led with increasing wafer sizes. No instrument
maker is more attuned to a fabrication p lant’s
constant need for gas purity ana lyzers with lower
LDLs, reduced cost of ownership (C O O), and
increased uptime .

Accord ing ly, Tiger introduced its LaserTrace system
in 2003. The p latform provides users with a modular
product line that a llows for the monitoring of the ir
bulk gases (Ar, He , H2, N2, O2) to sub-ppb leve ls
for moisture , oxygen, methane , and other ana lytes.
By 2008, the LaserTrace +  system was ab le to
provide users with an LDL as low as 200 ppt
(depend ing upon the gas matrix). The LaserTrace
has become the company’s most popular product
family, with nearly 500 systems in use worldwide . 

Th e  EURA MET 1002 Stu d y
The absolute nature of the CW-CRDS technology is
hera lded not only by industria l users, but by the
scientific community as we ll. Throughout the world ,
nationa l metrology institutes (NMIs) have
estab lished the ir own methods of generating
precise leve ls of moisture to deve lop and compare
standards and to perform vita l ca libration processes
in the ir own country or reg ion.

As each NMI’s moisture generator is large and of
comp lex design, it has not been feasib le to ship
these generators around the g lobe for comparison
stud ies. The NMIs needed a portab le , absolute
measurement technique that could be shipped from
one institute to another to perform the ana lysis.
Enter Tiger O ptics. 

Using two Tiger instruments, the European
Association of Nationa l Metrology Institutes
(EURAMET) recently comp leted an internationa l
study of d ifferent moisture generating techniques
from four (4) NMIsii. The participants included the
Nationa l Institute of Standards and Technology

Fig ur e  2: La se r Tra c e 3
vs La se rTra c e  M o istur e
Sp e c ifi c a tio ns
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(NIST, USA), Nationa l Metrology Institute of Japan
(NMIJ, Japan), Nationa l Physica l Laboratory (NPL ,
UK), and Physika lisch-Technische Bundesansta lt
(PTB , G ermany). The multi-year, multinationa l study
determined that the deviation of Tiger’s LaserTrace
ana lyzer was less than two percent (2%) over the
three (3) year period in the entire range of 10 ppb –
2 ppm.

L a se rTr a c e  3
While the semiconductor industry has long re lied on
the LaserTrace system for absolute measurements,
shrinking geometries on the wafer have resulted in
even tighter controls be ing p laced on the purity of
gases used in the semiconductor manufacturing
process. As some fabs set a larm limits for moisture
as low as 500 ppt, the semiconductor industry is
now requiring even lower LDLs. Once aga in, Tiger
O ptics has responded to the industry’s needs.

At Semicon West 2011, Tiger O ptics introduced the
LaserTrace 3, for which the LDLs of most
contaminants and gas matrices have been cut in
ha lf. For moisture in he lium, the LDL is now an
astonishing ly low 100 ppt (F igure 3). The
achievement is one of the reasons that the Tiger
O ptics’ LaserTrace 3 won the prestig ious Golden
G as Award for 2012 from G ases and
Instrumentation Internationa l Magaz ine in the G as
Ana lysis and Detection category. 

In add ition to the dramatic reduction in the LDL , the
eng ineering team at Tiger O ptics has increased the
speed of response for a multi-channe l LaserTrace 3
by a factor of more than 2.5x. The end user can be
assured that the LaserTrace 3 will d isp lay updated
moisture concentrations on each channe l every two
seconds. This dramatic improvement in the LDL and
the speed of response is the result of a tremendous
amount of work on both the hardware and the
software of the system. In keep ing with Tiger’s
philosophy of focusing on the needs of the
customer, existing LaserTrace users are ab le to
upgrade the hardware and the software of the ir
systems to achieve the performance of the
LaserTrace 3. 

L a se rTr a c e  3x
While the LaserTrace 3 (coup led with the associated
moisture and/or oxygen, etc . measurement ce lls) is
focused on measuring the contamination leve ls of
the bulk gases as they enter the fab , the LaserTrace
3 p latform is a lso utilized to monitor the moisture
leve ls in the exhaust gases of low temperature
ep itaxia l process tools from manufacturers such as

I’ m a  gr e a t b e li e v e r in p a rti c u l a rly b e in g 
a l e rt to c h a n g es th a t c h a n g e  so m e th in g ,

a nyth in g , by a n ord e r o f m a g n itu d e  
A n d r e w G rov e , for m e r C E O , Int e l C or p ora tio n

Fig 3

App lied Materia ls, Inc ., and ASM Internationa l N .V. 

In order to perform the required moisture
measurements at pressure leve ls down to 50 torr (or
be low), Tiger uses a reduced-pressure or Ep i
sensor. Initia lly, the industry needed only two Ep i
sensors to be coup led to a sing le LaserTrace 3
e lectronics module so that the exhausts from a two-
chamber ep i system could be monitored
independently. Subsequent requests to a lso monitor
the moisture leve ls within the transfer chamber
required a redesign of the e lectronics module .

Accord ing , Tiger O ptics deve loped its LaserTrace
3x, to permit monitoring the transfer chamber at
reduced pressures while a lso monitoring each of
the tool’s ep i exhausts. Tool owners can monitor for
moisture in these critica l areas after preventive
ma intenance is performed on the tool. The result is
that the tool can now be brought back on-line when
the moisture leve ls are low enough to insure that
the product will not be impacted due to moisture
contamination. The savings from the reduced
downtime of the tool, a long with a reduction in the
number of wafers that might need to be scrapped
due to moisture contamination, is sure to bring
about a high return on investment (RO I). 

Work in g in Ta n d e m
The semiconductor industry, having set the goa l to
produce 14nm nodes and 450mm wafers by 2015,
can only intensify its strenuous efforts to
control the qua lity of the inputs
and the manufacturing
process itse lf. W ith the
LaserTrace 3 insuring the
qua lity of the input gases and
the LaserTrace 3x insuring the
qua lity of the process, the
hard-working fabs may
continue to score—by orders
of magnitude—improvements upon
previous generations of product.

© 2012 Ange l Business Communications. 
Permission required .


