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The present invention relates to arrays of biochemical and/or 
biofunctional elements such as nucleic acids (oligonucle 
otides, for example) or other biomolecules on a carrier sur 
face and methods of producing such arrays using photoacti 
vation of predetermined areas for synthesis using an 
illumination matrix that is computer-controlled to generate an 
exposure pattern. This exposure pattern can be adjusted and 
monitored by computer using a light sensor matrix, for 
example a CCD matrix, to alloW precise, controlled illumi 
nation of speci?c regions and therefore attachment of array 
building blocks to those speci?c regions. The methods and 
compositions of the invention permit spatially resolved pho 
tochemical synthesis of polymer probes on a carrier. 
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METHOD AND DEVICE FOR PREPARING 
AND/OR ANALYZING BIOCHEMICAL 

REACTION CARRIERS 

[0001] The invention relates to the use of an illumination 
matrix Which can be controlled to generate an optionally 
adjustable exposure pattern, in particular a programmable 
light source matrix, in the ?eld of biotechnology in general 
and for preparing, manipulating and analyzing opto-?uidic 
reaction carriers in particular. 
[0002] MiniaturiZing and at the same time functionally 
integrating elements, components and Whole systems make 
novel applications available in many technologies. Said 
applications extend from sensor technology via microsystem 
technology (e.g. complex biochips using semiconductor tech 
nology) to actuator technology (eg in the form of micro 
pumps). The industries extend from classical mechanical 
engineering via automotive and aviation industries to medical 
technology and the forWard-looking biotechnology. ln medi 
cal technology, for example, neW implants are developed and 
the pharmaceutical industry advances neW technologies for 
e?icient development of novel medicaments and diagnostic 
systems at enormous cost. OWing to its great potential, bio 
technology in particular pro?ts from said development. 
[0003] Novel methods Which make use of the changed 
peripheral conditions are developed for economical produc 
tion in the ?eld of microtechnology. The same is true for the 
inspection techniques required for monitoring the miniatur 
iZed processes. 
[0004] For basic research in the life sciences and for medi 
cal diagnostics and some other disciplines, gathering biologi 
cally relevant information (mostly in the form of genetic 
information) in de?ned examination material is extraordinar 
ily important. In this context, the genetic information is 
present in the form of an enormous variety of different nucleic 
acid sequences, the DNA (deoxyribonucleic acid). RealiZa 
tion of said information leads, via producing transcripts of 
DNA into RNA (ribonucleic acid), mostly to the synthesis of 
proteins Which for their part are commonly involved in bio 
chemical reactions. 
[0005] A poWerful system format for gathering said Wealth 
of information is the so-called biochip. Biochips in this con 
nection mean highly miniaturized, highly parallel assays. 
Detecting particular nucleic acids and determining the 
sequence of the four bases in the nucleotide chain (sequenc 
ing) produces valuable data for research and applied medi 
cine. In medicine, it Was possible, to a greatly increasing 
extent through in-vitro diagnostics (IVD), to develop and 
provide to the doctor in charge equipment for determining 
important patient parameters. For many diseases, diagnosis at 
a suf?ciently early stage Would be impossible Without said 
equipment. Here, genetic analysis has been established as an 
important neW method (e. g. case diagnosis of infectious dis 
eases such as HIV or HBV, genetic predisposition for particu 
lar cancers or other diseases, or in forensic science). Close 
interaction betWeen basic research and clinical research made 
it possible to elucidate the molecular causes and (pathologi 
cal) connections of some diseases doWn to the level of genetic 
information. This development, hoWever, has only just 
started, and greatly intensi?ed efforts are necessary, particu 
larly for the conversion into therapy strategies. Overall, the 
genome sciences and nucleic acid analysis connected there 
With have made important contributions both to the under 
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standing of the molecular bases of life and to the elucidation 
of very complex diseases and pathological processes. More 
over, genetic analysis or analysis through genetic engineering 
already noW provides a broad spectrum of diagnostic meth 
ods. 
[0006] Further development in medical care is hampered by 
the explosion in costs related to correspondingly expensive 
methods. Thus, determining genetic risk factors by sequenc 
ing at the moment still costs several hundred to several thou 
sand US dollars. It is necessary here not only to demand 
implementation of possible diagnostic and therapeutic ben 
e?ts, but also to advance integration into a Workable and 
affordable health-care system. 
[0007] LikeWise, applying appropriate technologies in 
research can take place on a large scale and also at universities 
only if the costs related thereto are reduced. Here, a change in 
paradigms of research in life sciences begins to emerge: 
[0008] The bottleneck of deciphering primary genetic 
information (sequence of bases in the genome) and detecting 
the state of genetic activity (genes transcribed into messenger 
RNA) of cells and tissues is removed by the availability of 
suf?ciently cheap, poWerful and ?exible systems. It is then 
possible to concentrate Work on the (very complex) task of 
analyZing and combining the relevant data. This should result 
in neW levels of knoWledge for biology and subsequently in 
novel biomedical therapies and diagnostic possibilities. 
[0009] The biochips already mentioned before are minia 
turiZed hybrid functional elements With biological and tech 
nical components, for example biomolecules Which are 
immobiliZed on the surface (outer surface or/and inner sur 
face) of a carrier and Which may serve as speci?c interaction 
partners, and a matrix, for example silicon matrix. Frequently, 
the structure of said functional elements has roWs and col 
umns; this is knoWn as a chip array. Since thousands of 
biological or biochemical functional elements may be 
arranged on such a chip, microtechnical methods are usually 
needed to prepare said elements. 
[0010] Essentially, tWo principles are used as methods for 
preparing said arrays: application of ?nished probes or func 
tional elements to the reaction carrier, Which is the predomi 
nantly used method at the moment, or in-situ synthesis of the 
probes on the carrier. The devices used for both principles are 
so-called micro?uidic spotters. ln-situ synthesis may also use 
photolithographic methods. 
[0011] Possible biological and biochemical functional ele 
ments are in particular: DNA, RNA, PNA, (in nucleic acids 
and chemical derivatives thereof, for example, single strands, 
triplex structures or combinations thereof may be present), 
saccharides, peptides, proteins (e. g. antibodies, antigens, 
receptors), derivatives of combinatorial chemistry (e.g. 
organic molecules), cell components (eg organelles), cells, 
multicellular organisms, and cell aggregates. 
[0012] A multiplicity of photolithographic systems for 
exposure-dependent generation of ?ne and very ?ne struc 
tures using light of different Wavelength (energy) of doWn to 
beloW 200 nm are commercially available for applications in 
semiconductor technology. The ?ner the structures to be gen 
erated, the shorter the Wavelength used has to be. Thus, struc 
tures in the sub-um range Which are already in the range of 
visible-light Wavelengths (400-800 nm) can only be gener 
ated using high energy radiation of distinctly shorter Wave 
length. Photolithographic systems consist in principle of a 
lamp as energy or light source and a photolithographic mask 
Which has transparent and nontransparent areas and thus gen 
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erates an exposure pattern in the transmitted-light course of 
ray. Optical elements reproduce said exposure pattern on the 
object to be exposed (e.g. reduced by a factor of 100). A line 
on the mask is thereby reduced in Width from 0.1 mm to 10 
um. Preparing a microstructure in or on a silicon Wafer com 
monly requires 10 to 30 exposure steps. The systems are 
geared to said number and facilitate automatic mask sWitch 
ing by means of magazines and operating tools. 
[0013] Thus, an almost macroscopic structure of the mask 
results in a microstructured image on the object to be 
exposed, for example the silicon Wafer. To generate a photo 
lithographic mask, photolithographic systems are likeWise 
employed again Which, of course, need only a correspond 
ingly loWer resolution and also, depending on the preparation 
method, only a correspondingly smaller energy input. This is 
a cyclic process Which has been very far advanced and per 
fected due to the large market volume of the semiconductor 
industry. 
[0014] GeSim already uses for the production of photo 
lithographic masks LCD photo plotters from Mivatec. This is 
possible, since the mask structures, With respect to structure 
size and required Wavelength, alloW exposure in the visible 
light range. This makes a relatively fast and relatively ?exible 
production of masks possible. This is su?icient in semicon 
ductor technology oWing to the limited number of masks 
required, since only a functional test shoWs the success of the 
microstructuring and thus there is usually alWays enough 
time for producing neW or improved masks. Overall hoWever, 
producing the masks is expensive, time-consuming and not 
very ?exible. 
[0015] Using photolithography for the light-induced in-situ 
synthesis of DNA (synthesis directly on the biochip), Affy 
max Institute and Affymetrix already use commercial expo 
sure systems for preparing high-density DNA microarrays 
(references: U.S. Pat. No. 5,744,305, U.S. Pat. No. 5,527,681, 
U.S. Pat. No. 5,143,854, U.S. Pat. No. 5,593,839, U.S. Pat. 
No. 5,405,783). The Wavelength employed is restricted to 
300-400 nm. Each change in the exposure pattern requires a 
mask change. This is extremely restricting since preparing, 
for example, a DNA array With oligonucleotides of 25 build 
ing blocks in length (25-mers) per slot requires approx. 100 
individual exposure cycles. 
[0016] In general, the reaction carriers have a 2D base area 
for the coating With biologically or biochemically functional 
materials. The base areas may also be formed, for example, by 
Walls of one or more capillaries or by channels. An extension 
of the geometry is a 3D structure in Which analyzing and, 
Where appropriate, also manipulating or controlling the reac 
tions take place in a 2D arrangement. 
[0017] Especially in the USA, enormous resources are used 
to advance the development of miniaturized biochips. 
[0018] Regarding the prior art, the folloWing publications 
are referred to, for example: 
[0019] 1. Nature Genetics, Vol. 21, supplement (complete), 

January 1999 (BioChips) 
[0020] 2. Nature Biotechnology, Vol. 16, pp. 981-983, 

October 1998 (BioChips) 
[0021] 3. Trends in Biotechnology, Vol. 16, pp. 301-306, 

July 1988 (BioChips). 
[0022] Important application ?elds for miniaturized, paral 
lel assays and thus for applying the present invention are: 
molecular diagnostics (including in-vitro diagnostics, clini 
cal diagnostics, genetic diagnostics)/ development of pharma 
ceuticals (substance development, testing, screening etc.)/ 
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biological basic research (i.a. genomics, transcriptomics, 
proteomics, physiomics)/-molecular interactions/analysis 
and screening of pathogens (viroids, prions, viruses, prokary 
otes, eukaryotes)/oncology/environmental monitoring/food 
analysis/forensic science/screening of medical products (i.a. 
blood products)/detection, analysis and screening of trans 
genics (plants, animals, bacteria, viruses, breeding, outdoor 
trials)/ cytology (i.a. cell assays)/histology/ all types of nucleic 
acid analyses (i.a. sequence analysis, mapping, expression 
pro?les)/SNPs/pharmacogenomics/functional genomics. 
[0023] The object of the invention is to provide a method 
and a device Which facilitate relatively ?exible and relatively 
fast preparation and relatively e?icient analysis of miniatur 
ized highly parallel reaction carriers. 
[0024] Method and device should in addition facilitate inte 
gration of preparation and analysis into one apparatus. Fur 
thermore, it is intended to create a basis for completely auto 
mating all processes in preparation and analysis. 
[0025] The method of the invention for preparing a reaction 
carrier coated With biologically or biochemically functional 
materials comprises the folloWing steps. 
[0026] (a) providing a carrier having a surface Which has 

photoactivatable groups, 
[0027] (b) activating the photoactivatable groups on at least 
one predetermined area of the carrier surface by location 
speci?c exposure of the carrier using an illumination 
matrix Which can be controlled to generate an optionally 
adjustable exposure pattern, 

[0028] (c) location-speci?c binding of biologically or 
chemically functional materials or building blocks for such 
materials on at least one of the predetermined areas and 

[0029] (d) Where appropriate, repeating the activation and 
binding steps on the same or/and different predetermined 
areas. 

[0030] The carrier is a solid phase Which can be or is 
equipped With biochemical or biological materials or recep 
tors or building blocks thereof. The carrier may have a planar 
surface or a surface provided With grooves, for example chan 
nels. The channels are preferably microchannels of, for 
example, from 10-1000 pm in cross section. The channels 
may be4depending on the surface properties4capillary 
channels but also channels Without capillary action (eg 
oWing to Te?on coating). The carrier is at least partially 
optically transparent in the area of the reaction areas to be 
equipped. 
[0031] The use of an illumination matrix Which can be 
controlled to generate an optionally adjustable exposure pat 
tern, facilitates great ?exibility in the preparation or/and 
manipulation or/ and analysis of opto-?uidic reaction carriers 
and, in particular, faster preparation of reaction carriers than 
previously possible. In contrast to generating correspond 
ingly ?ne-resolution exposure patterns in a photolithography 
machine by means of invariant individual masks Which have 
to be changed When changing the exposure pattern, using a 
controllable illumination matrix can in principle generate and 
alter any possible exposure pattern by simply controlling the 
illumination matrix from a control computer. Thus, in one 
production process it is in principle possible to generate and 
analyze in one day hundreds to thousands of different reaction 
carriers having a multiplicity of individual reaction areas, 
something Which has been impossible up until noW. 
[0032] The predetermined reaction areas for Which a loca 
tion-speci?c exposure of the carrier is to be carried out are 
selected for an actual application preferably automatically by 



US 2008/0214412 A1 

a program Which facilitates controlling and assigning the 
reaction areas to one or more reaction carriers according to 

the criteria synthesis ef?ciency, optimal synthesis conditions, 
for example temperature etc., optimal analysis conditions, for 
example hybridization temperature With respect to neighbor 
ing areas. After preparing the carrier, it may be provided for, 
Where appropriate, to change the carrier and to continue the 
process from step (a) onWard. In this context, step (c) may 
include the location-speci?c binding of biologically or 
chemically functional materials or building blocks for such 
materials in the same Way as in the preceding cycle or else 
taking into account the information from a preceding synthe 
sis cycle. 
[0033] Programmability and electronic controllability of 
the illumination matrix remove the exchange and also gen 
eration of the mask units as Were required for the photolitho 
graphic methods. Generating the exposure patterns thus is no 
longer connected With expenses for preparing, exchanging, 
positioning, storing and optimizing exposure masks. This 
makes in particular the in-situ synthesis of reaction carriers 
(e. g. DNA microarrays) accessible to Wide use. According to 
a preferred embodiment of the invention, an illumination 
matrix is used Which is able to illuminate With a resolution of 
at least 500 points per cm2. 
[0034] The illumination matrix and the assigned light 
source serve in principle to provide the desired exposure 
pattern for controlling/exciting photochemical processes or, 
Where appropriate, for analyzing a reaction carrier matrix. 
According to a variation, it is possible to optionally modulate 
the light intensity and/or Wavelength of each luminous spot of 
the illumination matrix or of the exposure pattern on the 
reaction carrier. 

[0035] The illumination matrix used is preferably a control 
lable re?ection matrix Which re?ects light location-selec 
tively, according to its control, in a particular direction (here 
in the direction of the reaction carrier). Such re?ecting sur 
face light modulators having controlled deformable mirror 
arrangements for generating light patterns canbe in particular 
light modulators having viscoelastic control layers or light 
modulators having micromechanical mirror arrays. Regard 
ing the technology of such light modulators having viscoelas 
tic control layers and light modulators having micromechani 
cal mirror arrays, relevant data sheets of the Fraunhofer 
Institute for Microelectronic Circuits and Systems are 
referred to and are attached to this application. The advantage 
of such controllable re?ection matrices is in particular that 
they are available for a Wide spectral range from UV to IR 
light, for example in a Wavelength range from 200-2000 nm. 
The neWest developments of controllable re?ection matrices 
in 40V-CMOS technology are advantageous in particular for 
transmitting high-energy radiation in the UV range and also 
in general at high energy densities per area. Due to the Work 
ing voltage of 40 V, the matrices are correspondingly insen 
sitive. A further advantage is that a re?ection matrix of this 
type facilitates an exposure parallel in time of all sites to be 
exposed in the exposure pattern at appropriate illumination 
using a light ?eld extending across the matrix area. This 
possibility of parallel exposure of a reaction carrier has con 
sequences for the length of the preparation (for in-situ syn 
theses), for the possibilities of online control and evaluation 
(no artefacts due to time gaps betWeen points of measurement 
etc.) and for possible manipulations, for example in the case 
of cell arrays or other biological components of a reaction 
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carrier (for example in the case of retina preparations or 
light-dependent neuronal activity). 
[0036] As long as parallel exposure is not crucial, it is 
possible, instead of uniform illumination of the illumination 
matrix to carry out screening or scanning of the illumination 
matrix using a bundled beam, for example a laser beam, in 
order to generate the desired light pattern on or in the reaction 
carrier, according to the control of the illumination matrix. It 
is thus possible to utilize a Wide variety of light sources, for 
example also light sources Whose emission spectrum or emis 
sion Wavelength can be optionally altered, e. g. an N2 laser, so 
that, for example, a plurality of signal-generating ?uorescent 
substances on or in the reaction carrier can be excited using 
different Wavelengths (this is a kind of 2D spectroscopy). 
[0037] Another class of possible illumination matrices for 
the use according to the present invention is represented by 
light source arrays, i.e. matrix-like arrangements of very 
small light sources Which can be controlled individually. 
These can be, for example, microlaser arrays, microdiode 
arrays or the like. UV-light emitting diodes are available noW 
Whose emission Wavelength is 370 nm. Such UV-light emit 
ting diodes are sold under the type designations NSHU 590 
and NSHU 550 by Roithner Lasertechnik, A-l040 Vienna, 
Fleischmanngasse 9. The corresponding UV-light emitting 
diode technology can be used for preparing a diode array, in 
particular microdiode array. 
[0038] Therefore, the individually controllable spots of 
such a light source array (light source matrix) correspond to 
the individual illumination spots on the reaction carrier in the 
individual reaction areas, it being possible for the generated 
exposure pattern to be reduced in size, if necessary, With the 
aid of suitable optical components. 
[0039] Such a (self-luminous) light source matrix is differ 
ent from illumination matrices Working as “light valves” such 
as, for example, LCDs and those Working as light re?ectors 
such as, for example, controllable micro-mirrors. A technical 
solution for a light source array can be structures based on 
gallium nitride (GaN) in a tWo-dimensional arrangement. 
GaN is knoWn as a UV emitter, for example from the prepa 
ration of commercially available UV LEDs. A matrix having 
many independently controllable elements is built from said 
structures through suitable Wiring. Furthermore, a corre 
spondingly built microlaser array is conceivable in Which, for 
example, GaN can be used as laser-active medium. 

[0040] Such a device may consist of, for example, a matrix 
of emitting semiconductor elements emitting light of Wave 
length <400 nm, as is done for example by GaN light emitting 
diodes. As mentioned, a possible illumination matrix is also a 
correspondingly built microlaser array. The size of a light 
emitting element may be in a range betWeen 500x500 um and 
50x50 um. Each matrix element can be separately controlled. 
For an exposure as the starting point of a biochemical reac 
tion, at least one light emitting diode emits photons Within a 
Wavelength range beloW 400 nm. Since the device has been 
designed preferably as a unit for initiating spatially separated 
photochemical reactions in a reaction carrier, the illumination 
matrix needs to be less than 75% occupied With light emitting 
elements. The size of the light source matrix is larger than or 
equal to the optical image on the reaction carrier. Minimizing 
the image may be required and is preferably achieved by 
lightWave conduction in a glass ?ber bundle (fused ?ber optic 
taper), optionally also by suitable lens systems. Fused ?ber 
optic tapers are knoWn to be employed in nightvision devices, 
for example. 
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[0041] The arrangement pattern of the UV-light emitting 
diodes preferably corresponds to the pattern of the synthesis 
positions in the reaction carrier. 
[0042] The structure of the illumination component (self 
luminous light source matrix) thus consists of a matrix on 
Which UV-light emitting diodes or microdiode lasers are 
arranged in roWs and columns. The individual light source 
elements of said matrix are controlled to generate a speci?c 
exposure pattern Which corresponds to the pattern of the 
synthesis positions in the reaction carrier. 
[0043] The individual light source elements are controlled, 
for example, roW- and columnWise Which causes pulsating of 
the individual light emitting diodes or laser elements, i.e. a 
variable light intensity is emitted. A similar method of control 
can be found, for example, in LCD illumination matrices. 
Alternatively, the individual light emitting diodes of the 
matrix can be statically controlled by ?ip-?ops or DRAMs 
and also by other suitable sWitches. 
[0044] The light source array may be immediately folloWed 
by a matrix made from optical microelements (or else a 
mechanical shadoW mask to suppress light scattering). This 
component may consist for its part of one of several intercon 
nected layers of microscopic optical elements (eg micro 
lenses) and is expediently mounted directly on the light 
source matrix. 

[0045] In one embodiment, the microoptical component is 
immediately folloWed by a fused ?ber optic taper Which 
serves to minimize the illumination pattern in a 1:1, 2: 1, . . . 

25:1 ratio (entrancezexit) or possible intermediate values. 
Here, the individual ?bers of the fused ?ber optic taper may 
be isolated from one another by a black sheathing. 
[0046] BetWeen the individual components of the device 
there may be a ?uidic optical medium. The exposure pattern 
generated may for its part be coupled into the reaction carrier 
via a fused ?ber optic taper Which is mounted directly on the 
surface of the planar reaction carrier. 
[0047] The possible structure of the reaction carrier and the 
arrangement of a light sensor matrix (multichannel detector 
matrix) Which is preferably provided in the form of a CCD 
chip is explained in the folloWing. 
[0048] The reaction carrier is arranged on the light-emitting 
side of the light source matrix. The reaction carrier is optically 
transparent at least on the side facing the illumination matrix. 
This makes it possible to generate a spatially resolved expo 
sure pattern in this reaction carrier, Which can be an opto 
?uidic microprocessor, for example. In this Way, it is possible 
to control in a spatially resolved manner immobilizing or 
synthesizing polymer probes in the reaction carrier by using 
suitable photochemistry Within the individual reaction areas. 
[0049] A device for implementing the method described 
can be built in a very compact and space-saving Way and may 
then carry out both synthesis activation on the reaction carrier 
and thus doping the reaction areas With the appropriate poly 
mer probes, and signal detection after adding sample mate 
rial. 
[0050] BetWeen the reaction carrier and the relevant light 
sensor matrix a spectral ?lter (bandpass or longpass) may be 
present Which facilitates spectral separation of the signal light 
from the exciting light in the ?uorimetric detection of the 
analytes bound to the biochip (reaction carrier). Moreover, 
using a ?lter Wheel containing various optical ?lters alloWs 
simultaneous detection of analytes of various sample materi 
als Which have been labeled by different ?uorophores With 
?uorescence maxima far apart in the spectrum. 
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[0051] The operating modes of the light source matrix (illu 
mination matrix) and the relevant light sensor matrix (e.g. 
CCD array) can be synchronized by either suitable hardWare 
or softWare. If the individual elements of the illumination 
matrix can be sWitched on a nanosecond timescale Without, 
for example, “afterglow”, then electronic synchronisation 
With a so-called gated CCD camera via an external frequency 
generator is also possible. Since the ?uorescence lifetime of 
common ?uorophores is usually a feW nanoseconds long, in 
this Way separation in time of the exciting light and the signal 
light is possible for the ?uorimetric detection of the analyte so 
that time-resolved spectroscopy can be carried out. 

[0052] Another class of illumination matrices Which can be 
used according to the invention is represented by matrix 
arrangements of “light valves” or controllable transmitted 
light modulators Which can be controlled location-selectively 
in order to let or not to let light through. Said devices are 
electronic components in Which the light of a light source falls 
on a matrix of controllable pixels. Each pixel can be modu 
lated by the electronic control signal With respect to its optical 
transparency. Thus a controllable light valve matrix LVM is 
created. In order to ful?ll the function of the light valve, parts 
of the electronic components (i.a. the actual electrodes) have 
to be transparent. The group of light valves includes as its 
most prominent representative the liquid crystal display 
LCD. Light valves based on LCD are very common, as micro 
version i.a. in the vieW?nder of digital videocameras and in 
nightvision devices, and as macro version, for example, in 
laptops or as display for personal computers. Transmission in 
the dark state is still up to 10% of the amount of light coming 
in from the back, though. LCDs are available for transmitted 
light Wavelengths of above 400 nm. For exposure in the UV 
range, the contained crystals are badly suited, i.a. oWing to 
their intrinsic absorption (see i.a. Microsystem Technologies 
1997, 42-47, Springer Verlag). For con?guring LVMs in the 
UV range, therefore, other substances are necessary as ?lling 
betWeen the transparent electrodes. Such alternative sub 
stances are knoWn, for example, from so-called suspended 
particle devices SPD (see i.a. US. Pat. No. 5,728,251). These 
and other substances can be used With the same electrode 
arrangement as LCDs, but it is also possible to use other 
transparent components. 
[0053] The method of the invention may provide for the 
carrier to be exposed to pulsating, coherent, monochromatic, 
parallel radiation or/and, Where appropriate, to radiation 
Which can be focused in different planes. 

[0054] The reaction carrier or biochip may have, for 
example, a semiconductor surface, a glass surface or a plastic 
surface for coating With biologically or biochemically func 
tional materials, Which surface may be an outer surface or/ and 
an inner surface of the carrier, the latter, as long as the carrier 
is at least partially holloWed out, for example has channels 
running through. Preference is given to using a transparent 
carrier Which facilitates optical studies in transmitted light 
mode. 

[0055] The predetermined activatable areas may include, 
for example, an area of from 1 um2 to 1 cm2, in particular 100 
um2 to 1 m2. The predetermined activatable areas may be 
surrounded by nonactivated or/ and nonactivatable areas. 

[0056] The illumination matrix may have a pattern inherent 
to the predetermined activatable areas, for example With sites 
Which cause alWays shading or darkness in the exposure 
pattern. 
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[0057] The biologically or biochemically functional mate 
rials are selected preferably from biological substances or 
from materials reacting With biological substances, namely 
preferably from nucleic acids and nucleic acid building 
blocks, in particular nucleotides and oligonucleotides, 
nucleic acid analogs such as PNA and building blocks 
thereof, peptides and proteins and building blocks thereof, in 
particular amino acids, saccharides, cells, subcellular prepa 
rations such as cell organelles or membrane preparations, 
viral particles, cell aggregates, allergens, pathogens, pharma 
cological active substances and diagnostic reagents. 
[0058] The biologically or biochemically functional mate 
rials are preferably synthesized on the carrier in tWo or more 
stages from monomeric or/and oligomeric building blocks. 
[0059] The great ?exibility of the method according to the 
invention facilitates generating an expansive substance 
library having a multiplicity of different biologically or 
chemically functional materials on the carrier. 
[0060] The activation of predetermined areas comprises in 
particular cleaving a protective group off the carrier itself or 
off materials or building blocks thereof Which are bound on 
said carrier. 
[0061] The illumination matrix facilitates a ?exible control 
of the time course of the exposure so that the exposure may 
take place at a rate in the range of from, for example, 1/10000 to 
1000, in particular 1/10 to 100 light patterns per second. 
[0062] According to a preferred variation of the method, 
exposure of the carrier is monitored by a light sensor matrix, 
in particular a CCD matrix, and, Where appropriate, con 
trolled taking into account the information obtained by said 
monitoring. Preferably, the sensor matrix is arranged oppo 
site to and facing the illumination matrix, With the carrier 
being positioned betWeen illumination matrix and sensor 
matrix in order to make transmitted-light observation pos 
sible. Alternatively, the illumination matrix, carrier and sen 
sor matrix may also be grouped in a re?ected-light arrange 
ment. 

[0063] The sensor matrix may be used for carrying out 
automatic recognition and/ or, Where appropriate, calibration 
of the particular carrier used by means of an analysis unit 
connected after the sensor matrix. 

[0064] A further development of the invention may provide 
for removing the materials synthesized on the carrier, in par 
ticular polymers such as nucleic acids, nucleic acid analogs 
and proteins in order to provide them for particular purposes. 
In this aspect, it is possible to make use of the method prac 
tically as a preparation method for biochemical materials. In 
this context, it may be provided for to remove the materials in 
different areas in successive steps and to use them as building 
blocks for further synthesis of polymers, in particular nucleic 
acid polymers. 
[0065] Further aspects of the invention are given in claims 
25 to 40, in particular the use of an illumination matrix Which 
can be controlled to generate an optionally adjustable expo 
sure pattern as light source of a light-emission detector for 
detecting the optical behavior of a 2- or 3-dimensional test 
area provided With biologically or biochemically functional 
materials, the test area being preferably prepared in the light 
emission detector. 
[0066] A further aspect of the invention should be pointed 
out, according to Which a controllable illumination matrix is 
used for exposing in a spatially resolved manner reaction 
carriers With cells/tissue sections, in order to carry out expo 
sure-dependent manipulations (light-sensitive processes such 
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as photosynthesis, manipulation of retina preparations, light 
dependent neuronal activity) or analyses (as 2D-FACS; cell 
array, tissue-derived cell-array). 
[0067] The invention further relates to a light-emission 
detector as claimed in any of claims 41-43. 

[0068] In this context, the illumination matrix or light 
source matrix is an illumination matrix Which can be loca 

tion-selectively controlled With respect to its optical transpar 
ency, in particular a light valve matrix, a re?ection matrix or 
a self-luminous or self-emitting illumination matrix. 

[0069] According to an embodiment of the light-emission 
detector, the illumination matrix is based on a light valve 
matrix (e.g. LCD matrix). In combination With a suitable light 
source, the light valve matrix makes the production of a 
highly parallel, high-resolution and location-speci?c exciting 
light source and inspection light source possible Which, 
oWing to its ?exibility, opens up a multiplicity of possible 
applications. Light valve matrices are Well advanced in their 
development due to their Wide use in the electronic consumer 
goods sector and are therefore reliable, cheap and extremely 
small. As already illustrated, a possible application of this 
type of illumination matrix is to replace the relatively expen 
sive photolithography (eg in the photoactivated oligo syn 
thesis When preparing DNA chips) at relatively loW resolu 
tions, such as, for example, for simple Si chips or DNA chips. 
[0070] The light sensor matrix can preferably be a CCD 
image recorder (CCD camera chip). If these tWo chips are 
arranged opposite to each other, then an extremely compact, 
highly parallel excitation, inspection and detection unit is 
obtained for an even larger number of applications. The tWo 
dimensional light-emission detection unit develops its enor 
mous potential in particular due to the intelligent interaction 
of tWo-dimensional control and tWo-dimensional readout. 
Here, the poWer of modern computers and softWare systems 
provides enormous potential for application and develop 
ment, and both hardWare and softWare can be based on the 
available systems for utiliZing the light valve matrix (e.g. 
LCD) as man/machine interface. In applications using a com 
bination of light source and detector, the intensity sensitivity 
(eg 264 to 4096 or to several 100 000 levels for CMOS 
CCDs) and the color (i.e. Wavelength) distinction in the CCD 
chip (e.g. peak ?lters for red, green and blue or other colors, 
depending on the ?lters in front of the pixels) are suitable for 
tWo-dimensional spectroscopy. An object or other test 
samples to be studied/analyZed/excited or otherWise speci? 
cally illuminated With light and synchronously screened for 
light emissions is introduced onto or into the carrier betWeen 
illumination matrix and light sensor matrix. A kind of sand 
Wich structure composed of illumination matrix, carrier or 
test object and light sensor matrix is created. The distance 
betWeen the illumination matrix and the test object and like 
Wise betWeen the test object and the light sensor matrix chip 
should preferably be minimal in order to minimiZe the devia 
tion (scattering) of light from the relevant pixel of the illumi 
nation matrix to the opposite pixel of the light sensor matrix. 

[0071] During the synthesis steps, the light-emission detec 
tor also serves as a detector, for example, for movements of 
?uids and alloWs integrated quality control or process control. 
This has a positive effect on quality and use of resources and 
reduces the reject rate. If no process monitoring during syn 
thesis is needed and detection is carried out in a separate 
system, it is also possible to replace the light sensor matrix 
With a temperature control unit, for example. 






















