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(57) ABSTRACT 

Amethod for forming a biological chemical tag. At least one 
double stranded DNA molecule is provided. At least a 
portion of the at least one double stranded DNA molecule is 
denatured. At least one chemical moiety that prohibits 
recrystallization of the at least one denatured portion to 
which the at least one chemical moiety is attached is 
attached to at least one nucleotide in the at least one 
denatured portion of the at least one double stranded DNA 
molecule. 

24 Claims, 6 Drawing Sheets 
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SYNTHESIS OF CHEMICAL TAGS its several details are capable of modifications in various 
obvious respects, without departing from the invention. 

REFERENCE TO RELATED APPLICATION Accordingly, the drawings and description are to be regarded 

This is a continuation of Ser, No, 091668,140, filed Sep, as illustrative in nature and not as restrictive. 

25,2000, now abandoned, itself is a continuation of Ser. No. 5 
BRIEF DESCRIPTION OF THE DRAWINGS 

091154,584, filed Sep. 17, 1998, now abandoned. 
The above-mentioned objects and advantages of the 

FIELD OF THE INVENTION vresent invention will be more clearlv understood when 
considered in conjunction with the accompanying drawings, 

The present invention relates to methods for synthesizing lo in which: 
chemical tags and structures that include the chemical tags. 

FIGS. la - ld  represent cross-sectional views of an 
BACKGROUND OF THE INVENTION embodiment of a sugstrate that may be utilized according to 

one embodiment of the present invention at various stages of 
Chemical tags are utilized in a variety of applications. a method for producing the substrate according to the 

Typically, chemical tags are utilized for monitoring, 1s present invention; 
analyzing, and controlling any number of parameters in a 

FIGS. 2a-2d represent cross-sectional views of another wide range of applications. For example, chemical tags can 
include one or more atoms andlor molecules that maybe embodiment of a substrate that may be utilized according to 

detected through one or more techniques, For example, one embodiment of the present invention at various stages of 

chemical tags can include radioactive isotopes. Such a 20 
a method for producing the substrate according to the 

chemical tag might be useful where simply the presence of present invention; 

the chemical tag needs to be detected, chemical tags can FIGS. 3a-3c represent cross-sectional views of an addi- 

also include that will fluoresce in response to tional embodiment of a substrate that may be utilized 

irradiation by selected wavelengths of radiation, F~~ according to one embodiment of the present invention at 
example, some chemical tags may fluoresce in response to 25 various stages of a method for producing the substrate 
irradiation by ultraviolet radiation. according to the present invention; 

A variety of means typically are used to detect the FIGS. 4a-4e represent cross-sectional views of an further 

presence of the chemical tags, F~~ example, simple visual embodiment of a substrate that may be utilized according to 

inspection can detect the presence of chemical tags that emit one embodiment of the present invention at various stages of 

visible light, or fluoresce, in response to irradiation. In some 30 a for producing the substrate the 

cases, special films or detectors may be necessary to detect present invention; 

the presence of a chemical tag. For example, films or FIG. 5a represents an anbodiment of a DNA molecule 
detectors sensitive to radiation produced by the tag may be that may be utilized in methods and structures according to 
utilized. the present invention; 

chemical tags can be utilized in a variety of applications, 35 FIG. 5b represents the embodiment of the DNA molecule 
Examples of these applications include pollution control, illustrated in FIG. 5a including one denatured   or ti on; 
product identification, geological studies, detecting currents FIG. 5c represents the denatured portion of the embodi- 
in oceans, uptake of materials by plants, among others. ment of the DNA molecule illustrated in FIGS. 5a and 5b 

including an embodiment of a chemical tag according to the 
SUMMARY OF THE INVENTION 40 present invention; 

Aspects of the present invention provide a method for FIG. 5d represents the denatured portion of the embodi- 
forming a biological chemical tag. The method includes ment of the DNA molecule illustrated in FIGS. 5a and 5b 
providing at least one double stranded DNAmolecule. In the including another embodiment of a chemical tag according 
subsequent description, typically the DNA molecule is a 45 to the Present invention; and 
double stranded DNA molecule. At least a portion of the at FIG. 6 represents a cross-sectional view of an embodi- 
least one double stranded DNA molecule is denatured. At ment of a substrate such as that illustrated in FIG. 4e and an 
least one chemical moiety that prohibits recrystallization of embodiment of a fluid reservoir clamped to the substrate. 
the at least one denatured portion of the at least one, DNA 
molecule is attached to at least one nucleotide in the at least so DETAILED DESCRIPTION OF THE 

one denatured portion of the at least one DNA molecule. INVENTION 

Other aspects of the present invention provide a structure As stated above, the present invention provides methods 
that includes at least one, DNA molecule that includes at for synthesizing chemical tags. The present invention also 
least one denatured portion. The structure includes at least includes a structure that incorporates at least one chemical 
one chemical moiety attached to at least one portion of the 5s tag according to the present invention. In particular, the 
at least one denatured portion of the at least one DNA present invention relates to chemical tags for DNA mol- 
molecule. The at least one chemical moiety prevents recrys- ecules. 
tallization of the at least one denatured portion of the at least According to the present invention, at least one DNA 
one DNA molecule to which the at least one chemical molecule is provided. The sequence of the at least one DNA 
moiety is attached. 60 molecule may or may not be known. Typically, the at least 

Still other objects and advantages of the present invention one DNA molecule is double stranded. At least one portion 
will become readily apparent by those skilled in the art from of the DNA molecule may be denatured. The denaturing 
the following detailed description, wherein it is shown and may be carried out by exposing portions of the DNA 
described only the preferred embodiments of the invention, molecule that it is desired to be denatured to a solution 
simply by way of illustration of the best mode contemplated 65 capable of denaturing DNA. Alternatively, additionally, the 
of carrying out the invention. As will be realized, the site or sites that it is desired to have denatured may be 
invention is capable of other and different embodiments, and exposed to elevated temperatures. 
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In the event that a solution is utilized to denature the eties may include an attachment portion that assists in 
DNA, any solution capable of denaturing DNA may be bonding the insertion compound to the DNA molecule. The 
utilized. The solution may have a high dielectric constant. insertion compound may also include a detection portion 
The solution may include at least one salt. The salt may permitting the detection of the insertion compound. 
include at least one of NaC1, NaOH, Formamide, and Urea. s The attachment portion of the insertion compound could 

In the event that heat alternatively or additionally utilized, include one or more nucleotide base. Insertion compound 
preferably, the DNA, at the sites that are to be denatured, is that bonds to more than one site on the DNAmolecule could 
raised the temperature suficient to result in the denaturing of include an attachment portion at each end. For example, the 
the DNAmolecule at those sites, For example, the DNAmay insertion compound could include two nucleotides, one at 
be raised to a temperature of from about 70" C. to about 110" l o  each end. For example, an insertion compound could include 
C. guanine cytosine or thymine adenine. Any nucleotide base 

~f~~~ denaturing at least one portion of the DNA could be utilized at the ends of the insertion compound. 

molecule, at least one chemical moiety, or insertion According to one example of the present invention, the bases 

compound, may be attached to the DNA molecule in the at are com~lementar~.AccOrding the bases 

least one denatured portion of the DNA molecule, ~h~ at IS are the same. A nucleotide base on the insertion compound 
least one chemical moiety typically prohibits recrystalliza- Can a base On the denatured portion the DNA 

tion of the at least one denatured portion to which the at least 
one chemical moiety is attached. According to another example, the attachment portion of 

me chemical moiety may attach to a variety of different the insertion compound could include at least one acid, such 
locations on the DNA molecule in a variety of different 20 as a carboxylic acid, or acid derivative, such as a salt of a 

ways, For example, the at least one chemical moiety may carboxylic acid. Acids or acid derivative groups can react 

hydrogen bond to one or more sites on the DNA molecule, with amide groups the bases, inhibit them 

Alternatively, covalent bonds may be formed between the at Or renaturing. One the 

least one chemical moiety and at least one portion of the insertion compound includes an acid at one end. Other 

DNA molecule. 25 attachment groups could include acid chloride, isocyanate, 
phosphonic dichloride. Furthermore, depending upon the nature of at least one 

chemical moiety, the location where the at least one chemi- As Stated the attachment group Or groups may be 

cal moiety attaches to the DNAmolecule may vary, Accord- bonded to a detection group. The detection group 

ing to one example, the at least one chemical moiety may may depend on how it is desired that the insertion com- 

include at least one nucleotide that is complimentary to at 30 
P O U ~ ~ S  be detectable. For example, the insertion compound 

least one nucleotide within a denatured portion of a DNA a The be luminescent under 

molecule. As such, the chemical moiety would hydrogen irradiation. 

bond to a complimentary nucleotide on the DNA molecule If the insertion compound is a luminescent dye, the dye 

similarly to how the nucleotide typically bond to each other compound may first be formed. One 

in the double helix stmcture of the DNA, ~h~ at least one 35 the luminescent dye includes a polymeric chain with at least 
chemical moiety may include other atoms and/or molecules One functional group to which a dye may be attached. The 

that may bond to the same or different site or sites as polymeric chain could include any desired polymer. 

nucleotide would commonly bond to. Examples of polymers that may be utilized in the insertion 

Alternatively, the at least one chemical moiety could 40 

include at least one acid group, such as a carboxylic acid, 
andlor at least one derivative of an acid group, such as a salt R 

of a carboxylic acid. The acid groups can react with amine I 
f CH2-fb, f CH2-Ol,, and f Si-Ol,, 

groups of the bases, to inhibit the DNA from recrystallizing 
or renaturing. Typical compounds may include an alkane 45 

I 
R 

chain with an acid group at its termination. 
The at least one chemical moiety may include at least one ,herein 2 s n 5  1000; R=CH,; c,H,; 

portion that bonds to the denatured portion of the DNA 
molecule. However, the at least one chemical moiety may 
include more than one site that bonds to more than one site so 
on the denatured DNA molecule. For example, the at least 
one chemical moiety could include two sites that bond to 
two sites on the denatured DNA molecule. For example, a 
long alkane chain with a nucleotide base at the two termi- aromatic or aliphatic hydrocarbons having less than 30 
nals. 55 carbon atoms; or any inert group including carbon and 

The at least one chemical moiety, in addition to including hydrogen. The functional group, defined as "x", may include 
at least one atom or molecule that bonds to the denatured 
portion of the DNA molecule may include a material that o o 
facilitates detection of the at least one chemical moiety. I I I I 

-C-OH, -C-C1, According to one example, at least one chemical moiety may 60 

include a luminous dye. The luminous dye may be chemi- 
cally bonded to the at least one attachment portion of the NH,, -OH or any other Lewis acid or Lewis base. 
chemical moiety. For example, it may be attached at one of The at least one functional group, to which the dye may 
the carbons of the alkane chain. be attached, may be attached to the polymer chain at various 

The at least one chemical moiety, or insertion compound, 65 locations. For example, the functional group may be 
may be an oligomer that include a plurality of different attached at the end of the polymer chain. According to 
chemical moieties connected together. The chemical moi- another embodiment, the functional group may be attached 
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to the polymer chain anywhere between the ends of the FIG. 5a illustrates an embodiment of a DNA molecule 
polymer chain. For example, the functional group could be that could be utilized according to the present invention. 
attached in the vicinity of the middle of the polymer chain. FIG. 5b illustrates the embodiment of the DNA molecule 

After formation of the polymer chain and attachment of illustrated in FIG, 5a wherein one portion of the DNA 
the functional grou~(s), at least one dye molecule may be s molecule has been denatured. FIGS. 5c and 5d illustrate two 
attached to the functional group. Dyes that may be utilized embodiments of the present invention wherein insertion 
according to the present invention include naphthalene- compoun~s have been bonded to the denatured portion 3 ,  
based anthracene-based For example, FIG, illustrates an embodiment wherein 
and rhOdamine-based The present four insertion compounds have been bonded to the dens- 
of such that may be according to the present lo tUred region 3 of the DNA molecule 1, Each insertion 
invention: 
naphthalene-based dye compound 5 includes one attachment portion 7 and one 

detection portion 9. Four insertion compounds have been 
bonded to the denatured portion 3 of the DNA molecule 

0 

I I illustrated in FIG. 5c. m CH~-C-OH IS On the other hand, in the embodiment illustrated in FIG. 
5d, five insertion compounds have bonded to the denatured 
region. Each insertion compound in the embodiment illus- 

I-~aphthylacetic acid trated in FIG. 5d includes attachment portions 13 and 15 and 
a detection portion 17. As can be seen in FIG. 5d, each 

20 insertion compound is bonded to two sites on the denatured 
Functional groups that may be utilized with this dye include region of the DNA molecule. 
-OH and -NH2; The denaturing of the DNA may be facilitated by arrang- 
anthracene-based dye ing the DNA on a substrate prior to denaturing at least a 

portion of the DNA molecule. The substrate provided 
O=C-OH 25 according to the present invention may include at least one 

&Q 
region wherein when the DNA is arranged adjacent to this 
region it will be denatured. The at least one region of the 
substrate where the DNA is denatured when arranged adja- 
cent to it may include properties that result in retaining a 

30 solution that causes the DNA to denature. For example, the 
Anthracene carboxylic acid at least one region of the substrate may have a particular 

wetting property that causes the solution to be retained on 

Functional groups that may be utilized with this dye include the portion. 

-OH and -NH2; To facilitate differential retention of the solution on the 

fluorescein-based dye 35 substrate, the substrate may be provided with regions having 
different wetting properties. These regions having different 
wetting properties may be provided in a plurality of lines. 
The areas having different wetting properties may have a 
plurality of different wetting properties. Typically, the sub- 

40 strate includes areas having two different wetting properties. 
In a substrate that includes regions having two different 
wetting properties, preferably, one of the wetting properties 

0 A. results in retention of the solution that can denature a DNA 
molecule ranged thereon while the other region does not 

HO o 45 tend to retain the solution. 
Fluorescein The regions having different wetting properties may be 

provided in a plurality of alternating lines wherein each line 
bf one wetting property on each side. The lines may all have 

Functional groups that may be utilized with this dye include the same width, Alternatively, all the lines of one wetting 
-OH and -NH2; and so property may have one width while all the lines of another 
Rhodamine-based dye wetting property may have a different width. However, any 

number b f  lines having any number of wetting properties 
may be provided with a variety of widths. 

According to one embodiment, the substrate includes two 
ss different types of lines having two different types of wetting 

properties. According to this embodiment, the lines of the 
first type have a width of about 10 nm to about 1000 nm. 
Also according to this embodiment, the lines of the second 
wetting type have a width of about 10 nm to about 10000 

CL- 
60 nm. Furthermore, according to this embodiment, the lines of 

CH3CH2-N Nt-CH2CH3 
I I the first type, have a width of from about 10 nm to about 
I I 
C H ~ C H ~  C H ~ C H ~  1000 nm tend to retain the solution capable of denaturing 

Rhodamine B 
DNA arranged on the substrate. 

All the lines of one type may tend to retain denaturing 
65 solution, while all the lines of the other type tend to not 

Functional groups that may be utilized with this dye include retain the denaturing solution. Additionally, all the lines of 
-OH and -NH2. one wetting property type may have one width and all the 



lines of the other wetting property type may have another regions may have characteristics that make them tend to 
width. The two widths may or may not be the same. For retain DNAmolecules that contact them. Along these lines, 
example, all the lines of one wetting type may be provided the separating regions may have a width sufficient to result 
with a width that is less than the other, such that all of the in a selected degree of retention of a DNA molecule 
lines of one tvae are wider that all of the lines of the other s arranged on the substrate. The number of base pairs over the , L 
type. Alternatively, all the lines of both types could have the 
same width. 

Rather than providing regions on a substrate that have 
different wetting properties, the substrate may include at 
least one channel for retaining the denaturing solution. The 
substrate may include a plurality of channels in the substrate. 
The size of the channels may depend upon the size of the 
region of the DNA molecule arranged on the channels that 
it is desired to denature. Further, the number of channels 
may depend upon the length of the DNAmolecule that is to 
include the at least one denatured portion. 

According to another embodiment, the at least one portion 
include at least one channel for retaining the solution. A 
solution mav be devosited on the substrate such that it will 

channel that may denature may range from about 40 to about 
40,000. This number of base pairs corresponds to a width of 
about 10 nm to about 10,000 nm. 

After providing channels in the substrate, a solution may 
be deposited on at least a portion of the substrate including 
at least one of the channels. The solution includes the 
denaturing solution described above. 

The solution can be deposited over the entire substrate or 
only over portions of the substrate. The denaturing solution 
may be an aqueous solution. The solution may have a high 
dielectric constant. Additionally, the solution may include at 
least one salt. Examples of salts include NaC1, NaOH, 
Formamide, and urea. The solution may include at least one 
polar solvent. One example of a polar solvent is water. 

If the substrate includes regions that do not tend to retain a 

be arranged at least on the at least one portion of the 20 the solution, they may tend to repel the solution or just tend 
substrate where the solution is such that at least a portion of not retain the solution. If the portions of the substrate tend 
the DNA will be denatured when being arranged on the not to retain the solution or repel the solution, they may tend 
substrate. to retain at least a portion of the DNAmolecule arranged on 

According to one embodiment, each channel in the sub- that portion of the substrate. As such, the surface between 
strate has a depth of about 10 nm to about 500 nm. The depth 25 the channels may be considered a dewetting surface. The 
can be measured as the depth of the deepest part of a channel DNA typically is in physical contact with the surface of the 
with respect to the surface of the substrate. If the substrate substrate between the channels and interact with it by at least 
includes a plurality of channels, each channel may have van der Waals' forces. These regions that tend to retain the 
substantially the same depth. Alternatively, the channels DNA may be only slightly hydrophilic. 
may have different depths. 30 After deposition of the denaturing solution on the 

The at least one channel provided in a substrate may also substrate, whether the substrate includes channels or regions 
have a width of about 10 nm to about 10000 nm. If the having different wetting properties, any excess solution may 
substrate includes a plurality of channels, each channel may be removed. Whether or not the solution needs to removed 
have substantially the same width. Alternatively, the chan- depends upon whether the proper amount of solution is 
nels may have different widths. 35 deposited such that the solution is substantially confined to 

The width of the channels may refer to the width of the desired portions of the channels andlor regions having the 
opening of the channels. The width of the opening of the desired wetting characteristics. Typically, it is desirable to 
channel may be measured from the surface of the substrate control where the solution is deposited on the substrate so 
where the channel first begins or from a portion of the that it is possible to control where DNA deposited on the 
opening of the channel further width of the channel. The 40 substrate and the solution is denatured. 
minimum width of the channels may be from about 10 nm After deposition of denaturing solution in selected areas 
to about 10000 nm. of the substrate, at least one DNAmolecule may be arranged 

The width of the channels or the opening of the channels on the substrate. Typically, the at least one DNAmolecule is 
or, alternatively, the width of portions of a substrate having arranged on the substrate such that it will contact a plurality 
a wetting property that tends to retain a denaturing solutions 45 of areas where the denaturing solution has been deposited as 
in embodiments that do not include channels may have a well as a plurality of areas where the denaturing solution has 
sufficient depth and width in the case of channels or suffi- not been deposited. 
cient width, in the case of a surface having various wetting Additionally, a plurality of DNA molecules may be 
properties, to accommodate an amount of solution sufficient arranged on one substrate. For example, from about 2 to 
to result in a selected amount of contact between the solution so about 10,000 DNA molecules may be arranged on the 
and at least one DNA molecule arranged on the portion of substrate. To arrange the DNA molecules on the substrate, 
the substrate where the solution is located to result in a first a DNA containing solution may be deposited on the 
selected amount of denaturing the at least one DNA mol- substrate. Preferably, the size of DNA molecules is larger 
ecule. Also, the width andlor depth of the channels or than the channel width so that the DNA does not fully fall 
regions may be sufficient to retain a desired amount of ss inside the channel. 
denaturing solution to result in denaturing a certain amount The solvent, such as H,O, may then be evaporated. Then, 
of a DNA molecule. the denaturing fluid is injected in the channel from one end 

The channels may be separated from each other by a of the substrate. This denaturing fluid is wicked into the 
distance of about 10 nm to about 1000 nm. This separation channels by surface tension. 
may be measured from the edge of the opening of one 60 After deposition, the DNA molecules typically are per- 
channel to the adjacent edge of the opening of an adjacent mitted to sit or dwell on the substrate for a period of time 
channel. Alternatively, the separation could be measured sufficient to permit the desired amount of denaturing of the 
from the center line of one channel to the center line of an DNA molecule to occur. For example, typically, after the 
adjacent channel. solution is injected, the DNAmolecules may be permitted to 

The channels or the regions of the substrate having a 65 denature for about 1 minute to about 60 minutes. 
wetting property that tends to retain denaturing solution may After a sufficient amount of time has passed for a desired 
be separated by regions of the substrate. The separating amount of denaturing of the DNA molecule to occur, the 



US 6,632,612 B2 
9 10 

insertion compound may be deposited on the substrate and tions could be provided in a substrate in place of or in 
DNA arranged on the substrate. The insertion compound addition to the channels andlor regions having certain wet- 
may be substantially as described above. The insertion ting properties. Additionally, it is not necessary for the 
compound may be applied to the denatured DNA on the heatable portions to be provided in andlor on a substrate. 
substrate by including the insertion compound in the dena- s According to one embodiment, the heatable portions of 
turing solution. the substrate are provided by metal arranged in andlor on a 

After denaturing, the insertion compound may then be substrate. The metal may be heated by passing a current 

permitted to attach to the denatured portion or portions of the through the much as a resistive heating in a 
DNA molecule, By knowing the sequence of the DNA heats up passing a current it. 
molecule deposited on the substrate and the makeup of the 10 

The current may be provided continuously, andlor peri- 
odically. According to one example, the current is pulsed. insertion compound, the locations where the insertion com- The pulsing may be regularly or irregularly timed, The 

pound attach the DNA may be current could be a of continuous and pulsed 
On the other hand, where the sequence of the DNA is current. A structure including such wires is described below 

the may attach in in greater detail. The local temperature may range from 
locations, ~ermitting the sequence to be determined as 1s about 70" C. to about 110" C. The elevated temperature may 
described below. be applied in pulses or continuously. If the temperature is 

After a sufficient time has passed for the insertion applied in pulses, the pulse time period that the elevated 
compound(s) to bond to the DNA molecule(s) arranged on temperature is applied may be at least about 100 ns. 
the substrate, excess insertion compound(s) may be removed As stated above, according to the present invention, DNA 
from the vicinity of the DNA molecule(s). Excess insertion 20 may be arranged on a substrate. Typically, the substrate has 
compound may be any insertion compound not attached to a smooth upper surface. The substrate may include a plu- 
a denatured portion of a DNA molecule. For example, the rality of channels or regions having different wetting prop- 
excess insertion compound(s) may simply be washed away. erties. The channels or regions may be provided in lines. The 

After attachment of one or more insertion compounds to lines may have a width 1,. Aregion or "land" of the substrate 
one or more denatured portions of one or more DNA 25 may be provided between the channels or regions. The 
molecules, the location(s) of the insertion compound(s) on "land" may have a width 1,. Thus, the pitch between the lines 
the DNAmolecule(s) may be detected. In the case where the or regions may be described as 1,+1,. If the substrate 
insertion compound includes a luminescent dye, such as a includes channels, the channels may have a depth d. 
fluorescent dye, the DNAmolecule and attachment insertion If the denaturing solution is water or an aqueous solution, 
compounds may be irradiated with a wavelength of light that 30 the channels or regions may have a width of from about 10 
caused the dyes to fluoresce. Hence, the location of the DNA nm to about 1000 nm and may be separated by "lands" such 
may be defected. that 1, is about 10 nm to about 10000 nm. The depth of the 

Additionally, the portion of a DNAmolecule that includes channels from about 10 nm to about 500 nm. 
the at least one denatured section could be considered a A substrate according to the present invention may be 
"writable segment". If the DNA molecule is arranged on a 35 fabricated according to a plurality of methods. FIGS. la-ld 
substrate, the portion of the DNA molecule arranged in the illustrate one embodiment of a substrate at various stages 
substrate could be considered the "writable segment". throughout one embodiment of a method according to the 
According to such analysis, locations where an insertion present invention. According to the embodiment of the 
compound is attached to a denatured portion of the DNA method illustrated in FIGS. la-ld, a substrate 19 is provide. 
molecule could be assigned a value of one (1). Similarly, if 40 The substrate may be a semiconductor material. For 
a denatured portion of the DNAdoes not include an insertion example, the substrate could be silicon. 
compound, that location of the DNA could be assigned a A surface 20 of substrate 19 may be treated with a 
value of zero (0). material to make it only partially hydrophilic. For example, 

Portions of the denatured DNA molecule could be locally the contact angle could be about 10" to about 40". According 
"written" with 1's and 0's utilizing different solutions in 45 to one example, the surface may be treated with weak HF to 
different channels of the DNA molecule. Thus, the DNA make it hydrophilic. "Weak" HF could include about 1 part 
strand could be modified by 1's and 0's. This would essen- HF in about 100 parts H,O. 
tially lead to a molecular bar code that may be read utilizing Other treatments may be utilized to make the surface of 
optical methods and apparatus, such as a optical detector. the substrate hydrophilic. For example, the surface could be 

According to one embodiment, each channel or region of so treated with an alkaline solution. Examples of alkaline 
the substrate having a wetting property such that the region solutions that could be utilized include solutions of NH,OH 
tends to retain the denaturing solution has a width of about and NaOH. 
100 nm. According to this embodiment, the channels or After treating the surface 20 of the substrate 19 to make 
regions having the denaturing solution retaining wetting it only partially hydrophilic, new layer of at least one 
property are separated by about 1000 nm. Also, the portion ss photoresist 21 may be deposited on the surface of the 
of the substrate including the channels or particular regions substrate that has been made partially hydrophilic. Any 
has a width of about 10 mm. If a strand of DNA at least 10 photoresist material may be used in this case. Although any 
mm long were arranged over the substrate, about 10000 number of photoresists may be utilized, according to one 
denatured portions of the DNAstrand can be "written" given embodiment, it is preferred that the photoresist has a high 
the above-described parameters of the substrate. Having 60 silicon content so that it may act as an etch stop during 
10000 writable segments could lead to identification of plasma processing in later steps. However, any standard 
210000 photoresist may be utilized. For example, any photoresist 

The denaturing of the DNA could also be carried out or that may be imaged by UV to deep UV light @=about 
facilitated by heating the DNA in locations where it is 190-about 410 nm) could be utilized. Also, resist imagable 
desired that the DNA be denatured. If the DNA is arranged 65 by electron beam may be used. One such resist is PMMA. 
on a substrate, the heating may be accomplished by provid- After deposition of the layer of photoresist 21, the 
ing the substrate with heatable portions. The heatable por- photoresist(s) may be selectively exposed to wavelengths of 



radiation that it is sensitive to. According to one Next, a layer of a dielectric material 33 may be deposited 
embodiment, the photoresist is exposed in a pattern that on a surface of the substrate 31. Any suitable dielectric 
corresponds to the pattern of channels that are to be formed material may be utilized. For example, the dielectric layer 
in the substrate. In other words, the photoresist may be may be an oxide or a nitride. Examples of oxides and nitrides 
exposed to form an image corresponding to the line widths s include Si,N, or SiO,. Other materials other than dielectrics 
and line pitch that it is desired to form in the substrate. After could be utilized, F~~ example at least one metal could be 

the photoresist may be utilized. However, metals may not etch as selectively. 
remove portions of the photoresist to result in the structure After depositing the layer of dielectric material, a layer of 
illustrated in FIG. l b .  As illustrated in FIG. l b ,  the structure a photoresist 35 may be deposited on the layer of the 
now includes a plurality of regions 25 where the photoresist 

10 dielectric material 33. Any suitable photoresist material may 
has been removed and a plurality of regions 23 where the 
photoresist remains. be utilized. According to one embodiment, it is preferred 

After exposing and developing the photoresist, the sub- that the photoresist has a high silicon content so that it may 

strate 19 may be further treated to form the channels in the act an etch during plasma processing in later steps. 

substrate. The channels may be formed utilizing a variety of However, any standard photoresist may be 
processes. For example, reactive ion etch (RIE) may be used 15 example, any photoresist that may be imaged by UV to deep 
to etch the substrate 19 in the regions 25 exposed by removal UV light @=about l ~ ~ - a b o u t  410 Dm) could be utilized. 
of the photoresist. In other words, the remaining photoresist Also, resist imagable by electron beam may be used. One 
acts as a mask for removal of portions of the substrate 19. such resist is PMMA. 

The etching of the substrate 19 may be anisotropic. An The photoresist may be applied in any known manner. For 
anisotropic etch may result in good trench definition. The 20 example, the photoresist may be spin cast on the layer of 
etching may be carried utilizing a Cl,, low pressure plasma. dielectric material 33. 
Other etching treatments may also be utilized. For example, After depositing the layer of photoresist, it may be 
a plasma including NF, and at least one hydrocarbon could exposed and developed similarly to the process described 
be utilized. The hydrocarbons utilized in the plasma could above with respect to FIGS. la- ld .  Selective removal of the 
include any aliphatic or aromatic hydrocarbon with from 1 25 photoresist as a result of development results in a structure 
to about 20 carbon atoms. Alternatively, etching could as illustrated in FIG. 2b, similar to the structure shown in 
include utilizing an SF, plasma at about -100" C. FIG. l b .  Accordingly, the structure illustrated in FIG. 2b 
Furthermore, etching could involved a 10%H,ICF4 reactive includes substrate 31, dielectric layer 33, and photoresist 
ion etch. layer that has been patterned to include openings 37 and 

The etchinn mav be carried out until a desired amount of 30 regions 39 where the substrate remains. 
u a u 

the substrate 19 has been removed to result in channels of a Utilizing the photoresist as a mask, similar to the process 
desired depth. The depths may be as described above. One described above and showed in FIGS. la- ld ,  the dielectric 
skilled in the art would understand how long to carry out the layer 33 may be etched. Etching of the dielectric layer may 
etch to result in trenches of a selected depth. be carried out utilizing any suitable process andlor material. 

The channels 27 may be provided in the substrate such 35 For example, the dielectric material may be etched utilizing 
that they are all parallel. Alternatively, the channels may not using a wet etch chemistry. According to one example, HF 
all be parallel. For example, the substrate could include is utilized to etch the dielectric layer. Alternatively, a reac- 
some channels that are perpendicular to others. tive ion etch may be utilized. The reactive ion etch may 

After formation of the trenches, the surface of the sub- utilize a plasma. 
strate in the trenches 27 mav be exvosed to one or more 40 Etchinn the dielectric laver 33 results in the formation of 

u 

materials to make the surface of the substrate within openings 41 therein and remaining regions 43 adjacent the 
trenches hydrophilic. The surface of the substrate within the openings. After etching of the dielectric layer, the remaining 
trenches may be treated to be more hydrophilic than the photoresist regions 39 may be removed. Stripping or remov- 
surface of the substrate still covered by the photoresist. For ing the remaining photoresist regions 39 may be carried out 
example, the substrate could be treated such that the contact 45 according to any suitable known process. FIG. 2c illustrates 
angle with respect to H,O should be less than about 15". the structure after removal of the remaining photoresist. 

According to one example, the exposed substrate within After removal of the remaining photoresist, the substrate 
the trenches may be subjected to a water plasma to make the 31 may be etched. The etching is carried to create channels 
surface hydrophilic. In general, any plasma that forms -OH in the substrate. In the embodiment illustrated in FIG. 2d, the 
groups at the surface may be utilized. so channels are etched so that they undercut the dielectric 

After making the surface of the substrate within the material 43. However, it is not necessary that the channels 
trenches hydrophilic, the remaining photoresist portions 23 undercut the dielectric material 43. 
may be removed from the substrate 19. The remaining Etching of the substrate 31 may be carried according to 
photoresist may be stripped utilizing any suitable known any known etching process. For example, the substrate 31 
method. A resulting structure is illustrated in FIG. Id. This ss may be isotopically etched. The etching could be carried 
structure includes trenches 27 and lands 29. As described in with a plasma, such as a CF, plasma, a 3: l  SF,IO, RIE 
the above treatment, the lands 29 may be slightly hydro- plasma, or a C1,1CC1F3, CC1F3>50% plasma. 
philic and the trenches 27 may be strongly hydrophilic. After creating channels 45 in the substrate 31, the surface 

FIGS. 2a-2d represent various stages of substrate during of the substrate within the channels may be exposed to a 
another embodiment of a process according to the present 60 material to make them hydrophilic. The material that the 
invention for forming the substrate on which at least one surface of the substrate within channels is exposed to could 
DNA molecule is to be denatured. According to the method include sulfuric acid andlor hydrogen peroxide. These mate- 
illustrated in FIGS. 2a-2d, a substrate 31 is provided. A rials may make the surface strongly hydrophilic. Rendering 
substrate may be a semiconductor material. For example, the the surface of the channels hydrophilic may be carried out by 
substrate could be a silicon wafer. The silicon wafer could be 65 soaking only the channels in the solution. 
a <loo>, n-doped silicon wafer. The substrate may have a While the surface of the channels may be hydrophilic, the 
resistivity of about 2 to about 5 Qcm. surface of the dielectric material 43 remaining on the surface 
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of the substrate 31 may be less hydrophilic. In fact, the At least one layer of a dielectric material may be provided 
surface of the dielectric may be only slightly hydrophilic. on a top surface and a bottom surface of core 51. While the 
The resulting structure as illustrated in FIG. 2d. layers of dielectric material 53 and 55 may be the same 

The structure illustrated in FIG, 2d may be further pro- dielectric material. Alternatively, the layers of dielectric 
cessed to provide structure for heating DNA arranged over s material 53 and 55 may be different. BY providing different 
the channels, FIGS, 3a-3c illustrate an embodiment of a dielectric materials on the top and bottom surfaces of the 

substrate according to the present invention at various stages core 51, the layers of dielectric material may be differen- 

of a process according to the present invention for providing tially treated. According t' One embodiment, the layers of 

the substrate with means to raise the temperature of the DNA dielectric material 53 and 55 may include a nitride andlor an 

molecules arranged thereon. 10 oxide. The oxide andlor nitride could be based on the 
underlying semiconductor core. For example, the dielectric 

The structure illustrated in FIG. 3a corresponds to the material could include Si02 Si3N4, 
structure illustrated in FIG. 2d. One or more metals andlor The multi-layer substrate may also include at least one 

may be deposited On the structure in 3a. The layer of photoresist deposited on each layer of dielectric 
at least One For material. The structure illustrated in FIG. 4a includes layers 

gold could be deposited on the structure illustrated in FIG. IS of photoresist 57 and 59 deposited on layers of dielectric 
3a. The gold or other metal could be deposited by any material 53 and 55. As with the dielectric material, the same 
known process. For example, a standard sputtering process photoresist may be deposited on the dielectric material. 
could be utilized. Alternatively, each layer of photoresist may include a dif- 

FIG. 3b illustrates a structure where metal has been ferent composition. 
deposited on the structure illustrated in FIG. 3a. The struc- 20 Any suitable photoresist material may be utilized. 
ture illustrated in FIG. 3b includes metal 47 deposited within According to one embodiment, it is preferred that the 
channels 45 and metal 49 deposited on dielectric portions photoresist has a high silicon content so that it may act as an 
43. The metal 47 deposited in the channels 45 may have a etch stop during plasma processing in later steps. However, 
conical cross-section as illustrated in FIG. 3b. The metal any standard photoresist may be utilized. For example, any 
may be deposited on at least a portion of the surface of the 25 photoresist that may be imaged by UV to deep UV light 
dielectric portions 43 as well at least a portion of the surface @=about 190-about 410 nm) could be utilized. Also, resist 
of the channels 45. The conical cross section may be formed imagable by electron beam may be used. One such resist is 
by a simple shadowing effect as the metal passes through the PMMA. 
opening of the channel. Also, any suitable dielectric material may be utilized. For 

After deposition of the at least one metal on at least a 30 example, the dielectric layer may be an oxide or a nitride. 
portion of the surface of the channels andlor the dielectric Examples of oxides and nitrides include Si3N4 or SiO,. 
regions 43, selected portions of the metal may be removed. Other materials other than dielectrics could be utilized. For 
According to one embodiment, all of the metal 49 on the example at least one metal could be utilized. However, 
dielectric 43 may be removed. At least a portion of the metal metals may not etch as selectively. 
47 within the channels 45 may or may not also be removed 35 FIG. 4a illustrates one embodiment of a multi-layer 
at the same time. substrate according to the present invention. After providing 

Removal of the metal may be carried out according to any the multi-layer substrate illustrated in FIG. 4a, the photo- 
known process. According to one embodiment of the present resist layers 57 and 59 may be selectively exposed to 
invention, the metal is removed by exposing the substrate wavelengths of radiation that they are sensitive to. Typically, 
and the metal deposited thereon to at least one liquid metal. 40 one of the layers of photoresists is exposed in a pattern such 
Liquid metals have high surface energy and therefore may that when developed, portions of the photoresist(s) that are 
tend not to go into the channels and remove the metal within removed by the developing form a pattern corresponding to 
the channels. The liquid metal could be mercury andlor width and pitch of slits that are formed the grating that the 
gallium. After selected removal of the metal, the structure DNA will be arranged on. Additionally, typically, the other 
illustrated in FIG. 3c results. 45 layer of photoresist is exposed so as to produce an opening 

The structure illustrated in FIG. 3c may be utilized to corresponding to an opening that is to be etched in the 
apply heat to DNA molecules arranged on a substrate to underlying dielectric andlor core that solution may enter 
denature the DNA in the vicinity of the deposited metal. from a solution reservoir that the grating is placed over. 
Current may be passed through the metal 47 in the channels After development, the photoresist layers may be devel- 
45 to cause the DNA to denature in the vicinity of the metal. so oped. FIG. 4b illustrates an embodiment of a structure 
The heating may be carried out in addition to andlor instead according to the present invention where the photoresist has 
of utilizing a denaturing solution. been developed. Development of the photoresist may result 

Rather than providing channels in a substrate wherein a in openings 61 and 65 and remaining portions 63 and 67. 
denaturing solution is deposited within the channels, the openings 65 in the embodiment illustrated in FIG. 4b 
present invention may include a substrate that includes a ss represent the slits that will form the grating that the DNA is 
grating that includes slits formed completely through the arranged over. 
substrate. The substrate including the grating may arranged After developing the photoresist, the underlying layers of 
over a reservoir of denaturing solution and the DNA dielectric material may be etched utilizing the remaining 
arranged on the substrate. photoresist as a mask. The dielectric materials may be 

FIGS. 4a-4e illustrate an embodiment of a substrate at 60 etched utilizing any applicable process. For example, if 
various stages of an embodiment of a process that may be dielectric layer SiO,, reactive ion etch may be utilized. The 
utilized for forming a grating in the substrate. According to reactive ion etch may be carried out with a plasma that 
this process, a multi-layer substrate may be provided. The includes C2F61CHF3 and SF6102. Other processes andlor 
substrate may include a core 51 of a semiconductor material. process parameters may also be utilized to etch a different 
The semiconductor material may be a silicon wafer. Accord- 65 dielectric material. For example, if the dielectric material 
ing to one example, the silicon wafer is a <loo> silicon Si3N4, a reactive ion etch plasma including CF4102 may be 
wafer. utilized. 
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After etching the dielectric layers, to help ensure that all shows and describes only the preferred embodiments of the 
dielectric material is removed from the spaces defined by invention, but as aforementioned, it is to be understood that 
opening 61 and 65 in the photoresist, the surface of the core the invention i s  capable of use in various other 
51 may be cleaned to remove any dielectric residues. For combinations, modifications, and environments and is 
example, any suitable cleaning method and material may be s capable of changes or modifications within the scope of the 
utilized. According to one example, HF is utilized to ensure inventive concept as expressed herein, commensurate with 
removal of the dielectric residue. the above teachings, andlor the skill or knowledge of the 

After removal of any dielectric residue, any remaining relevant art. The embodiments described hereinabove are 
portions of the photoresist, 63 and 67, may be removed from further intended to explain best modes known of practicing 
the multi-layer structure. FIG. 4c illustrates the resulting 10 the invention and to enable others skilled in the art to utilize 
structure. As can be seen in the embodiment illustrated in the invention in such, or other, embodiments and with the 
FIG. 4c, openings 69 and 7 1  have been formed in the layers various modifications required by the particular applications 
of dielectric material 53 and 55. Portions 73 and 75 of the or uses of the invention. Accordingly, the description is not 
layers of dielectric material may also remain on the core 51 intended to limit the invention to the form disclosed herein. 
of the multi-layer substrate. IS Also, it is intended that the appended claims be construed to 

After removal of the remaining photoresist, the core 51 of include alternative embodiments. 
the multi-layer structure may be etched utilizing the remain- I claim: 
ing dielectric portions as a mask. First, one side of the core 1. A method of storing binary bits in a biological 
structure may be etched. First etching of the core 51 may be molecule, the method comprising the steps of: 
anisotropically etched in a KOH solution. 20 providing a substrate having defined therein an array of 

FIG. 4d illustrates a resulting structure. The structure periodically-spaced regions capable of defining a writ- 
illustrated in FIG. 4d includes a large opening 77 that has able segment in DNA at one or more locations where 
been etched in core 51. This opening 77 is the opening that said periodically spaced regions in contact with said 
will be placed adjacent a denaturing fluid reservoir. The DNA, 
surfaces 76 and 78 may be (111) silicon. 25 providing at least one double stranded DNA molecule on 

Initially, the top surface of core 51 may be (100) plane. said substrate thereby defining a plurality of said writ- 
During etching, the (100) plane etches at a faster rate than able segments in said DNA at one or more locations 
(111) plane. As a result, a trench 77 may be obtained with where said periodically spaced regions in contact with 
surface 80 being (100) and the side walls 76 and 78 being said DNA, 
(111). 30 writing binary bits to said writable segments by denatur- 

After etching one side of the core layer 51, the opposite ing at least one of said writable segments; and 
side may be etched. This etch may be carried out as 
described above with respect to the processes illustrated in attaching at least One at least One 

FIGS. la- ld  and FIGS. 2a-2d where the substrate was nucleotide in said at least one writable segment; 

etched to form channels in the substrate. 35 wherein the information stored in said binary bits is 

After etching the slits 79 in the core and layer 51, the defined by the presence or absence of said insertion 

remaining portions of dielectric layers 75 may be removed. compound. 

hy suitable method material may be utilized to 2 .  The method according to claim 1, wherein the at least 

remove the dielectric layer portions 75 remaining on the one insertion compound is attached to said at least one 

core 51. For example, if the dielectric material is a nitride, 40 nucleotide by at least One 

such as Si,N4, phosphoric acid may be utilized to remove 3 .  The further 

the remaining portions of a dielectric material. If phosphoric the step 

acid is utilized to remove the dielectric material 75, at 85% providing a plurality of first and second regions of dif- 
solution of phosphoric acid at about 180" may be utilized. fering wetting properties on the substrate wherein, 
Alternatively, the dielectric material layer portions 75 may 45 relative to said second regions, said first regions are 
be removed with reactive ion etching. According to one capable of retaining a DNA denaturing solution. 
embodiment, CF410, may be utilized. 4.  The method according to claim 3, further comprising 

FIG. 4e illustrates the structure resulting from removal of the Steps of: 
dielectric layer portions 75 .  depositing a DNA denaturing-solution on said substrate; 

After formation of a structure such as that illustrated in so and 
FIG. 4e, the structure may be arranged adjacent a reservoir denaturing said at least one of said writable segments. 
filled with a denaturing solution. The DNA may then be 5 .  The method according to claim 4, wherein the solution 
arranged on the structure. is deposited on the entire substrate. 

FIG. 6 illustrates the substrate shown in FIG. 4e and a 6 .  The method according to claim 4, wherein the solution 
fluid reservoir 82 attached to the substrate. The reservoir ss is aqueous. 
could be any suitable material. For example, the reservoir 7 .  The method according to claim 4, wherein the solution 
could be glass, ceramic, or silicon. has a high dielectric constant. 

To prevent the substrate and the reservoir from shifting 8 .  The method according to claim 4, wherein the solution 
positions relative to each other, the reservoir may be secured includes at least one salt. 
to the substrate. Any suitable means may be utilized for 60 9.  The method according to claim 4, wherein the solution 
securing the reservoir to the substrate. For example, clamps includes a polar solvent. 
84 could be utilized to secure the substrate and reservoir to 10. The method according to claim 3 ,  wherein the regions 
each other. After arranging the substrate and the reservoir having different wetting properties are provided in a plural- 
adjacent to each other, the denaturing fluid 86 may be ity of alternating lines. 
supplied to the space defined the reservoir and the substrate. 65 11. The method according to claim 10, wherein the lines 

The foregoing description of the invention illustrates and are provided in a first type having a first wetting property 
describes the present invention. Additionally, the disclosure and a second type having a second wetting property. 



17 18 
12. The method according to claim 11, wherein the lines 18. The method according to claim 16, wherein the 

are provided such that all of the lines of the first type have solution includes a polar solvent. 
a first width and all of the lines of the second type have a 19. The method according to claim 16, wherein the 
second width. solution has a high dielectric constant. 

13. The method according to claim 12, wherein the lines s 20. The method according to claim 16, wherein the 
of the first type are provided with a width of about 10 nm to solution includes at least one salt. 
about 1000 nm. 21. The method according to claim 11, wherein the lines 

14. The method according to claim 12, wherein the lines are provided such that lines of one type will tend to retain at 
of the second type are provided with a width of about 10 nm least a portion of a DNAmolecule arranged on the substrate. 
to about 10000 nm. 10 22. The method according to claim 1, wherein said at least 

15. The method according to claim 11, wherein all of the one insertion compound includes an attachment portion and 
lines of one type are provided with a width less than all of a detection portion. 
the lines of the other type. 23. Amethod according to claim 1, wherein said detection 

16. The method according to claim 11, wherein lines of portion comprises a luminous dye. 
one type are provided such that they will tend to retain a IS 24. The method according to claim 4, wherein the solution 
solution deposited on them. is deposited on at least one said region. 

17. The method according to claim 16, wherein the 
solution is aqueous. * * * * *  
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