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the cooling rate in the resistance spot welding is very large, which is almost similar to laser welding.
Increasing cooling rate would reduce 8-ferrite content [17, 18]. It should be noted that the formation
of ferrite was suppressed due to large cooling rate on resistance spot welding. Austenitic stainless
steels are better adapted to medical implants because it will hardly affect a magnetic resonance image
scanning (MRI). Therefore, the resistance spot welding is suitable for welding of stainless steels that
are developed for medical implants.
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Fig.7 Plots of the nickel free stainless steel used in this study; (a) Hull’s diagram and (b) Hammar’s
diagram [15, 16].

Summary

The resistance weldability of 200 pm-thick sheet nickel free stainless steel in micro-resistance spot

welding was studied. Major findings from this study can be summarized as follows:

1. Welding current and weld time affect joint strength and nugget diameter. Shear force
corresponded to nugget size except for welds with surface flash and electrode sticking. A weld
lobe was proposed. :

2. The microstructure of nugget represented austenitic cellular dendrite or cellular structure with
a little &-ferrite. The &-ferrite content is smaller than that predicted by some Schaeffler
diagrams because of rapid solidification on resistance spot welding.
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1. Introduction

Fast DNA sequencing is necessary for the tailor made
therapy and the genomics drug discovery in the near future.
To realize the goal, the speed of DNA separation should be
improved over 10° times than the present. Recently a chan-
nel filled by nano-pillars of 500 nm diameter and 500 nm
spacing instead of an usual gel endbled us to achieve elec-
trophoresis separation in 25 sec for ADNA (48.5 kbp) and
T4 DNA (1656 kbp), and furthermore the tandem ar-
rangement of nano-pillars regions allowed to separate
smaller DNA of 10 kbp [1].

This report shows single molecule behavior of DNA in
pillars, and reveals an important indication of DNA separa-
tion mechanism by applying different allocations of
nano-pillars for DNA electrophoresis..

2. EXPERIMENTAL

The fabrication method of nano-pillars was reported
already by our group [1]. Briefly, 500 nm-diameter holes
pattern was delineated by a EB lithography on a posi-type
resist spin-coated on @ quartz plate. Ni was electroplated at
holes and then after resist removal, pillars were fabricated
by a dry etching using Ni mask. The diameter and the
height of the nano-pillar were 500 nm and 4 pm, respec-
tively. Four pillar regions that the length of each regions
was 500 um (the total pillar region length was 2 mm) were
lined up in a channel via 35 pm pillar-free spacing as
shown in Fig. 1.

For acquiring the electrophoresis behaviour of single
molecule DNA in nano-pillars, T4 DNA with 166 kbp was
stained with intercalating fluorescence dyeof YOYO-1 and
the behavior within nano-pillars was observed by a fluo-
rescence microscope, where the applied electric field was
25 V/em. Electrophoresis separation of 38 and 10 kbp
DNA fragments (obtained by digesting ADNA by Apal)
was investigated by cross-injection into the nano-pillar re-
gions, where the applied electne figld for electrophoresis
was 50 V/em. The fluorescence intensity wag observed at a
point where was 2000 pm distant from the entrance to the
pillar region.

3. RESULTS AND DISCUSSION

The allocations of pillars were fabricated at square and
tilt types, shown in Fig. 2. A center-to-center distance be-
tween pillars was 800 nm. That is, the gap between the

-870-

500-nm pillars 15 300 nm.

Series of photographs showed conformation -changes
of DNA 1n pillars with square (Fig. 3) and tlt allocations
(Fig. 4). In squnare allocation, DNA tepeated the cycles of
extending and shrinking, and moved straight without the
disturbance of pillars. In the case of the tlt allocation,
however, DNA is hooked over pillars and repeated the cy-
cles of hooking, extending and shrinking, and did not move
straight. Based on the single molecule observation, we
compared the relative mobility of DNA in pillars (i pittersy
and that i pillar-free regions (M pitrsiee). 1heE relative mo-
bility (1) of DNA, Hin pitters / Hin pittar-iice> 15 Shown mn Fig. 5.
The smaller gap is, the relative mobility is higher, When
the gap between pillars is 100 nm, the mobility in square
allocation is extremely higher than that in tilt allocation.

We expected that the high speed DNA separation was
obtained employing nano-pillar with 100-nm gap, because
the electric field in pillars becomes strong when the gap
between pillars is small. But we did not clearly observe the
DNA size separation in both of square allocation and tlt
allocation. Opposed to our expectation, it was considered
that the excessive speed hindered nano-pillars from sepa-
rating DNA by size. Therefore, we employed the
nano-pillar with the gap of 300 nm. As shown in Fig. 6, the
tilt allocation separated DNA fragments by their size, but
the square allocation did not separate DNA fragments.

4. CONCLUSIONS

We considered that the nano-pillars separate DNA ac-
cording to the sieving effect Our result indicates that
nano-pillars with tilt allocation show the good sieving ef-
fect, comparing with square allocation. Considering & dis-
tinctive behavior that is shown in nano-pillars in tilt alloca-
fion, one of the reasons why nano-pillars have sieving ef-
fect is that DNA repeats the cycles of hooking, extending
and shrinking in nano-pillars. Tt 15 concluded that allocation
of nano-pillars is an important factor for the fast DNA size
separation.
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1. Introduction

This paper reports the development of a diagnosis chip
of infection diseases originated from viruses. To realize
quick and safety detection of a specific virus, extraction of
nucleic acid is a Key technology. Especially. DNA purifica-
tion and trapping are important. These processes should be
done in continuous micro channels in a chip. We reporied a
new DNA stretching method by using simple micro chan-
nel structure equipped with nano gap array and then detec-
tion of target DNA by hybridization of probe DNA [1]. In
addition to the nano gap array device, we have attempted to
contain DNA purification. tool consisting of alumina
(ALO,) coated micro pillars and a hydrogel valve, whose
furictions is changed by pH of washing solutions.

2. Experiments and Results

Figure 1 shows a model of the DNA purification :and
detection chip to be developed, in which DNA is extracted
from lyses of viruses in plasma separated from whole blood
and washed. After washing, DNA is trapped and detected in
nano gap array.

The purification device shown in Fig. 2 (a) was studied.
Fig. 2 {b) shows Si micro pillars (60 pm height, 10 pm di-
ameter, 10 um pitch), which was fabricated by a Si deep
etching. To purify DNA extracted from virus with solution
such as Chaotropic salt, DNA has to be immobilized to the
pillars for flow of a washing solution. To immobilize DNA
with . negafive charge to the pillars, coating of AlOs on
the Si pillar surface was investigated. ALO; was coated by
the atomic¢ layer deposition (ALD) Deposition rate of the
about 0.1 nm was obtained by oné cycle which consists of
exposure of H;0, at 1x107 Torr and 1 sec. and after inter-
val of 2 sec.. exposure of AI(CH;); at 1x10™ Torr and 1 sec.

Figure 3 shows pH dependence of the zeta potential of
ALQO; surface where thickness was 40 nm by repeating 400
cyeles. The zeta potential was measured using ELS-6000
{Ohtsuka electronics). The zeta potentials vary from posi-
tive values at acidic solution to negative valyes at alkaline
solution via zero zeta potential around pH=6.

Next, a glass layer was anodic-bonded on the Si substrate
containing Al,Os-coated micro pillars. T4 DNA (166 kbps,
length; about 50 pm) stained by YOYO-1 and was diluted
by TBE buffer with various pH. These solutions were then
intreduced into the channel using centrifugal force. Figure
4 shows variations of the fluorescence iimages before and
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after introduction of the solution. When DNA solution with
pH=4.7 was introduced, much DNA was remained even
after removal, whereas most of DNA with pH=10.1 was
removed after rotation.

Figure 5 shows pH dependence of the fluorescent inten-
sity for the experiment performed in Fig. 4. The great de-
crease in fluorescent intensity from acid to alkaline condi-
tion demonstrates satisfactory control of immobilization
and extraction of DNA. Since the purification tool needs a
valve, which controls the flow of the washing solution, we
also- have developed a pH sensitive hydro gel valve re-
ported by D. J. Beebe et al {2] as shown in Fig. 2(c). The
combination of the ALQ; coated pillars and hydro gel valve
will perform the purification procedure, which DNA im-
mobilized at acid condition is washed by closiig the valve
and the purified DNA is transferred to the nano gap array as
changing the pH from neutral to atkaline conditions.

Figure 6 shows microscopic mages of a DNA detection
device, nano gap array, which is an analysis stage for our
final goal. The 816 triangle shaped channels in an area of
85 x 240 pm?® in which depth, maximum and minimum
widths were 140 nm, 5 pm and 50 nm, respectively, were
fabricated on a quartz plate by an EB lithography and reac-
tive ion etching processes. T4 DNA was introduced into the
channel by electrophoresis using applied volfages of 50-100
V. Fig. 6{c) shows a fluorescence image of a number of
DNA trapped with stretching in nano-gap array. A length of
these DNA fixed with stretching exceeds 20 um in the
channel. Subsequently, probe DNA was introduced from
the regervoir into the nano gap array 10 hybridize the
trapped DNA. A sequence of probe DNA is designed from
parts of a sequence of Bacteriophage T4 gene. Fig. 6 (d)
shows a fluerescent image, when probe DNA is introduced
after trapping of T4 DNA, Intengive luminescence was seen
in the channels.

3. Conclusions

The fundamental experiment for novel one-chip DNA
purification technique by using the micro pillars and the
hydro gel valve was performed. Additionally, Simple and
quick punfication and detection of target DNA by hybridi-
zation in nano gap channel array was demonstrated. Those
¢hip systems will allow us to analyze DNA from the virus
lysis quickly, easily and safety in the near future.
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