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We derive au equationdeterminingthe small-xevolution of the FZ structurefunc-
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approximation usingMueller’s color dipole model. In the traditional language it
corresponds to resummationof the pomeron “fan” diagrams, originally conjec-
tured in the GLR equation. We showthat the solutionof the equation describes
the physicsof structurefunctionsat high partonic densities: thus allowing us to
gsj~. ~~e .mdm-c+~.i-li.m af ~~~ ~-~w~ ~c~~?&.~G. an.+ rh.llonaina nhennmnna in.- . . . .. —...-.-”--= -.

small-x physics- saturation.
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A much more detailed description of the material presented in this pro-
ceedings contriiiution can be found in the papers 1‘2 written on the subject.

The Balitsky, Fadin, Kuraev and Lipatov @FKL) 3 equation resums all
leading logarithms of Bjoricen x for imdronic cross sections and structure func-
tions. The solution of the BFKL equation grows like a power of center of
mass energy s, therefore vioiating the unitarhy bound at very high energies,
One can conclude that at very high energies the one BFKL pomeron exchange
contr.iimtion shouici be uniiarizeci by either multiple ponieron exchanges or by
higher order corrections to the BFKL kernel.
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at the values of rapidity of the order of

with a the strong coupling constant, which is assumed to be small, and CYP– 1 =
- - ------

*in 2 the lN M lU pomeron intercept.
The next-to-leading order corrections to the kernel of BFKL equation be-

come important at *
YNLO AI ~.

a“
(2)

One can see that Yu << YNLo for parametrically small a. Therefore multiple
pomeron exchanges become important at much smaiier energies and are more
likely to unitarize the BFKL cross section.

aThk manuscripthas been authoriizd underContract No. DE-AC02-98CH10886with the
U. S. Departmentof Energy.
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Figure 1: Dipole evolution in the deep inelastic scattering process. The incoming virtual
photondevelops a system of color dipoles, eachof which rescatterson the nucleus(only two
are shown).

Let us consider a deep inelastic scattering (DIS) of a virtual photon on a
hadron or a nucleus. An incoming photon splits into a quazk-antiquark pair
and then the qij pair rescatters on the target hadron. In the rest frame of
the hadron all QCD evolution should be included in the wave function of the
incoming photon. That way the incoming photon develops a cascade of gluons,
which then scatter on the hadron at rest. We can calculate the gluon cascade
in the leading longitudinal logarithmic (ln l/z) approximation and in the large
NC limit. This is exactly the type of cascade described by Mueller’s dipole
model 4. In the large Ne limit the incoming gluon develops a system of color
dipoles and each of them independently rescatters on the ha&oxi (nucleus) 1.
The forward smplitude of the process is shown in Fig. 1. The double lines in
Fig. 1 correspond to gluons in large N= approximation being represented as
consisting of a quark and an antiquark of difIerent colors. The color dipoles
are formed by a quark from one gluon and an antiquark horn another gluon.
In Fig. 1 each dipole, that was developed through the QCD evolution, later
interacts with the nucleus by a series of Glauter-type multiple rescatterings
on the nucleons.

For the case of a large nucleus independent dipole interactions with the
target nucleus are enhanced by some factors of the atomic number A of the “
nucleus compared to the case when several dipoles inters.& with the same
nucleod. This allowed us to assume that the dipoles interact with the nucleus
independently. The summation of these contributions corresponds to summat-
ion of the pomeron fan diagrams, neglecting the pomeron loop diagram?.

Rewriting the F2 structure function of the target as a convolution of the
wave function of the q~ fluctuations of a virtual photon with the propagator
of the quark-antiquark pair through the nucleus, we obtain

Q’
J

d’~ldz
F2(z, Q2) = qm2aEM @(X.OI, Z) ~bo N(xm, bo> y)>

2-T
(3)

where @ (Wl, z) is the photon’s wave function. lV(~l, b., Y) is the forward
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these techniques measure strains directly on the specimen
and these measurements are not consistent with the
definitions in the ASTM standard.

[n 1998, Sharp employed ISDG (Intw-ferometric
Strain/Displacement Gage) technique to measure strain
directly on polysiiicon thin film ‘l]. In this application, two

gold lines are deposited onto the specimen and a laser
beam is used to illuminate the gold lines. Light reflected from
the edges of each line interferes to produce bright and dark
fringes. By counting the fringes movement as the specimen
is deformed, the strain of the specimen can be determined
’15] This method assumes that the deformation within the
gold marks is uniform. But this may or may not be the case.
Furthermore, this technique is a pointwise method in which
the area within the gold lines is considered a:> a “point”.
Hence one cannot detect stress/strain concentration, the
presence of a crack, etc, the traditional factors that influence
the design of a macro-structure. H is also limited by the size
of the specimen. It can test the specimen with width of 20
ym, but “it is not pradlcai for the narrower specimens
because the reflected laser intensity is too low” ‘1],

In this aper we applied the newly developed technique
!!SIEM ‘1 ] (Speckle Interferometry with Electron Microscopy)

to the determination of SU-8 material mechanical properties.
SIEM is a tool for obtaining the material properties in
microscopic level. It is able to perform the fhll field
displacement mapping over a region of only several microns
in size.

There are three procedures ‘in SIEM technique, creating
micro/nano-speckle patterns, recording and digitizing these
patterns using a scanning electron microscope and
analyzing speckle images by CASI (Computer Aided
Speckle Interferometry). The random speckle patterns that
are created on the specimen surface by vacluum vapor
deposition are used as gaging devices to map the full field
deformation. Via CASI, speckle patterns that are recorded
before and after deformation are first segmented into a grid
of subimages consisting of 32-by-32 pixels (or some other
square arrays of pixels). The corresponding subimages are
compared via a two-step FFT (fast Fourier transform)
process to find the displacement vector. Once the
displacement vectors of each and every subimage are
obtained, strains are calculated using the derivatives of the
displacement components.

EXPERIMENTS AND RESULTS

Uniaxiai tension test is performed inside a Hitachi scanning
electron microscope of model S-2460N. Figure 1 shows the
experimental setup. The loading stage is specially designed
for testing specimen with dimensions of microns. It can pull
the specimen continuously on the order of nanometers. The
cross-section of SU-8 specimen is 300pmxl 50~m. Figure 2
shows the speckle pattern on the surface of specimen. The
speckle pattern is formed by vacuum depo:;ition. The
magnification of the image is 400x and it consists of
2048x2048 pixels. This leads to a pixel size of 0.14ym in X
(horizontal) and 0.1Ipm in Y (vertical) directions. Since
SIEM can resolve at least 0.2 pixel displacement, the
sensitivity at this magnification is about 0.03~rn in X and

EPON SU-8 specimen, width= 300 ~m

4
thickness = 150 ~m

/ 500g load cell

I +

Figure 1 Experimental Setup

Figure 2 The speckle pattern on the surface
of specimen (SEM image)

0.02pm in Y directions. Figure 3 shows v displacement field
at load P=l 10g. It is a uniform strain field due to uniaxial
tension. Strain field can be obtained by differentiating this
displacement field. Once we obtain the strain-stress
relationship, which is shown in Figure 4, the material
mechanical properties such as Young’s modulus can be
determined. For this case, Young’s modulus is 1.54GPa.
This result can be ‘compared with the Young’s modulus of
bulk material of SU-8, which is 4.02GPa ‘4].
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Figure 3 vdisplacement field at load P=l 10g

Figure 5 Stress-strain relationship of EPON SU-8
(Specimen No. 2)
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Figure 4 Stress-strain relationship of EPON SU-8
(Specimen No. 1)

The plastic deformation is clearly shown on the strain-stress
relationship as depicted in Figure 4 and it was not observed
by testing bulk material.

Figure 5 and Figure 6 show the results of other two tests of
EPON SU-8. The cross-section of SU-8 specimens remain
the same, 300~mxl 50pm. The only difference is that these
two specimens are made from a different manufacturing
process. From these results, it is clear that although the
specimen size remain the same, Young’s Modulus can
change dramatically from 1.54 GPa to 3.09 GPa, yield
strength can change from about 30 MPa to 50 MPa and
ultimate strength can change from 49 MPa to 77 MPa. Thus,
the mechanical properties of EPON SU-8 are truly
depending on manufacturing process.
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Figure 6 Stress-strain relationship. of EPON SU-8
(Specimen No. 3)

It is also noted from these figures that although the
specimens No. 2 and No. 3 are from the same manufacture
process and their yie!d strength and ultimate strength remain
the same, their Young’s modulus still have little difference.

CONCLUSION

Through the combination of speckle metrology, electron
microscopy and digital image processing, SIEM extends the
speckle technique to micromechanics domain. In this study,
The Young’s Modulus of EPON SU-8 was determined by
SIEM. H varies from 1.54 GPa to 3.09 Gpa, indicating its
dependence on the manufacturing process. Furthermore, the
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yield strength and ultimate strength are as a fwxiion of the
manufacturing process as well.
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