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METHOD AND APPARATUS FOR PRODUCING 
COMPACT MICROARRAYS 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a method and 
apparatus for producing microarrays. More speci?cally, the 
present invention relates to a method and apparatus for 
increasing the speed of production of compact microarrays. 

[0002] As is Well knoWn (and described for example in 
US. Pat. No. 5,807,522 to BroWn et al. and in “DNA 
Microarrays: A Practical Approach”, Schena, Mark, NeW 
York, Oxford University Press, 1999, ISBN 0-19-963776-8), 
microarrays are arrays of very small samples of puri?ed 
DNA or protein target material arranged as a grid of hun 
dreds or thousands of small spots on a solid substrate. When 
the microarray is exposed to selected probe material, the 
probe material selectively binds to the target spots only 
Where complementary bonding sites occur, through a pro 
cess called hybridiZation. Subsequent quantitative scanning 
in a ?uorescent microarray scanner may be used to produce 
a pixel map of ?uorescent intensities (See, e.g., US. Pat. No. 
5,895,915, to DeWeerd et al.). This ?uorescent intensity map 
can then be analyZed by special purpose quantitation algo 
rithms Which reveal the relative concentrations of the ?uo 
rescent probes and hence the level of gene expression, 
protein concentration, etc., present in the cells from Which 
the probe samples Were extracted. 

[0003] The microarray substrate is generally made of glass 
Which has been treated chemically to provide for molecular 
attachment of the spot samples of microarray target material. 
The microarray substrate is also generally of the same siZe 
and shape as a standard microscope slide, about 25 mm><75 
mm><1 mm thick. The array area can extend to Within about 
1.5 mm of the edges of the substrate, or can be smaller. The 
spots of target material (typically DNA) are approximately 
round. The spot diameter is generally determined by the 
dispensing or spotting technique used and typically varies 
from about 75 microns to about 500 microns, and may be as 
small as about 20 microns. The general trend is toWard 
smaller spots, Which produce more compact arrays. The 
center-to-center spacing betWeen the spots usually falls into 
the range of 1.5 to 2.5 spot diameters. 

[0004] FIG. 1A, Which is not draWn to scale, shoWs a top 
vieW of a prior art microarray 100. In FIG. 1A, each of the 
circles represents a tiny spot of target material that has been 
deposited onto a rectangular glass substrate 101, and the 
spots are shoWn in a magni?ed vieW as compared to the 
substrate 101. Assuming typical dimensions of 100 pm spot 
diameter and 200 pm center-to-center spacing betWeen the 
spots, the illustrated six by six array of spots covers only a 
1100 pm by 1100 pm square area of the 25 mm by 75 mm 
area de?ned by the substrate 101. Thousands of spots are 
usually deposited in a typical microarray and the spots may 
cover nearly the entire substrate. The portion of the microar 
ray that is covered With spots of target material may be 
referred to as the “active area” of the microarray. 

[0005] There are several Well knoWn methods of deposit 
ing the spots onto the substrate of a microarray, and instru 
ments that deposit the spots are typically referred to as 
“spotting instruments”. One popular method is to use one or 
more “pins” to transfer the target material from a reservoir 
onto the microarray substrate. FIG. 1B shoWs an example of 
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such a prior art pin 102, Which includes a pin head 104 and 
a needle 106. Both the pin head 104 and the needle 106 are 
generally cylindrical, and the pin head 104 and needle 106 
are generally disposed so that they are coaxial. The diameter 
of the pin head 104 is greater than the diameter of the needle 
106, and the needle is substantially longer than the pin. One 
end 107 of the needle 106 is tapered or sharpened, and the 
other end of the needle is attached or bonded to the pin head 
104. Examples of such pins are described in, for example, 
US. Pat. No. 5,770,151 (Roach et al.) and US. Pat. No. 
5,807,522 (BroWn et al.). 
[0006] In operation, the sharp ends 107 of the pins are 
dipped into a reservoir of the liquid target material so that 
some of the material is “picked up” or becomes attached to 
the pins. The sharp ends of the pins are then placed in 
contact With the substrate to deposit tiny amounts of the 
material onto selected locations of the substrate. The pins are 
normally moved by a mechanical or robotic apparatus so the 
spots may be accurately placed at desired locations on the 
substrate. 

[0007] Some types of pins are capable of absorbing only 
enough target material to form a single spot on the microar 
ray before they need to be re-dipped in the reservoir, 
Whereas others can absorb enough target material from the 
reservoir to form several or even hundreds of spots before 
they need to be re-dipped in the reservoir. In either case, the 
pins must be manufactured to very precise tolerances to 
insure that each spot formed by the pin Will be of controlled 
siZe. As a result of these demanding speci?cations, the pins 
are rather expensive (e. g., a single pin typically costs several 
hundred dollars). Also, the sharp ends of the pins are so 
small and precisely shaped (e.g., a square tip measuring 50 
microns on a side) that the pins are fragile. Accordingly, to 
prevent damage, the sharp ends of the pins must only be 
exposed to a tiny force When the sharp ends are placed in 
contact With the substrate or any other solid object. 

[0008] Spotting instruments typically form microarrays in 
batches. For example, in a single “run”, a spotting instru 
ment may form up to 100 identical microarrays. After 
forming enough spots to complete the batch of microarrays 
being spotted, the pins generally need to be Washed (to 
remove any excess liquid target material), and then dried 
before they can be dipped into another reservoir of target 
material. So the process of forming microarrays With a 
“pin-type” spotting instrument includes steps of (1) posi 
tioning a pin over a reservoir of target material; (2) dipping 
the sharp end of the pin into the reservoir; (3) WithdraWing 
the sharp end of the pin from the reservoir; (4) moving the 
pin over a selected location Within the active area of a 
microarray; (5) loWering the pin to bring the sharp end of the 
pin into contact With the microarray substrate to form a 
single spot of controlled siZe at the selected location; (6) 
raising the pin to separate the sharp end of the pin from the 
substrate; (7) repeating steps (4), (5), and (6) until the pin’s 
supply of target material is exhausted or until the desired 
number of spots have been placed on the bach of microar 
rays being produced; (8) Washing the pin by either placing 
the pin in a stream of cleaning solution or by dipping the pin 
into a reservoir of cleaning solution; and (9) drying the pin. 
The spotting instrument repeats all of these steps numerous 
times to form a single microarray. 

[0009] Since microarrays typically include thousands of 
spots, using only a single pin to form the microarray Would 
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be extremely time consuming. Accordingly, spotting instru 
ments are often capable of simultaneously manipulating 
several pins. FIGS. 1C, 1D and 1E show side, top, and 
perspective, views respectively of a printhead 110 that can 
simultaneously hold siXteen pins 102. Printhead 110 is a 
solid block of material, typically metal, that de?nes an array 
of siXteen apertures 112. The apertures 112 are slightly larger 
than the outer diameter of the needles 106 so the needles can 
eXtend through the apertures 112. The apertures 112 are also 
smaller than the outer diameter of the pin heads 104 so that 
when the needle of a pin is dropped into one of the apertures 
112, the pin head 104 will be supported by the upper surface 
of the printhead 110. The pins are thereby “slip-?t” into the 
apertures of the printhead. FIGS. 1F and 1G show side and 
top views, respectively, of siXteen pins mounted into print 
head 110. 

[0010] FIG. 1H illustrates printhead 110 being lowered to 
place the sharp ends of the pins 102 into contact with 
substrate 101 and thereby simultaneously forming siXteen 
spots of target material on the substrate. As shown, the 
printhead is generally lowered about 1 mm further than 
required to place the sharp ends of the pins in contact with 
the substrate. The slip-?t allows the upper surface of the 
printhead to be lowered beneath the bottom of the pin heads 
without imparting signi?cant force to the sharp ends of the 
pins. The printhead is preferably lowered suf?ciently slowly 
so that the force applied to the sharp ends of the pins (1) is 
principally determined by the weight of the pin plus a minor 
additional force due to the friction of the slip-?t and (2) is 
not signi?cantly affected by inertial forces. The act of 
lowering the printhead to place the sharp ends of the pins in 
contact with the substrate and thereby forming spots on the 
microarray is commonly referred to as “printing”. 

[0011] Commercially available printheads provide 
between 4 and 72 apertures, thereby accommodating 
between 4 and 72 pins. Commercially available reservoirs 
provide a plurality of wells, or individual reservoirs, and 
permit each pin mounted in a printhead to be dipped into a 
separate well. Two popular reservoirs useful for producing 
microarrays are the “96-well plate” and the “384-well plate”. 
Each of these plates provide a rectangular array of wells, 
each well being capable of holding a unique sample of liquid 
target material. FIG. 1I shows a top view of a 96-well plate. 
In 96-well plates, the centers of the individual reservoirs are 
separated by 9.0 mm, and in 384-well plates, the centers of 
the individual-reservoirs are separated by 4.5 mm. The 
centers of adjacent apertures in commercially available 
printheads are correspondingly separated by either 9.0 or 4.5 
mm. Pin-type spotting instruments generally include mecha 
nisms for holding or manipulating one or more plates (e.g., 
either 96-well or 384-well), a printhead, a robotic manipu 
lator for controlling the movement of the printhead, mecha 
nisms for holding a plurality of substrates, a pin washer, and 
a dryer. 

[0012] FIGS. 2A and 2B illustrate some of the steps in 
forming a microarray 200 with a pin-type spotting instru 
ment. Microarray 200 has a rectangular substrate 101 mea 
suring 75 mm by 25 mm and a rectangular active area 202 
(within which all spots will be deposited) measuring 18 mm 
by 54 mm. FIG. 2A shows a rectangular area 210 within 
which 48 spots have been deposited using a printhead 
carrying 48 pins. The area within which the 48 spots have 
been placed is called the “footprint”210 of the printhead. A 
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48-pin printhead, carrying four rows of pins with twelve pins 
in each row, in which the centers of the pins are spaced apart 
by 4.5 mm, has a rectangular “footprint” that measures 13.5 
mm by 49.5 mm, where the “footprint” is the minimum 
(regularly-shaped, contiguous) area that contains all the 
spots made by allowing all the pins in the printhead to 
contact the substrate once. In other words, every single 
printing deposits 48 spots of target material onto the sub 
strate and those 48 spots ?t into a rectangular 13.5 mm by 
49.5 mm footprint. 

[0013] FIG. 2A shows a top view of the footprint 210 of 
such a printhead superposed onto substrate 101. Footprint 
210 represents an area within which 48 spots have been 
printed onto the substrate 101 of a microarray. Since each 
spot has a diameter of only about 20 to 500 microns, and 
since footprint 210 includes only 48 spots, most of the 
footprint 210 is occupied by empty space (i.e., most of the 
area of the footprint 210 is not occupied by spots of target 
material). The microarray is created by repeatedly printing 
spots onto the substrate with the footprint of each printing 
being slightly offset (and mostly overlapping) with the 
footprints associated with all the other printings. FIG. 2B 
shows the footprint 212 of a second printing. The combined 
areas of the two footprints 210, 212 will contain 96 spots: 
two arrays of 48 spots with each array being slightly offset 
from the other. The microarray is created by repeatedly 
printing arrays of spots until all desired spots have been 
placed on the substrate. Normally, the active area of the 
microarray is ?lled in until any additional printings would 
form spots that overlie or otherwise disturb spots from 
previous printings. The active area generated by the above 
discussed 48-pin printhead is typically 18 mm by 54 mm. 

[0014] One obvious advantage of using multiple pins, is 
that it reduces the number of printing steps, and therefore the 
time, required to produce a microarray. However, one dis 
advantage of using multiple pins is that it increases the 
dif?culty of making a “compact” microarray. For eXample, 
as shown in FIGS. 2A and 2B, the active area of the 
microarray (i.e., the area that contains all the spots) must be 
at least as large as the printhead’s footprint. Since the siZe of 
the footprint increases with the addition of more pins, 
increasing the number of pins used tends to increase the 
overall siZe of the active area of the microarray. 

[0015] Decreasing the active area of a microarray, or 
making the microarray more “compact”, has several advan 
tages. First, the hybridiZation reaction requires less ?uores 
cently labeled probe material if the active area of the 
microarray is small, and the probe material is expensive and 
technically dif?cult to make in large volumes. Second, the 
hybridiZation reaction is more likely to be uniform in rate 
and eXtent over a smaller array area than over a large area, 
producing results of higher quality. Third, subsequent to 
hybridiZation, the microarrays are normally scanned for 
quantitative ?uorescence intensity. The output of this scan 
ning process is image ?les, at least two ?les per microarray, 
each ?le typically of several megabytes. These image ?les 
are used as inputs to microarray quanti?cation software 
programs, which eXtract numerical results from them. More 
compact arrays produce smaller image ?les, easing the 
downstream data storage and image quanti?cation pro 
cesses. The relative importance of each of these factors 
varies from application to application, and eXperiment to 
experiment. 
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[0016] By Way of example, one useful “compact” microar 
ray con?guration has an active area that is an 18 mm square, 
and 20,000 spots of 80 pm diameter on 127 pm spacing are 
deposited in that active area. With pins spaced apart from 
one another by 4.5 mm, a maXimum of 16 pins can be used 
to fabricate such an array. The addition of even a single eXtra 
(seventeenth) pin Would increase the active area beyond the 
desired 18 mm square. If each printing takes about a minute 
(Where the time for each printing includes dipping the pins 
in the target material, contacting the pins to the substrate, 
and Washing and drying the pins), then fabricating such an 
array With 16 pins Will require about 21 hours (1250 separate 
printings of the siXteen pins are required to product 20,000 
spots). Using 32 pins to fabricate the array Would reduce the 
fabrication time in half, but Would also double the footprint 
of the printhead and thereby double the active area of the 
array. 

[0017] On one hand, the desire to increase the throughput 
of the spotting instrument suggests increasing the number of 
pins in the printhead to provide a high degree of parallelism 
in the spotting operation. On the other hand, a large number 
of pins in the printhead forces the microarray’s active area 
to be at least as large as the footprint of the pattern of pins, 
regardless of hoW many spots are in the microarray. Because 
the quality of the results of a microarray eXperiment are 
generally judged to be more important than the throughput, 
the desire for a compact array for improved control of the 
hybridiZation reaction normally dominates the decision of 
hoW many pins to use. As a result, spotting instruments are 
often used With less than fully populated printheads. For 
eXample, since the above-described type of array can only be 
printed With a maXimum of siXteen pins, even if a printhead 
of a particular spotting instrument could accommodate 48 
pins (i.e., the printhead de?nes 48 apertures), only 16 pins 
could be used and the remaining capacity to hold an addi 
tional 32 pins Would be unused. So, the potential gains in 
throughput and productivity enabled by a high pin count 
often remain unrealiZed due to the problem of the resulting 
arrays being undesirably large. 

[0018] It Would therefore be advantageous to provide 
methods and systems for using large numbers of pins to 
produce compact microarrays. 

SUMMARY OF THE INVENTION 

[0019] These and other objects are provided by a pin-lifter 
that can selectively lift one or more pins partially out of a 
printhead and thereby prevent the lifted pins from contacting 
the substrate during any printing operation. The ability to 
prevent selected pins from contacting the substrate during a 
printing (i.e., the ability to selectively disable the printing 
function of selected pins) can be used, for example, to 
advantageously increase the rate of production of compact 
microarrays. 

[0020] Still other objects and advantages of the present 
invention Will become readily apparent to those skilled in 
the art from the folloWing detailed description Wherein 
several embodiments are shoWn and described, simply by 
Way of illustration of the best mode of the invention. As Will 
be realiZed, the invention is capable of other and different 
embodiments, and its several details are capable of modi? 
cations in various respects, all Without departing from the 
invention. Accordingly, the draWings and description are to 
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be regarded as illustrative in nature, and not in a restrictive 
or limiting sense, With the scope of the application being 
indicated in the claims. 

BRIEF DESCRIPTION OF THE FIGURES 

[0021] For a fuller understanding of the nature and objects 
of the present invention, reference should be made to the 
folloWing detailed description taken in connection With the 
accompanying draWings in Which the same reference numer 
als are used to indicate the same or similar parts Wherein: 

[0022] FIG. 1A shoWs a top vieW of a prior art microarray. 

[0023] FIG. 1B shoWs a side vieW of a prior art pin. 

[0024] FIGS. 1C, 1D, and 1E shoW side, top, and per 
spective vieWs, respectively, of a prior art printhead. 

[0025] FIGS. 1F and 1G shoW side and top vieWs, 
respectively, of siXteen pins mounted in the printhead shoWn 
in FIGS. 1C, 1D, and IE. 

[0026] FIG. 1H shoWs a printing in Which the printhead 
shoWn in FIG. 1F is loWered suf?ciently With respect to a 
substrate to bring the siXteen pins shoWn in FIG. 1F into 
contact With the substrate and thereby form 16 spots of a 
microarray. 

[0027] FIG. 1I shoWs a top vieW of a prior art 96-Well 
plate. 

[0028] FIGS. 2A and 2B shoW top vieWs of the footprints 
associated With tWo printings. 

[0029] FIG. 3A shoWs a perspective vieW of a pin-lifter 
constructed according to the invention disposed over a 
printhead. 

[0030] FIG. 3B shoWs a side vieW of the pin-lifter shoWn 
in FIG. 3A disposed over a printhead in Which 16 pins have 
been mounted. 

[0031] FIG. 3C shoWs a side vieW of the con?guration of 
FIG. 3B in Which the pin-lifter has lifted eight pins partially 
out of the printhead. 

[0032] FIG. 3D shoWs a side vieW of the con?guration 
shoWn in FIG. 3C during a printing in Which the pin-lifter 
prevents eight pins from contacting the substrate. 

[0033] FIG. 4A shoWs a perspective vieW of one embodi 
ment of a pin-lifter constructed according to the invention 
disposed over a printhead. 

[0034] FIG. 4B shoWs a side vieW of the pin-lifter shoWn 
in FIG. 4A disposed over a printhead in Which 16 pins have 
been mounted. 

[0035] FIG. 4C shoWs a side vieW of the con?guration 
shoWn in FIG. 4B in Which the pin-lifters have lifted four 
pins partially out of the printhead. 

[0036] FIG. 4D shoWs a side vieW of the con?guration 
shoWn in FIG. 4C during a printing in Which the pin-lifters 
prevent four pins from contacting the substrate. 

[0037] FIGS. 4E and 4F shoW perspective vieWs of tWo 
additional embodiments of pin-lifters constructed according 
to the invention disposed over a printhead. 
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[0038] FIGS. 4G, 4H, and 41 show side views of another 
embodiment of pin-lifters constructed according to the 
invention. 

[0039] FIG. 4J shoWs a top vieW of another pin-lifter 
constructed according to the invention con?gured With a 
48-pin printhead. 
[0040] FIG. 4K shoWs a side vieW of the pin-lifters shoWn 
in FIG. 4J disposed over a substrate. 

[0041] FIG. 4L shoWs a side vieW of the pin-lifters shoWn 
in FIG. 4K during a printing in Which tWo of the pin-lifters 
prevent 32 pins from contacting the substrate. 

[0042] FIG. 5A shoWs a perspective vieW of a printhead 
constructed in accordance With the invention. 

[0043] FIG. 5B shoWs a spring disposed betWeen a print 
head and a pin head in accordance With the invention. 

[0044] FIGS. 6A, 6B, 6C, and 6D illustrate hoW pin-lifters 
constructed according to the invention may be used in 
accordance With the invention to facilitate production of 
compact microarrays. 

[0045] FIGS. 7A, 7B, and 7C illustrate hoW pin-lifters 
constructed according to the invention may be used in 
accordance With the invention to facilitate production of 
compact microarrays. 

[0046] FIG. 8A shoWs a pin-lifter-sensor constructed 
according to the invention disposed over a 16-pin printhead. 

[0047] FIG. 8B shoWs the pin-lifter-sensor shoWn in FIG. 
8A lifting four pins partially out of the printhead. 

[0048] FIG. 9 shoWs a block diagram of a spotting instru 
ment constructed in accordance With the invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0049] FIG. 3A shoWs a perspective vieW of a portion 300 
of a spotting instrument constructed according to the present 
invention. Portion 300 includes a printhead 110 and a 
pin-lifter 312 disposed over the printhead 110. FIG. 3B 
shoWs a side vieW of portion 300 When siXteen pins 102 have 
been mounted in the printhead 110. Pin-lifter 312 is capable 
of selectively lifting pins partially out of printhead 110. For 
example, FIG. 3C shoWs pin-lifter 312 lifting eight of the 
siXteen pins (i.e., tWo roWs of four pins each) partially out 
of printhead 110 While portion 300 is disposed over a 
substrate 101 of a microarray. FIG. 3D shoWs an eXample of 
hoW pin-lifter 312 can be used to prevent selected pins 102 
from printing onto the substrate 101. In FIG. 3D, portion 
300 has been loWered relative to substrate 101 (as compared 
With the position shoWn in FIG. 3C) to effect a printing (i.e., 
to bring the sharp ends of some of the pins into contact With 
the substrate). If pin-lifter 312 Was not present (or inactive), 
positioning the printhead 110 relative to the substrate 101 as 
shoWn in FIG. 3D Would result in printing siXteen spots of 
target material onto the substrate 101. HoWever, since pin 
lifter 312 has lifted eight of the pins partially out of the 
printhead, only eight of the pins actually contact the surface 
of the substrate 101 and only eight spots are printed. 

[0050] As discussed above in connection With FIG. 1H, 
printheads are normally loWered about 1 mm further than 
required to contact the sharp ends of the pins to the surface 
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of the substrate. The amount that the printhead is loWered 
beyond What is required to bring the sharp ends of the pins 
into contact With the surface of the substrate may be referred 
to as the amount of “overtravel”. To prevent a particular pin 
from printing, the pin-lifter 312 lifts the pin by an amount 
greater than the amount of over-travel used for any particular 
printing (as shoWn for eXample in FIG. 3D). Since most 
spotting instruments usually use about 1 mm of over-travel, 
it is useful for the pin-lifter to be capable of lifting pins about 
2 mm out of the printhead. 

[0051] Some particular embodiments of pin-lifters con 
structed according to the invention Will noW be described. 
After those embodiments have been described, methods of 
using pin-lifters in accordance With the invention Will then 
be described. FIGS. 4A and 4B shoW perspective and side 
vieWs, respectively, of four pin-lifters 420 disposed above 
four apertures of a siXteen aperture printhead 110. Each of 
the pin-lifters 420 includes an electromagnet formed from a 
cylindrical core 421 of “soft” ferromagnetic metal (e.g., 
nickel-iron) and a coil of Wire 422 that is Wound around the 
core 421. Application of an electric current to coil 422 (e.g., 
DC current) causes the pin-lifter 420 to generate an elec 
tromagnetic force. Since most all commercially available 
pins are fabricated from ferromagnetic material (e.g., pins 
sold by Telechem are made of 400-series stainless steel), this 
electromagnetic force can attract the pins and thereby lift 
them partially out of the printhead. In one preferred embodi 
ment, core 421 is fabricated from Carpenter 49 nickel-iron, 
and the coil 422 is fabricated from magnet Wire. 

[0052] FIG. 4A shoWs a side vieW of four pin-lifters 420; 
disposed: over the left most roW of pins 102 in printhead 110 
before application of electric current to the coils. FIG. 4C 
shoWs the same pin-lifters 420 after application of electric 
current to all the coils 422. The electromagnetic force 
generated by pin-lifters 420 in response to application of the 
electric current lifts the pins disposed directly beneath the 
pin-lifters out of the printhead and brings the pins into 
contact With the cores 421. FIG. 4D illustrates a printing in 
Which only tWelve of the siXteen pins in printhead 110 are 
alloWed to contact substrate 110 because the four pin-lifters 
420 have prevented the remaining four pins from contacting 
the substrate. 

[0053] Each of the pin-lifters 420 is capable of lifting a 
single pin out of the printhead. Although only four pin-lifters 
420 are illustrated in FIGS. 4A-4D, in general, one pin-lifter 
420 Would normally be provided for every aperture of the 
printhead (so, e.g., 48 pin-lifters 420 Would be disposed over 
the apertures of a 48 aperture printhead, each of the pin 
lifters corresponding to a single one of the apertures). If a pin 
is present in an aperture, the electromagnetic force generated 
by application of electric current to the pin-lifter 420 dis 
posed over that pin lifts the pin partially out of the printhead 
and brings the pin into contact With the core 421. Also, 
removing the electric current from coil 422 interrupts the 
electromagnetic force and alloWs the pin to drop back into 
a printing position Within the printhead. 

[0054] The cores 421 of the pin-lifters are preferably 
positioned coaXially over their corresponding apertures in 
the printhead. Each core 421 directs the magnetic force 
generated by its pin-lifter doWn to the pin disposed directly 
beneath the pin-lifter (i.e., to the pin mounted Within the 
aperture that is coaXial With the core). So, each pin-lifter 
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420, When actuated by application of electric current, gen 
erates a force that lifts the pin disposed directly beneath the 
pin-lifter. The direction of any attractive force betWeen a 
pin-lifter 420 and a pin that is not disposed coaxially beneath 
the pin-lifter’s core Would not be coaxial With the aperture 
Within Which the pin is mounted. Accordingly, friction tends 
to prevent pin-lifters 420 from attracting pins that are not 
disposed in apertures coaxial With the pin-lifter’s core. 

[0055] The magnetic force required to hold a pin in 
contact With core 421 is signi?cantly less than the force 
required to attract the pin across the air gap (i.e., the force 
required to cause the pin to move from a printing position 
Within the printhead, as shoWn in FIG. 4B, to a position in 
Which the pin head is in contact With the core 421, as shoWn 
in FIG. 4C). Accordingly, to minimize electric current and 
heat dissipation requirements associated With lifting a pin, it 
may be advantageous to initially apply a relatively large 
pulse of current (to generate a sufficiently large electromag 
netic force to attract the pin across the air gap) and thereafter 
apply only a reduced current (to generate a reduced mag 
netic force suf?cient to hold the pin in contact With the core). 
Also, since the pins Will typically exhibit magnetic hyster 
esis, it may be advantageous to reverse the direction of 
current applied to the coil every time the pin-lifter is 
actuated. In other embodiments, it may be bene?cial to 
loWer the pin-lifters 420 so that the cores 421 are in physical 
contact With the pin heads before applying the electric 
current to coil 422. After application of electric current, the 
pin-lifters 420 may then be raised above the printhead, for 
example to the position shoWn in FIG. 4C, to lift the pins out 
of the printhead. 

[0056] FIG. 4E shoWs a perspective vieW of another 
pin-lifter 430 constructed according to the invention dis 
posed over printhead 110. As With pin-lifter 420, pin-lifter 
430 includes a core 431 of “soft” ferromagnetic metal and a 
coil of Wire 432 that is Wound around the core 431. HoW 
ever, rather than using a cylindrical core (such as core 421), 
the core 431 of pin-lifter 430 is rectangular or oblong. More 
speci?cally, the core 431 is long enough to cover an entire 
roW of apertures in the printhead. Whereas pin-lifter 420 
lifted only a single pin, pin-lifter 430 is capable of simul 
taneously lifting an entire roW of pins. More speci?cally, 
application of electric current to coil 432 Will lift any pins 
mounted in the roW of apertures directly beneath pin-lifter 
430. Although only one pin-lifter 430 is shoWn in FIG. 4E, 
it Will be appreciated that normally one pin-lifter 430 Would 
be provided for every roW of apertures in the printhead. 
Alternatively, tWo or more pin-lifters 430 could be used to 
cover a single roW (e.g., four pin-lifters 430, each long 
enough to cover three apertures, could be used to cover a 
single roW of tWelve apertures in a printhead). 

[0057] The magnetic ?eld generated by approximately 
100 ampere-turns is suf?cient for pin-lifter 430 to lift the 
pins disposed beneath it across an air gap at least as large as 
2 mm. After the pins have been lifted and are in contact With 
the core 431, a holding current of no more than 10% of that 
required to generate the lifting force is sufficient to retain the 
pins securely. In one preferred embodiment, the core 431 is 
rectangular and measures 3 mm by 18 mm, the coil 432 is 
Wound 200 times around the core 431, 0.5 amperes are 
applied to the coil 432 to lift the pins across the air gap, and 
0.05 amperes are applied to the coil 432 as a holding current 
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to hold the pins in contact With the core 431 after they have 
been lifted across the air gap. 

[0058] FIG. 4F illustrates yet another embodiment of a 
pin-lifter 440 constructed according to the invention. Pin 
lifter 440 includes a core 441 and a coil of Wire 442 Wound 
around the core 441. In pin-lifter 440 the core is suf?ciently 
large to cover tWo roWs of the apertures of printhead 110. 
Application of electric current to coil 442 Will lift all pins 
mounted in the eight apertures disposed directly beneath the 
core 441. It Will be appreciated that core 441 can be siZed to 
cover tWo or more roWs of apertures of any printhead, or, 
alternatively, the core 441 can be siZed to cover portions of 
multiple roWs of apertures. For example, core 441 could be 
siZed to cover all sixteen apertures of printhead 110, so a 
single pin-lifter 440 could lift all sixteen pins out of print 
head 110. As another example, the core 441 of a pin-lifter 
440 could be con?gured to cover four roWs of apertures With 
three apertures per roW (i.e., a 4x3 array of tWelve aper 
tures). Four such pin-lifters could be used to cover all the 
apertures of a 48 aperture printhead (i.e., a printhead having 
four roWs With tWelve apertures in each roW). A con?gura 
tion of four such pin-lifters could lift all 48 pins out of the 
printhead, or could selectively lift groups of tWelve pins out 
of the printhead. 

[0059] An array of single-pin pin-lifters 420 (i.e., one 
pin-lifter 420 for each aperture of a printhead), advanta 
geously provides independent control over each pin in the 
printhead. Such control could be considered “random 
access”, since any pin in the printhead could be lifted, or 
loWered, independently from all other pins. Random access 
control is advantageous because it provides a high degree of 
?exibility. HoWever, although multiple-pin pin-lifters 430 
and 440 do not provide random access control over every pin 
in the printhead, the control circuitry for controlling an array 
of multiple-pin pin-lifters 430, 440 is generally less complex 
than the control circuitry for controlling an array of single 
pin pin-lifters 420 (i.e., because feWer independent elements 
need to be controlled). Also, an array of multiple-pin pin 
lifters is generally less mechanically complex than an array 
of single-pin pin-lifters (i.e., assuming that both arrays cover 
the same number of pins). 

[0060] FIGS. 4G-4I illustrate another embodiment of a 
pin-lifter 450 constructed according to the invention. Rather 
than using electromagnetic forces, pin-lifter 450 uses suc 
tion to lift pins out of the printhead. Each pin-lifter 450 
includes (1) a cylindrical cap 451 con?gured to partially 
cover a pin head, (2) a suction tube 452, and (3) a control 
valve 453. Normally, one pin-lifter 450 Would be provided 
for every aperture in the printhead. Initially, the pin-lifters 
450 are loWered so that the caps 451 cover their respective 
pins as shoWn in FIG. 4G. Thereafter, suction is selectively 
applied and the pin-lifters 451 are raised to selectively lift 
one or more pins out of the printhead as shoWn in FIG. 4H. 
FIG. 4I shoWs a printing in Which the pin-lifters 450 prevent 
the pins in one roW of the printhead from contacting the 
substrate 101. Normally, suction Would be applied to all of 
the suction tubes 452 and the control valves 453 determine 
Whether the suction Will be applied to any particular pin 
head. It Will be appreciated that pin-lifter 450 is represen 
tative of a variety of pin-lifters that can be constructed in 
accordance With the invention that use suction to lift pins out 
of a printhead. For example, other pin-lifters that use suction 
may not include a cap 451 for covering the pin head. It Will 
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further be appreciated that other types of mechanical pin 
lifters may be constructed according to the invention. For 
example, instead of suction, small grippers could be used to 
selectively raise pins out of the printhead. 

[0061] FIGS. 4J, 4K, and 4L illustrate yet another 
embodiment of a mechanical pin-lifter 460 constructed 
according to the invention. FIGS. 4J and 4K shoW top and 
side vieWs, respectively, of three pin-lifters 460 disposed 
over a 48 aperture printhead 110. FIG. 4L shoWs a printing 
during Which only 16 of the 48 pins mounted in the 
printhead contact the substrate 101 because tWo of the 
pin-lifters 460 have prevented 32 pins from contacting the 
substrate 101 (i.e., each of the tWo pin-lifters 460 prevented 
16 pins from contacting the substrate). 

[0062] Pin-lifter 460 includes a plate 461, a rod 462, and 
a plate-lifter 463. In the illustrated embodiment, each plate 
461 de?nes 16 apertures, and each plate 461 is disposed so 
that its 16 apertures are coaxially disposed over 16 corre 
sponding apertures in the printhead 110. The apertures in the 
plate 461 are siZed similarly to the apertures in the printhead 
110 (i.e., the diameter of an aperture in the plate 461 is 
slightly larger than the outer diameter of a needle 106 and is 
smaller than the outer diameter of a pin head 104). The 
plates are disposed betWeen the upper surface of the print 
head 110 and the loWer surface of the pin heads. The pin 
head 104 of each pin mounted in printhead 110 rests on one 
of the plates 461, and the needle 106 of each pin extends 
through tWo coaxial apertures de?ned by the plate and the 
printhead. 

[0063] One end of rod 462 is attached to the center of plate 
461 and the other end of rod 462 is attached to plate-lifter 
463. Plate-lifter 463, Which can be implemented for example 
using a solenoid or pneumatic actuator, can raise and loWer 
the rod 462 Which in turn raises or loWers plate 461 betWeen 
a resting position and a lifted position. In the resting 
position, the plate 461 rests on the upper surface of printhead 
110. FIG. 4K shoWs all three plates 461 disposed in the 
resting position. In the lifted position, the plate 461 is 
disposed above the printhead 110 and all pins mounted in the 
plate (i.e., all pins With needles that extend through an 
aperture of the plate) are corresponding lifted partially out of 
the printhead. FIG. 4L shoWs (1) the plate of the center 
pin-lifter 460 in the resting position and (2) the plates of the 
tWo pin-lifters 460 at the left and right ends of the printhead 
110 in the lifted position. Each pin-lifter 460 can (1) prevent 
all pins mounted in its plate from contacting the substrate 
during a printing by placing its plate in the lifted position or 
(2) alloW all pins mounted in its plate to contact the substrate 
during a printing by placing its plate in the resting position. 

[0064] Plate 461 may be fabricated, for example, from 
metal or plastic material, such as nylon or acetal. It Will be 
appreciated that plates of pin-lifter 460 can be con?gured to 
hold different numbers of pins. Normally the plates Would be 
disposed so that every aperture in the printhead is coaxially 
disposed beneath an aperture de?ned by one of the plates. In 
this fashion, one or more pin-lifters 460 may be used to 
control the position of every pin in the printhead. 

[0065] Although pin-lifter 460 is shoWn as including a rod 
462 that connects the plate-lifter 463 to the plate 461, it Will 
be appreciated that numerous mechanical arrangements 
could be used other than rod 462 for mechanically coupling 
the plate 461 to the plate-lifter 463. Also, plate-lifter 463 
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could be implemented using a variety of actuators. One 
advantage of pin-lifter 460 is that plate lifter 463 can lift pins 
more ef?ciently than direct electromagnetic pin-lifters that 
lift a pin across an air gap (e.g., pin-lifter 420). For example, 
When plate-lifter 463 is implemented as a solenoid, less 
current is required to lift plate 461 and all pins mounted 
therein than Would normally be required by pin-lifter 420 
(FIG. 4B) for attracting a single pin across the air gap. 

[0066] As discussed above in connection With the electro 
magnetic pin-lifters 420 (FIG. 4A), 430 (FIG. 4E), 440 
(FIG. 4F), application of electric current to the coil of a 
pin-lifter lifts one or more pins out of the printhead. Cor 
respondingly, cessation of the electric current releases the 
previously lifted pins and alloWs them to fall back into a 
printing position Within the printhead. Similarly, cessation of 
suction or mechanical gripping force Will alloW pins lifted 
by a mechanical pin-lifter (e.g., pin-lifter 450) to drop back 
into a printing position Within the printhead. Since dropping 
a pin into the printhead may cause some of the liquid target 
material to leak out of the pin, it may be advantageous to 
reduce the impact caused When a pin-lifter releases a pin and 
alloWs that pin to drop back into the printhead. 

[0067] One method according to the invention for reduc 
ing this impact is to provide a resilient material betWeen the 
upper metallic surface of the printhead and the bottom of the 
pin heads (Which normally rest of the printhead’s upper 
surface). When no resilient material is so positioned, drop 
ping a pin into an aperture of a printhead causes the metallic 
pin head to fall onto, and be stopped by, the upper metallic 
surface of the printhead. This metal-to-metal collision (i.e., 
the collision of the pin head With the upper surface of the 
printhead), causes the pin to experience a relatively sudden 
deceleration and may result in some of the liquid target 
material leaking out of the pin. HoWever, if a pin is dropped 
into an aperture of a printhead While a resilient material is 
disposed betWeen the upper surface of the printhead and the 
pin head, then the metallic pin head Will fall onto the 
resilient material instead of the metallic upper surface of the 
printhead. The presence of the resilient material thereby (1) 
avoids the metal-to-metal collision; (2) reduces the decel 
eration experienced by the pin; and (3) may reduce the 
amount of liquid target material that leaks out of the pin as 
a result of being dropped into an aperture of a printhead. 

[0068] FIG. 5A shoWs a printhead 510 constructed 
according to the invention so as to position a resilient or soft 
material betWeen the upper metallic surface of a printhead 
and the pin heads. Printhead 510 includes a sheet of resilient 
material (e.g., rubber) 512 disposed over a prior art print 
head 110. Sheet 512 de?nes a plurality of apertures corre 
sponding to the apertures in printhead 110 and is disposed so 
that the apertures of sheet 512 are coaxial With the apertures 
of printhead 110. If a pin is dropped into one of the apertures 
of printhead 510, the pin head Will contact the resilient sheet 
512 rather than the upper metallic surface of printhead 110 
and thereby experience a reduced deceleration. 

[0069] Another method of positioning a resilient material 
betWeen the pin head and the upper metallic surface of the 
printhead is to position a spring (e.g., a coil spring or an 
annular disk of resilient material) around the needle of the 
pin. FIG. 5B shoWs such a spring 514 positioned around the 
needle 106 betWeen the pin head 104 and the upper metallic 
surface of a printhead. If the pin 102 is dropped into an 
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aperture of printhead 110 When the spring 514 is positioned 
as shown in FIG. 5B, the spring 514 Will cushion the fall of 
pin 102, or reduce the deceleration experienced by the pin. 

[0070] Another method of reducing the amount of liquid 
target material that leaks out of a pin When the pin is released 
by a pin-lifter, is to loWer the pin lifter prior to releasing the 
pin. For example, pin-lifter 420 (FIG. 4A) could be loWered 
to place the bottom of the pin head into, or nearly into, 
contact With the upper surface of the printhead before the 
pin-lifter releases the pin. One advantage of pin-lifter 460 
(FIG. 4]) is that it can loWer the plate 461 sloWly and 
thereby avoid suddenly decelerating the pins rnounted 
therein. Also, the plate 461 can be fabricated from a resilient 
material so as to reduce the deceleration experienced by pins 
When they are loWered by the pin-lifter 460. 

[0071] Some advantageous methods of using pin-lifters 
according to the invention Will noW be described. Pin-lifters 
constructed according to the invention are useful for, among 
other things, increasing the rate of production of compact 
rnicroarrays. FIGS. 6A, 6B, 6C, and 6D illustrate one 
method of using pin-lifters according to the invention to 
increase the rate of production of a compact rnicroarray. 
FIG. 6A illustrates the location of a 32 pin printhead relative 
to an active area 610 of a rnicroarray during a single printing. 
Active area 610 is the area Within Which all spots of the 
rnicroarray are to be deposited. In FIG. 6A, each of the 32 
open circles represents the location of a pin that is held by 
a 32 pin printhead. The 16 circles draWn With solid lines 
represent pins that are alloWed to contact the rnicroarray’s 
substrate during this printing, and the 16 circles draWn With 
dashed lines represent pins that have been lifted by one or 
more pin-lifters constructed according to the invention and 
thereby prevented from contacting the rnicroarray’s sub 
strate during the printing. So although 32 pins are mounted 
in the printhead, the printing illustrated in FIG. 6A results 
in only 16 spots being deposited onto the rnicroarray, and the 
action of the pin-lifter prevents all pins that are not disposed 
over the active area 610 from contacting the substrate. 

[0072] FIG. 6B illustrates the location of the 32 pin 
printhead relative to the active area 610 during another 
printing. In FIG. 6B, (1) the solid black circles represent 
spots that Were deposited during the printing illustrated in 
FIG. 6A, (2) the open circles draWn With solid lines repre 
sent pins that are alloWed to contact the rnicroarray’s sub 
strate during the printing, and (3) the open circles draWn 
With dashed lines represent pins that have been lifted by one 
or more pin-lifters constructed according to the invention 
and thereby prevented from contacting the rnicroarray’s 
substrate during the printing. The pins that Were not used 
(i.e., the pins that Were lifted by the pin-lifter and thereby not 
alloWed to contact the rnicroarray’s substrate) during the 
printing illustrated in FIG. 6A are used (i.e., they are 
alloWed to contact the substrate) during the printing illus 
trated in FIG. 6B. Similarly, the pins that Were used during 
the printing illustrated in FIG. 6A are not used during the 
printing illustrated in FIG. 6B. 

[0073] FIG. 6C illustrates the location of the 32 pin 
printhead relative to the active area 610 during yet another 
printing. In FIG. 6C, (1) the solid black circles represent 
spots that Were deposited during the printings illustrated in 
FIGS. 6A and 6B, (2) the open circles draWn With solid 
lines represent pins that are alloWed to contact the rnicroar 
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ray’s substrate during the printing, and (3) the open circles 
draWn With dashed lines represent pins that have been lifted 
by one or more pin-lifters constructed according to the 
invention and thereby prevented from contacting the 
rnicroarray’s substrate during the printing. FIG. 6D illus 
trates the location of the 32 pin printhead relative to the 
active area 610 during still another printing. In FIG. 6D, (1) 
the solid black circles represent spots that Were deposited 
during the printings illustrated in FIGS. 6A, 6B, and 6C, (2) 
the open circles draWn With solid lines represent pins that are 
alloWed to contact the rnicroarray’s substrate during the 
printing, and (3) the open circles draWn With dashed lines 
represent pins that have been lifted by one or more pin-lifters 
constructed according to the invention and thereby pre 
vented frorn contacting the rnicroarray’s substrate during the 
printing. The active area 610 may be ?lled in With all desired 
spots by performing a series of printings and by using the 
pin-lifter during each printing to prevent all pins that are not 
disposed over the active area from contacting the rnicroar 
ray’s substrate. 
[0074] Use of a pin-lifter constructed according to the 
invention does not reduce the number of printings required 
to fabricate any given rnicroarray. HoWever, use of a pin 
lifter constructed according to the invention increases the 
rate of production of compact rnicroarrays because it 
reduces the required number of Washing, drying, and re 
dipping steps, as Well as the long robotic actuator traverses 
associated With the Washing, drying, and re-dipping steps. 
For example, in the method illustrated in FIGS. 6A-6D, 
although 32 pins are mounted in the printhead, only 16 of the 
pins are alloWed to contact the rnicroarray’s substrate during 
any given printing. Therefore, a printhead carrying only 16 
pins could produce an identical rnicroarray using the same 
number of printings (i.e., assuming all 16 pins are alloWed 
to contact the rnicroarray’s substrate during each printing). 
HoWever, if only 16 pins were mounted in the printhead (and 
all 16 pins Were used during every printing), those pins 
Would exhaust their supply of target material tWice as 
quickly as the 32 pins used as described in connection With 
FIGS. 6A-6D. Therefore, if only 16 pins Were used, those 
pins Would have to be Washed, dried, and re-dipped into the 
reservoir of target material tWice as often. Since Washing 
and drying steps are relatively time consuming as compared 
With other steps in rnicroarray fabrication, decreasing the 
number of required Washing and drying steps signi?cantly 
increases the rate of production. 

[0075] FIGS. 7A, 7B, and 7C shoW another example of 
using a pin-lifter according to the invention to increase the 
rate of production of compact rnicroarrays. FIGS. 7A, 7B, 
and 7C shoW a rnicroarray 700 that is being constructed 
according to the invention. It is desired to place all the spots 
of target material of rnicroarray 700 Within a relatively 
small, cornpact, active area 710 located near the center of 
substrate 101. The three squares 720, 722, 724 shoWn in 
FIGS. 7A, 7B, and 7C represent the footprint of the print 
head that is used to fabricate rnicroarray 700. As shoWn, the 
printhead’s footprint is signi?cantly larger than the active 
area 710. Accordingly, use of prior art rnanufacturing tech 
niques Would require that the printhead be less than fully 
populated With pins during the fabrication of rnicroarray 
700. HoWever, use of a pin-lifter constructed according to 
the invention alloWs the printhead to be fully populated 
during fabrication of rnicroarray 700. FIGS. 7A, 7B, and 7C 
illustrate the location of the printhead during three separate 
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printings. During each of the printings, a pin-lifter con 
structed according to the invention (1) prevents all pins that 
are not disposed over the active area 720 from contacting the 
substrate 101 and (2) allows pins that are disposed over the 
active area 720 to contact the substrate and thereby form 
spots of the microarray 700. For example, during the print 
ing illustrated in FIG. 7B, the pin-lifter permits the pins 
located within portion 722 of the printhead’s footprint to 
contact the substrate 101 and the pin-lifter prevents the pins 
located within the portions 720 and 724 of the footprint from 
contacting the substrate. 

[0076] As described above, one advantageous use of pin 
lifters constructed according to the invention is for increas 
ing the rate of production of compact microarrays. However, 
it will be appreciated that pin-lifters constructed according 
to the invention have other uses as well. For example, in the 
prior art, 96-well plates could only be used with either (1) a 
9.0 mm center spaced printhead or (2) a 4.5 mm center 
spaced printhead in which only one out of every four 
apertures carried a pin (i.e., three out of every four apertures 
had to be empty) and in which all adjacent mounted pins 
were spaced apart from one another by 9.0 mm. If a fully 
populated 4.5 mm center spaced printhead were dipped into 
a 96-well plate, some of the pins would be damaged. 
However, pin-lifters constructed according to the invention 
provide a convenient way to facilitate use of fully populated 
4.5 mm center-spaced printheads with either 96-well or 
384-well plates. When it is desired to use a 384-well plate, 
the pin-lifters can remain inactive allowing all pins to rest in 
the printhead. However, when it is desired to use a 96-well 
plate, the pin-lifters can raise three out of every four pins 
partially out of the printhead so that all adjacent pins resting 
in the printhead are spaced apart from one another by 9.0 
mm. In this fashion, pin-lifters constructed according to the 
invention can be advantageously used to effectively convert 
a 4.5 mm center-spaced printhead into a 9.0 mm center 
spaced printhead without requiring manual removal of any 
pins. More generally, spotting instruments constructed 
according to the invention can operate in both high density 
and low density modes, and can easily toggle back and forth 
between the two modes as desired. In the low density mode, 
pin-lifters are used to lift selected pins out of the printhead, 
and in the high density mode, the pin-lifters can remain 
inactive. When it is desired to use a pin-lifter to prevent a pin 
from being dipped into a reservoir while some other pin is 
being dipped, it may be necessary to lift the pin further out 
of the printhead than is typically required to prevent a pin 
from printing (e.g., it may be advantageous for the pin lifter 
to be able to lift pins by about 5 millimeters out of the 
printhead). It will further be appreciated that in addition to 
the above-described high and low density modes, it may be 
advantageous to prevent arbitrary subsets of pins from being 
dipped into a reservoir while other pins in the printhead are 
being dipped into a reservoir. 

[0077] Another advantage of pin-lifters constructed 
according to the invention is that they provide a high degree 
of ?exibility when fabricating microarrays. For eXample, 
whenever two or more pins mounted in a printhead are 
simultaneously used to print spots on a microarray, the spots 
from those pins will be spaced apart by a distance that is 
determined by the con?guration of the printhead. However, 
pin-lifters can be used to traverse this limitation caused by 
the geometry of the printhead. For example, pin-lifters can 
be used to prevent all but a single selected pin from 
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contacting the substrate during any printing. This allows 
spots from any pin to be placed at any arbitrary desired 
location on the substrate. This may be useful for eXample for 
producing microarrays in which each group of spots corre 
sponds to the location of the well from which the target 
material for those spots was drawn. For example, it may be 
desirable to use a 96-well plate to produce a microarray 
having 96 groups of spots, with each group corresponding to 
one of the wells (i.e., all the spots in each group are made 
by liquid target material drawn from a corresponding one of 
the wells). In the prior art, if such a microarray were made 
using a fully populated 96 aperture printhead, each group of 
spots could be no larger than the space between adjacent 
pins, and this may have imposed an undesirable upper limit 
on the number of spots in each group. However, if pin-lifters 
are used to prevent all but one pin from contacting the 
substrate during every printing, then the only limit on the 
siZe of (or the number of spots within) each group of such 
a microarray is determined by the siZe of the substrate and 
no limit is imposed by the spacing between apertures of the 
printhead. 
[0078] If a pin-lifter is actuated but fails to lift its corre 
sponding pin out of the printhead, the microarray being 
produced may be adversely affected. For eXample, one or 
more spots of target material may be deposited at undesired 
or unknown locations on the microarray substrate. Other 
deleterious effects, such as causing damage to pins, may also 
result. Similar problems can occur if a pin-lifter prematurely 
drops a pin back into the printhead. Accordingly, it may be 
advantageous to provide pin-lifters constructed according to 
the invention with a feedback mechanism for detecting 
whether the pin-lifter has actually lifted a pin. 

[0079] FIGS. 8A and 8B illustrate a pin-lifter-sensor 820 
constructed according to the invention. Like pin-lifter 420 
(FIG. 4A), pin-lifter-sensor 820 includes a core 821 of 
ferromagnetic material and a coil 822 of wire. Coil 822 is a 
continuous coil of wire. An upper portion 823 of the coil 822 
is wound around the core 821 and a lower portion 824 of the 
coil 822 eXtends below the core 821. As shown in FIG. 8A, 
when the pin-lifter-sensor 820 is inactive and the pin below 
it is resting in the printhead, then the lower portion 824 is 
?lled with air (i.e., as in an air ?lled inductor). However, 
when the pin-lifter-sensor 820 is actuated and thereby 
attracts the pin below it across the air gap and brings the pin 
head into contact with the bottom of core 821, then the lower 
portion 824 is effectively wrapped around the metallic pin 
head, or is ?lled with metal (i.e., as in an iron core inductor). 
The presence or absence of a pin head within the lower 
portion 824 signi?cantly affects the inductance of coil 822. 
That is, when the pin is in contact with core 821 so that the 
lower portion 824 is ?lled with the metallic pin head (as 
shown in FIG. 8B), the inductance of winding 822 is 
signi?cantly higher than when the pin head is resting in the 
printhead and the lower portion 824 is air ?lled. This change 
in inductance permits pin-lifter-sensor 820 to act as a sensor 
for determining whether a pin has been lifted. 

[0080] Spotting instruments constructed according to the 
invention may monitor the inductance of the pin-lifter 
sensors to determine whether selected pins have actually 
been lifted out of the printhead. If at any time it is detected 
that a pin that should be lifted has not in fact been lifted, or 
has fallen back into the printhead, the appropriate pin-lifter 
sensor may be reactivated prior to proceeding with fabrica 
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tion of the microarray. If presence of a lifted pin is not 
detected even after reactivation of the pin-lifter-sensor, it is 
possible that the pin-lifter-sensor is inoperative and needs to 
be repaired. Alternatively, it is possible that no pin has been 
mounted in the appropriate aperture of the printhead and a 
pin should be added before proceeding With fabrication of 
the microarray. 

[0081] Co-pending US. patent application Ser. No. 
, entitled METHOD AND APPARATUS FOR PIN 

DETECTION IN MICROARRAY SPOTTING INSTRU 
MENTS (Attorney Docket No. GSI-001), describes several 
sensors that may be used to detect the presence of pins 
Within a printhead. Spotting instruments constructed accord 
ing to the invention may use those sensors in conjunction 
With the pin-lifters or pin-lifter-sensors of the present inven 
tion to facilitate production of microarrays. For example, if 
the sensors detect that no pin is mounted Within a particular 
aperture of the printhead, then the spotting instrument Will 
knoW that the pin-lifter for that aperture need not be acti 
vated. Such sensors could also be used to detect Which, if 
any, pins are mounted Within the group of apertures con 
trolled by a pin-lifter 460 (FIG. 4L). 

[0082] FIG. 9 shoWs a block diagram of a spotting instru 
ment 900 constructed according to the invention. Spotting 
instrument 900 includes a processor 910, a position control 
ler 912, a printhead 914, one or more pin-lifters or pin-lifter 
sensors 916, a base 918 for holding one or more microarray 
substrates, and a base 920 for holding one or more reservoirs 
of liquid target material (e.g., a 96-well plate). Although not 
illustrated, it Will be appreciated that spotting instrument 
900 additionally includes a pin Washer and a dryer. The 
position controller 912 (e.g., one or more robotic manipu 
lators) moves the printhead 914 and pin-lifters 916 to 
locations selected by the processor 910. Normally, the 
printhead 914 and pin-lifters 916 are moved together, hoW 
ever, it is also desirable to provide independent control over 
movement of the printhead 914 and the pin-lifters 916. For 
eXample, it may be desirable to be able to move the 
pin-lifters 916 to a position that is removed from printhead 
914 to facilitate loading pins into the printhead and to 
thereafter move the pin-lifters 916 over the printhead 914 to 
a position Where they can selectively lift pins out of the 
printhead. Processor 910 controls the pin-lifters 916 during 
fabrication of microarrays to selectively prevent pins in the 
printhead from contacting the substrate during selected 
printings. Although not shoWn, the instrument 900 may also 
include pin sensors of the type described in the above 
referenced US. patent application Ser. No. (Attor 
ney Docket No. GSI-001). Such sensors Would also be 
coupled to processor 910. 

[0083] Since certain changes may be made in the above 
apparatus Without departing from the scope of the invention 
herein involved, it is intended that all matter contained in the 
above description or shoWn in the accompanying draWing 
shall be interpreted in an illustrative and not a limiting sense. 
By Way of eXample, spotting instruments have been dis 
cussed above that use the folloWing method to selectively 
prevent some pins from contacting the substrate during a 
printing: (1) position the printhead over a substrate; (2) use 
one or more pin lifters to lift some of the pins partially out 
of the printhead; and (3) loWer the printhead thereby alloW 
ing the pins that have not been lifted to contact the substrate. 
HoWever, other methods of using pin lifters to prevent some 
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pins from contacting the substrate are embraced by the 
invention. For eXample, as one alternative, pin lifters could 
be used to lift all pins partially out of a printhead, the 
printhead could then be positioned over a substrate close 
enough to the substrate so that any pins released by the pin 
lifters Would contact the substrate, and then the pin lifters 
could release a selected set of pins and thereby alloW those 
released pins to contact the substrate. Thereafter, the pin 
lifters could lift (or re-lift) all the released pins and then the 
printhead could be moved to a neW location. It Will be 
appreciated that other variations on the disclosed embodi 
ments and methods are also embraced by the invention. 

1. A method of producing a compact microarray using a 
printhead having a plurality of pins, comprising: 

loading said pins With material to be deposited on a 
substrate; 

selectively depositing material in a predetermined active 
area of said substrate using a subset of tWo or more of 
said pins in said printhead; 

selectively depositing material in said predetermined 
active area of said substrate using another subset of tWo 
or more of said pins in said printhead; 

Wherein said printhead has a footprint, de?ned by the 
periphery of the pins in the printhead, that is larger than 
said predetermined active area of said substrate. 

2. The method of claim 1 Wherein loading said pins With 
material comprises dipping said pins in one or more Wells of 
liquid material. 

3. The method of claim 1 Wherein selectively depositing 
material in a predetermined active area of said substrate 
using a subset of said pins in said printhead comprises 
bringing tips of said subset of said pins in contact With the 
active area of the substrate While inhibiting contact betWeen 
said substrate and tips of other pins in the printhead. 

4. The method of claim 1 Wherein selectively depositing 
material in a predetermined active area of said substrate 
using a subset of said pins in said printhead comprises 
moving the printhead to a ?rst location over the substrate so 
that said subset of the pins is disposed over said active area 
of the substrate and said another subset of said pins is not 
disposed over the active area; and loWering the printhead 
and alloWing said subset of pins to contact the substrate 
While inhibiting said another subset of pins from contacting 
the substrate. 

5. The method of claim 4 Wherein inhibiting said another 
subset of said pins from contacting the substrate comprises 
lifting said another subset of pins relative to the printhead. 

6. The method of claim 5 Wherein lifting said another 
subset of pins comprises raising said pins using electromag 
netic force. 

7. The method of claim 6 Wherein using electromagnetic 
force comprises using electromagnetic force to attract said 
pins across a gap betWeen said pins and one or more 
electromagnets. 

8. The method of claim 5 Wherein lifting said another 
subset of pins comprises raising said pins using suction. 

9. The method of claim 5 Wherein lifting said another 
subset of pins comprises raising said pins using a mechani 
cal lifter. 

10. The method of claim 5 Wherein lifting said another 
subset of pins comprises raising said pins using a pneumatic 
actuator. 
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11. The method of claim 5 wherein lifting said another 
subset of pins comprises lifting a support on Which said 
another subset of pins can rest. 

12. The method of claim 1 Wherein said subset of pins or 
said another subset of pins comprises a roW of pins. 

13. The method of claim 1 Wherein said subset of pins or 
said another subset of pins comprises a generally rectangular 
array of pins. 

14. An apparatus for producing a compact microarray, 
comprising: 

a printhead having a plurality of pins movably mounted 
therein, said pins being arranged in subsets of tWo or 
more pins; and 

a plurality of pin lifting mechanisms, each associated With 
a different one of said subsets for lifting the pins of the 
subset together relative to the printhead. 

15. The apparatus of claim 14 Wherein said printhead 
comprises a member having a plurality of through holes 
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extending therethrough, and Wherein each pin is slidingly 
mounted in one of said through holes. 

16. The apparatus of claim 14 Wherein said pin lifting 
mechanisms each include an electromagnet. 

17. The apparatus of claim 14 Wherein said pin lifting 
mechanisms each include a pneumatic actuator. 

18. The apparatus of claim 14 Wherein said pin lifting 
mechanisms each include a support for supporting pins and 
an actuator for lifting said support. 

19. The apparatus of claim 14 Wherein said pin lifting 
mechanisms each raise pins using suction. 

20. The apparatus of claim 14 Wherein a subset comprises 
a roW of pins. 

21. The apparatus of claim 14 Wherein a subset comprises 
a generally rectangular array of pins. 


