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Description

[0001] The United States Government has rights in this
invention pursuant to Contract No. W-7405-ENG-48 be-
tween the United States Department of Energy and the
University of California for the operation of Lawrence
Livermore National Laboratory.

CROSS-REFERENCE TO RELATED APPLICATIONS

[0002] This application claims the benefit of U.S. Pro-
visional Application No. 60/174,416 filed 01/04/2000, en-
titled "Handheld PCR instrument," which is incorporated
herein by this reference.

BACKGROUND OF THE INVENTION

Field of the Invention

[0003] The presentinvention relates to instruments for
chemical reaction, amplification, and detection, and in
particular, to a system for doing polymerase chain reac-
tion, amplification, and detection.

State of Technology

[0004] U. S. Patent No. 5,589,136 for silicon-based
sleeve devices for chemical reactions, by Northrup et al,
patented December 31,1996, provides the following de-
scription: "A silicon-based sleeve type chemical reaction
chamber that combines heaters, such as doped polysil-
icon for heating, and bulk silicon for convection cooling.
The reaction chamber combines a critical ratio of silicon
and silicon nitride to the volume of material to be heated
(e.g., aliquid) in order to provide uniform heating, yet low
power requirements. The reaction chamber will also al-
low the introduction of a secondary tube (e.g., plastic)
into the reaction sleeve that contains the reaction mixture
thereby alleviating any potential materials incompatibility
issues. The reaction chamber may be utilized in any
chemical reaction system for synthesis or processing of
organic, inorganic, or biochemical reactions, such as the
polymerase chain reaction (PCR) and/or other DNA re-
actions, such as the ligase chain reaction, which are ex-
amples of a synthetic, thermal-cycling-based reaction.
The reaction chamber may also be used in synthesis
instruments, particularly those for DNA amplification and
synthesis."

[0005] A papertitled "Handheld advanced Nucleic Acid
Analyzer" was presented by W. J. Benett, J. B. Richards,
P. Stratton, D. R. Hadley, B. H. Bodtker, S. L. Nasarabadi,
F. P. Milanovich, R. P. Mariella, R. P. Koopman, and P.
Belgrader at the Society of Photo-Optical Instrumenta-
tion Engineers Symposium on Environmental and Indus-
trial Sensing, Boston, MA, November 5-8, 2000. This pa-
per is incorporated herein by reference.

[0006] A paper titled "Miniaturized detection system
for handheld PCR assays" was presented by J. B. Rich-
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ards, W. J. Benett, P. Stratton, D. R. Hadley, S. L. Na-
sarabadi, and F. P. Milanovich, at the Society of Photo-
Optical Instrumentation Engineers Symposium on Envi-
ronmental and Industrial Sensing, Boston, MA, Novem-
ber 5-8, 2000. This paper is incorporated herein by ref-
erence.

SUMMARY OF THE INVENTION

[0007] The present invention provides a polymerase
chain reaction DNA amplification and detection system.
An embodiment of the system includes one or more sam-
ple chamber modules adapted to contain biological sam-
ple volumes. Each of the sample chamber modules has
the ability to support a duplex assay and has parallel
interrogation ports operatively connected to the chamber
modules. Each of the ports has an optical fluorescence
detection system. Additional aspects, advantages, and
features of the invention are set forth in part in the fol-
lowing description. Various aspects, advantages, and
features of the invention will become apparent to those
skilled in the art upon examination of the description and
by practice of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The accompanying drawings, which are incor-
porated into and form a part of the disclosure, illustrate
embodiments of the invention, and, together with the de-
scription, serve to explain the principles of the invention.

FIG. 1 illustrates an embodiment of the present in-
vention.

FIG. 2is anisometric view of a micromachined silicon
PCR heater chamber.

FIG. 3 is cross-sectional view showing air cooling of
the PCR heater chamber.

FIG. 4 shows a standard assay configuration for the
HANAA with the upper channel used for a positive
internal control.

FIG. 5 shows a HANAA chamber module with the
filter holders removed.

FIG. 6 is a sketch showing HANAA optical paths.
FIG. 7 is a graphical depiction of positive calling al-
gorithm used in the HANAA.

DETAILED DESCRIPTION OF THE INVENTION

[0009] The detailed description of the various embod-
iments, together with the general description of the in-
vention, serves to explain the principles of the invention.
One embodiment of the invention provides a polymerase
chain reaction DNA amplification and detection system
having a main body and one or more sample chamber
modules adapted to contain biological sample volumes.
Each of the sample chamber modules has the ability to
support a duplex assay. Parallel interrogation ports are
operatively connected to the sample chamber modules.
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Another embodiment of the polymerase chain reaction
DNA amplification and detection includes a linear detec-
tion system operatively connected to individual interro-
gation ports. Sample chamber modules have multiple in-
terrogation ports that interrogate distinct regions within
the sample volume. Each parallel interrogation port has
its own optical

[0010] In particular, in afirst aspect, the present inven-
tion provides a polymerase chain reaction DNA amplifi-
cation and detection system comprising a main body with
one or more sample chamber modules associated there-
with and adapted to contain biological sample volumes,
said main body and said one or more sample chamber
modules capable of being handheld, each of said sample
chamber modules having the ability to support a duplex
assay, and parallel interrogation ports operatively con-
nected to said sample chamber modules.

[0011] The invention of the first aspect may further in-
clude a linear detection system operatively connected to
each of said interrogation ports.

[0012] The invention of the first aspect may further in-
clude a linear detection systems operatively connected
to said interrogation ports, wherein said linear detection
systems are positioned substantially parallel to each oth-
er.

[0013] Inthe invention of the first aspect, one or more
sample chamber modules may be removably connected
to said main body. The main body may be less than about
12 inches long, or 10 inches or less long, and it may be
less than about 6 inches wide, or about 4 inches or less
wide, and it may be less than about 4 inches deep, or 2
inches or less deep. The main, body and said one or
more sample chamber modules may weigh less than
about 5 pounds, or about 2 pounds or less. The main
body and said one or more sample chamber modules
may be battery operated.

[0014] In the invention of the first aspect, each of said
interrogation ports may have a unique optical fluores-
cence detection system.

[0015] In the invention of the first aspect, each of said
parallel interrogation ports has its own optical fluores-
cence detection system.

[0016] In the invention of the first aspect, each of said
sample chamber modules may have multiple ports which
interrogate distinct regions within said sample volume
using its own optical fluorescence detection system.
[0017] The invention of the first aspect may further in-
clude a sleeve reaction chamber having a plurality of
grooves in the sleeve for reducing thermal mass and in-
creasing surface area of the sleeve, wherein said plurality
of grooves may include atleast one longitudinally extend-
ing groove and at least one radially extending groove,
and at least one radially extending groove connected to
said longitudinally extending groove to form a passage-
way there-through. The plurality of grooves may further
include at least one longitudinally extending groove on
opposite sides of said sleeve, and at least one radially
extending groove connected to each of said longitudinally
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extending grooves to form passageways there-through.
Two longitudinally extending grooves may be located on
opposite sides of said sleeve, and said plurality of con-
necting radially extending grooves may be located along
opposite end sections of said sleeve. Each of said
grooves may be of a V-shaped configuration. The sleeve
may be constructed of silicon, and may further be com-
posed of two sections that are bonded or clamped to-
gether and that may further be configured to define a
chamber to enclose an insert therebetween such that
said insert is in direct contract with at least a portion of
walls of said two sections defining the chamber.

[0018] The invention of the first aspect may further in-
clude an LED that directs light energy into each of said
parallel interrogation ports. Bandpass filters may be pro-
vided in each of said parallel interrogation ports.

[0019] The invention of the first aspect may further in-
clude a non-orthogonal fluorescence, highly compact op-
tical detection system.

[0020] The invention of the first aspect may further in-
clude an assay status user interface.

[0021] The invention of the first aspect may further in-
clude one or more master microprocessors and one or
more slave microcontrollers.

[0022] The invention of the first aspect may further in-
clude a positive calling algorithm for determining when a
biological agent was present in said sample volume.
[0023] The invention of the first aspect may further in-
clude a status display that indicates the viability of a par-
ticular assay, and may further include electronics located
in said main body and forced cooling ducts for efficiently
coupling external air through said sleeve reaction cham-
ber then out of said main body, thereby cooling said sam-
ple and said electronics simultaneously.

[0024] In a second aspect, the present invention pro-
vides a method of polymerase chain reaction DNA am-
plification and detection, comprising the steps of placing
a biological sample in a sample chamber module that
has the ability to support a duplex assay, said sample
chamber module being associated with a main body, said
main body and said one or more sample chamber mod-
ules capable of being handheld, and directing light ener-
gy into said biological sample through parallel interroga-
tion ports operatively connected to said sample chamber
module.

[0025] In the method of the second aspect, said light
energy may be directed into said biological sample
through a linear detection system. The method may in-
clude the further step of heating said sample using a heat-
ing unit in a silicon base, and cooling said sample.
[0026] The method of the second aspect may include
the further step of forcing cooling air through a sleeve
reaction chamber to cooling said biological sample. The
sample chamber module may include an individual sam-
ple chamber and the method may include the step of
temporarily overheating said sample chamber for the pur-
pose of having said biological sample achieve and hold
a desired temperature as rapidly as possible.



5 EP 1738 829 A1 6

[0027] The method of the second aspect may include
the further step of determining that an assay of said sam-
ple is positive based on the relationship between a mul-
tiplicity of signal increases and a per-cycle threshold val-
ue for said increases, and it may further include the step
of displaying in real-time the degree of certainty or of
reliability for each said assay.

fluorescence detection system. Another embodiment of
the system includes LEDs that direct light energy into the
parallel interrogation ports. Another embodiment of the
polymerase chain reaction DNA amplification and detec-
tion system includes a positive calling algorithm. In the
various embodiments of the system a sample is place in
at least one of a multiplicity of sample chamber modules.
The sample is heated using a heating unit in a silicon
base and the sample is cooled. Light energy is directed
into the sample through the parallel interrogation ports
and characteristics of the sample are detected.

Overview

[0028] The polymerase chain reaction (PCR) is widely
accepted as the gold standard for identification of biolog-
ical organisms. PCR is a biochemical method by which
the concentration of DNA segments in solution is in-
creased at an exponential rate over time. It is capable of
distinguishing between strains of organisms of the same
species. PCR typically requires a sample to be repeat-
edly cycled between temperatures near 95 °C and atem-
perature below 60 °C. Theoretically, the concentration of
the DNA segments doubles each cycle. The present in-
vention provides various embodiments of systems for do-
ing polymerase chain reaction (PCR) amplification and
detection. The systems are lightweight, compact, and
power efficient.

The Handheld Advanced Nucleic Acid Analyzer
(HANAA)

[0029] Referring now to the drawings, and in particular
to FIG. 1, an embodiment of the present invention is il-
lustrated. The system 10 is referred to as the "HANAA"
(Handheld Advanced Nucleic Acid Analyzer). The sys-
tem 10 is a four chamber, battery powered, handheld
instrument. The system 10 consists of two basic compo-
nent parts 11 and 12. One component is the main body
11 of which contains the electronics (including detectors),
batteries, and the operator interface. The second com-
ponent is the sample module 12. The sample module 12
slides into a docking system on the end of the main body
11. The instrument size is approximately 10 inches long
x 4 inches wide x 2 inches deep. Additional details of the
HANAA system 10 will be described subsequently.

[0030] The HANAA embodiment is designed to be
used at any desired location including use by military or
law enforcement personnel. It is also suited for use by
medical personnel in a clinic setting. Applications for the
HANAA include detection of any DNA or RNA based or-
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ganisms or samples from such organisms. Examples in-
clude pathology, forensics, detection of biological war-
fare agents, infectious disease diagnostics, genetic test-
ing, and environmental testing.

[0031] The HANAA embodiment of the present inven-
tion includes four chamber modules, 14A, 14B, 14C, and
14D which are thermally cycled simultaneously or inde-
pendently. This allows for positive and negative controls
and varying sample concentrations. Each of the four
chamber modules has the ability to support a duplex as-
say for two independent measurements on one sample.
The thermal cycler structure allows for two parallel inter-
rogation ports while retaining an extremely small me-
chanical profile. Each port has a unique, specialized op-
tical detection system that retains the compact planar
geometry of the chamber module. The output of the de-
tection system is analyzed by an algorithm that automat-
ically determines when a sample is positive while dis-
playing assay information in real time in a unique, versa-
tile format.

[0032] The HANAA includes sample modules, which
incorporate an advanced silicon thermal cycler. An ad-
vanced silicon thermal cycler is shown in U. S. Patent
No. 5,589,136, titled "Silicon-Based Sleeve Devices for
Chemical Reactions, patented December 31,1996 by
Northrup et al, assigned to the same assignee. The spec-
ification and drawings of U. S. Patent No. 5,589,136 are
incorporated herein by this reference. The HANAA ther-
mal cycler design has an anisotropically etched architec-
ture that reduces thermal mass and increases cooling
efficiency. This combined with a thin film heater/temper-
ature sensor enables extremely rapid and efficient ther-
mal cycling. The HANAA thermal cycler has two win-
dows, allowing for two independent optical paths for ex-
citation and detection while retaining an extremely small
mechanical profile. Each port has its own light emitting
diode -(LED) and an extremely simple and straightfor-
ward optical system, which lowers complexity, size and
cost while increasing reliability and performance.
[0033] The HANAA monitors the polymerase chain re-
action (PCR) process using a TagMan® based fluores-
cence assay with optical probes included in the sample
solution. The PCR procedure involves: 1) processing of
the sample to release target DNA molecules into a crude
extract; 2) addition of an aqueous solution containing en-
zymes, buffers, deoxyribonucleotide triphosphates
(dNTPS), and oligonucleotide primers; 3) thermal cycling
of the reaction mixture between two or three tempera-
tures (e.g.,90°-96°,72°,and 37°-55° C.); and 4) detection
of amplified DNA. Intermediate steps, such as purification
of the reaction products and the incorporation of surface-
bending primers, for example, may be incorporated in
the PCR procedure.

[0034] Real-time optical detection of the PCR concen-
tration is possible when optical probes are included in
the sample solution. The probes, for example, may be
TagMan® probes available from Applied Biosystems, a
business unit of PE Corporation, 761 Main Avenue, Nor-
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walk, Connecticut 06859-0001. These TagMan® probes
contain a dye molecule that is initially quenched by For-
ster energy transfer. During the replication process, an
enzyme (Taqg polymerase) chews apart the probe com-
plex. This separates the dye from the quencher, at which
point the reporter dye can emit its characteristic fluores-
cence. Real-time detection reduces assay time as a sam-
ple need not cycle to completion to detect a positive. Also,
follow-on processing steps such as gel electrophoresis
are not required. Real-time detection is provided without
sacrificing cycling speed or significantly increasing size
or power consumption. This embodiment of the present
invention provides a versatile hand held PCR thermal-
cycler with real time detection.

Controlling the HANAA Heater

[0035] As illustrated in Figures 2 and 3, the HANAA
heater and sleeve reaction chamber is generally indicat-
ed at 20. Sleeve-type reaction chambers are shown in
U.S. Patent No. 5,589,136 issued December 31,1996,
as well as copending U.S. Application Serial No.
09/200309, filed 11/25/98, entitled "An Improved PCR
Thermocycler," each assigned to the same assignee.
The disclosures of U.S. Patent No. 5,589,136 and co-
pending U.S. Patent Application Serial No. 09/200309,
filed 11/25/98 are incorporated herein by reference.
[0036] The HANAA heater and sleeve reaction cham-
ber 20 is composed of two silicon body members or sec-
tions 21 and 22. Each of the body members 21 and 22
have longitudinally extending cutaway 23 and 24 along
the entire length thereof which form a opening for an in-
sert 25 (also referred to as a reaction chamber 25) when
the body sections 21 and 22 are secured together. Lon-
gitudinally extending, spaced, V-shaped grooves 26 and
27 are formed in the external faces or sides of each of
the body sections 21 and 22. The V-shaped grooves 26
and 27 are formed on the inner surfaces of the outer sides
of body sections 21 and 22, as illustrated in FIGS. 1A
and 1B. The V-shaped longitudinally extending grooves
26 and 27 form air flow passageways 28 and 29 as indi-
cated by the arrows 30.

[0037] As the air flows through the passageways
formed by the interconnected grooves 26 and 27 that
form passageways 28 and 29, it removes heat from the
surfaces of chamber 25, thereby increasing the speed
and efficiency of the sleeve reactor chamber or PCR ther-
mal cycler 20. By reduction of the thermal mass of the
body sections 21 and 22 and the increase in the surface
areas thereof, improved thermal performance is provid-
ed.

[0038] The grooves 26 and 27 and passageways 28
and 29 are anisotropically etched into the silicon wafers
during the formation of the body sections or members 21
and 22. After etching the body members 21 and 22 to
form the cutaways 23 and 24, which define the reaction
chamber 25, and etching the body members to form the
longitudinal extending grooves 26 and 27 which form air
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flow passageways 28 and 29, the body members 21 and
22 are secured together, such as by bonding, gluing,
spring loading, etc.

[0039] A heater strip 31 provides the central heating
element. The heater strip 31 is constructed from platinum
and operates as a resistance heater. Because of plati-
num’s relatively high temperature coefficient of resist-
ance the heater 31 is also used as a temperature sensor.
This enables more accurate thermal control and greatly
simplifies the overall design.

[0040] Thermal profiles (temperature versus time) are
most efficient when the transition time between high and
low temperatures is minimized. This can be done by hav-
ing rapid heating and cooling rates. In addition, the "cor-
ners" of the profile, where the rapid rate stops and the
heater maintains a fixed (hold) setpoint temperature,
need to be as sharp as possible. The HANAA achieves
this by overheating the chamber during the heating cycle
(and overcooling during the cooling cycle). The heater
current is instantly dropped to the simmer level when the
liquid is very close to the desired hold temperature. With
a low mass chamber, there is virtually no overshoot of
temperature beyond when the current is reduced. This
leads to a very sharp knee when compared to conven-
tional methods, which either lower the heating rate as
the temperature nears the setpoint, overshoot the set-
point due to temperature oscillations or react so slowly
that such a method is not applicable in the first place.
[0041] Cooling the chamber requires blowers and a
ducting system that pull airin from outside the instrument,
circulate it as close to the heated surfaces as possible,
thenredirectit out of the chamber and back to the outside.
Air enters through two plenums at the top of the dividing
walls on either side of the module. It is directed through
apertures in the walls that line up with the array of cooling
ports on the chamber, then exits the chamber through
apertures in the walls, mid-way between the input aper-
tures. From that point, the air is pulled into the plenum
below the module, into the blowers, into the main body,
then out vents in the side of the main housing.

HANAA Assay Configuration

[0042] Each chamber uses two detection wave-
lengths. Given the long, narrow sample containers and
the versatility of silicon, the HANAA provides the option
of having two, physically separate windows 32 and 33
shown best in FIG. 4 through which to probe the sample.
This provides a major benefit in that it simplifies the sys-
tem by reducing it to two parallel, linear optical paths.
This eliminates the need for any beam splitters or dichroic
filters while drastically reducing the package size. FIG.
5 shows one of the sample modules 14A with filter holders
34 and 35 removed.

HANAA Optical System

[0043] The optical system is shown in FIG. 6, where
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the light travels from right to left along two parallel paths.
LEDs 36 and 37 meet the size, power consumption and
cost criteria for the HANAA. Standard 5 mm LED pack-
ages are used based on availability and relatively low
divergence angles. The blue LED 37 has a very low di-
vergence half angle of 10 degrees. Given the extremely
short optical path, the forgiving focusing requirement,
and the large aperture throughout the module, this diver-
gence works well. The green LED 36 is specified to be
15 degrees divergence, which is significantly more, but
still narrow enough for the HANAA system to preclude
the need for a collimating lens prior to the bandpass clean
up filter.

[0044] Bandpass filters 38 and 39 are needed in front
of the LEDs to filter out the long wavelength shoulders
of the LED spectra. These wavelengths directly overlay
the emission wavelengths and therefore must be highly
attenuated. Given the diverging optical beams from the
LEDs, lightimpinges on the filters over arange of angles,
resulting in a shift in transmission to lower wavelengths.
In general, all filters within the HANAA chamber modules
have been specified conservatively to allow for the effect
of this tilt factor. In particular, the emission filters have
band edges with a bit longer wavelength than normal to
allow for the transmission of shorter wavelengths incident
over ashallow cone of angles. The interference excitation
filter is backed up by absorbing glass to eliminate long
wavelength radiation beyond the emission band.
[0045] The window apertures 32 and 33 in the silicon
chambers are relatively large (1.4 by 1.4 mm). As such,
the focusing requirements of the LED lenses are minimal
and standard plano-convex lenses can be used. The ex-
cited volume for the sample inside each window is ap-
proximately one cubic millimeter.

[0046] Light exiting the heater chamber, both excita-
tion and emission, is collected by another plano-convex
lens, which essentially recollimates the light. Since all
emitted light occurs within approximately 0.5 mm of the
lens focal point, collection efficiency is extremely effi-
cient. The solid angle of collection is essentially the same
for the entire excited volume and the entire sampled vol-
ume is uniformly excited. Since there is no way to sepa-
rate the excitation light from the detection path without
significantly increasing the size of the sample module,
the emission filter must effectively reject the excitation
lightin order to make a reliable measurement. In practice,
the filters perform quite well. Any leakage from the exci-
tation source to the detector appears as a constant signal.
Signal increases due to increased PCR product appear
on top of any leakage. The result is that there is no de-
crease in signal-to-noise ratio due to leakage.

[0047] Mechanical measures are alsoemployedtolim-
it the angle of incidence on the emission filters. In the
region between the collimating lens and filter, there is a
4mm optical path with internal baffles. A fused deposition
modeling machine was used to form the baffling structure
outofblack ABS plastic. The optical channelis essentially
4mm in diameter with the sides being a series of 4 an-
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nular, sawtoothed grooves that trap divergent light to
keep it from deflecting off the wall and back onto the filter.
[0048] Standard silicon photodiodes are used for de-
tection, followed by a charge integration circuit. The in-
tegration time can be varied depending on the assay. In
the case of the HANAA, there are two separate excitation
sources interrogating two different volumes within the
sample at slightly different times. Since the HANAA’s
LED sources are separated in wavelength, the emission
bands can be separated further in wavelength than in a
single source instrument, resulting in less emission being
collected by the neighboring detector.

[0049] Ultimately, it is not just the wavelength separa-
tion between the sources but the temporal separation
that is the key to discriminating signals on the HANAA.
When the positive assay s LED is illuminated, the detec-
tor circuit for the negative assay is turned off. Thus, when
the negative assay is interrogated, its LED is far less
efficient at exciting the positive assays fluorophore. The
combination of inefficient excitation and inefficient col-
lection of emission enables the HANAA to discriminate
between assays without a compensation algorithm.

Positive Calling Algorithm

[0050] Assay discrimination actually takes place as
part of the positive calling algorithm that processes the
raw data from the optical detection system. The algorithm
is designed to preclude false positives while reliably call-
ing true positives. False positives from a simplex assay
could result from signal noise or linearly increasing sig-
nals. With a duplex assay, false positives can also occur
as a result of cross talk from the neighboring assay as
discussed above. The algorithm used on the HANAA is
a modified slope detection processor. It relies on the rate
of rise in signal level, not the absolute level. The latter
can be a function of the initial chemistry, system noise
or linear signal drift as opposed to an exponential in-
crease.

[0051] Allraw signals are essentially normalized to the
signal obtained after the tenth cycle. That is, the proc-
essed signal data always has a value of 1.0 at cycle ten.
Cycle ten is used to avoid any initial signal changes due
to effects such as incomplete mixing of the sample solu-
tion. ltis also early enough to avoid interfering with a true
positive. Before normalization, all raw signals are offset
by a value equal to the difference between 200 counts
and the number of counts recorded on cycle ten. This is
done to compensate for differences in background signal
from assay to assay or from chamber to chamber. It also
has the effect of diluting signals that are very weak.
[0052] Due to the normalization, a typical PCR run has
the processed signal hovering around 1.0 until the expo-
nential increase is observed, typically near or beyond
cycle 20, depending on concentration. To minimize the
risk of calling false positives, the positive calling algorithm
doesn’t start analyzing the data until cycle 12. At that
point, it starts comparing the increase in normalized sig-



11 EP 1738 829 A1 12

nal from the previous cycle to the current cycle. If the
increase exceeds a pre-defined threshold value
(typically .02), a hit is recorded for that cycle. If three out
of four consecutive cycles record hits, the assay is de-
claredto be positive and the user s alerted. The algorithm
is depicted graphically in FIG. 7,with a corresponding da-
ta analysis table shown in Table 1 below.

Table 1. Analytical depiction of algorithm. (A hit is
recorded when the signal increase is 0.02 or greater.)

Signal Increase Hits
1.000 0.004 0
1.002 0.002 0
0.999 -0.003 0
1.003 0.004 0
1.002 -0.001 0
1.001 -0.001 0
1.002 0.001 0
1.003 0.001 0
1.004 0.001 0
1.009 0.005 0
1.029 0.020 1
1.059 0.031 1
1.105 0.046 1
1.170 0.075 1
[0053] As mentioned earlier, the HANAA doesn’t dis-

play signal versus cycle during a run. (In part, this is due
to the fact that the monochrome display resolution is only
64 x 128 and up to 8 individual assays can be running
simultaneously.) Rather, the display is used to convey
information about the robustness of the assay and wheth-
er or not it is a positive. As such, the display shows a
simple bar chart for each of the 8 assays, where the level
of the bar corresponds to the number of hits that have
occurred in the last four cycles, from 0 to a maximum of
4. A miss is indicated by lowering the level slightly below
an integer value. Figure 8 shows all the available levels
depicted as a sequence. A poor assay would have the
bar going up and down during the run from 1 to slightly
below 1 to 0, with perhaps an occasional rise to just below
the 2 level. The 2 level would only be reached if there
were two consecutive hits. When 3 of 4 cycles have hits,
the bar becomes shaded and the instrument beeps (op-
tional) to indicate a positive. The maximum shaded level
is latched for the duration of the run. Standard positive
assays have the bar steadily rise from 1 to 2 to 3 (shaded)
to 4 (shaded). The 4 level is used as a further indication
of a good assay. If the bar never reaches level 4, then
the assay was weak and almost wasn'’t called positive.
If the assay is seen to be weak, the user should consider
decreasing the slope threshold.
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HANAA Electrorucs/Control System

[0054] The control system consists of one or more
master microprocessors, and one or more slave micro-
controllers. Both types of processor are programmable
while in the circuit, allowing for code expansion/modifi-
cation without opening the system case. The master
processor is an Intel 80386EX running DOS. It has 500k
of RAM a clock/calendar, six serial ports and a 2Mb Flash
disk. This processor provides the user interface, log data
to disk, allow editing of thermal profiles, run calibration
routines for the chambers and perform data analysis (re-
al-time detection of organisms).

[0055] The slave microcontrollers are 8 bit devices
compatible with the Intel 8051 series. Each controller has
32kRAM, and 32k EEPROM, two Pulse Width Modulated
outputs for driving the reaction chamber heaters, binary
I/O for controlling the cooling fan, LEDs, and control sig-
nals, analog inputs for measuring chamber temperature,
battery voltage and current and recording the DNA signal
from the PCR process.

Summary of Embodiments

[0056] Various embodiments of the invention are de-
scribed and structural details are shown by the drawings.
The detailed description of the various embodiments, to-
gether with the general description of the invention, serve
to explain the principles of the invention. One embodi-
ment provides a polymerase chain reaction DNA ampli-
fication and detection system having a main body and
one or more sample chamber modules adapted to con-
tain biological sample volumes. Each of the sample
chamber modules has the ability to support a duplex as-
say. Parallel interrogation ports are operatively connect-
ed to the sample chamber modules.

[0057] Another embodiment of the polymerase chain
reaction DNA amplification and detection includes a lin-
ear detection system operatively connected to each of
said interrogation ports. The linear detection systems are
positioned substantially parallel to each other. The sam-
ple chamber modules are removeably connected to the
main body. Another embodiment of the polymerase chain
reaction DNA amplification and detection system is ca-
pable of being handheld. The main body is about 10 inch-
es or less long, about 4 inches or less wide, about 2
inches or less deep, and weighs about 2 pounds or less.
Another embodiment of the polymerase chain reaction
DNA amplification and detection system is battery oper-
ated. Each of the sample chamber modules has multiple
ports which interrogate distinct regions within the sample
volume. Each of the parallel interrogation ports has its
own optical fluorescence detection system.

[0058] Another embodiment of the polymerase chain
reaction DNA amplification and detection system in-
cludes a sleeve reaction chamber having a plurality of
grooves in the sleeve for reducing thermal mass and in-
creasing surface area of the sleeve. The plurality of
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grooves include at least one longitudinally extending
groove, at least one radially extending groove, and at
least one radially extending groove connected to the lon-
gitudinally extending groove to form a passageway there-
through.

[0059] Another embodiment of the system includes a
LED which directs light energy into each of the parallel
interrogation ports and bandpass filters are located in
each of the parallel interrogation ports. Another embod-
iment of the polymerase chain reaction DNA amplification
and detection system includes a positive calling algo-
rithm, an assay status user interface, one or more master
microprocessors, and one or more slave microcontrol-
lers.

[0060] In the various embodiments of the system a
sample is place in at least one of a multiplicity of sample
chamber modules. The sample is heated using a heating
unit in a silicon base and the sample is cooled. Light
energy is directed into the sample through the parallel
interrogation ports and characteristics of the sample are
detected.

[0061] While the invention may be susceptible to var-
ious modifications and alternative forms, specific embod-
iments have been shown by way of example in the draw-
ings and have been described in detail herein. However,
it should be understood that the invention is not intended
to be limited to the particular forms disclosed. Rather,
the invention is to cover all modifications, equivalents,
and alternatives falling within the spirit and scope of the
invention as defined by the appended claims.

[0062] Features of the parent application include

1. A polymerase chain reaction DNA amplification
and detection system, comprising:

one or more sample chamber modules adapted
to contain biological sample volumes,

each of said sample chamber modules having
the ability to support a duplex assay, and
parallel interrogation ports operatively connect-
ed to said sample chamber modules.

2. The polymerase chain reaction DNA amplification
and detection system of feature 1, including a linear
detection system operatively connected to each of
said interrogation ports.

3. The polymerase chain reaction DNA amplification
and detection system of feature 1, including a linear
detection systems operatively connected to said in-
terrogation ports, wherein said linear detection sys-
tems are positioned substantially parallel to each
other.

4. The polymerase chain reaction DNA amplification
and detection system of feature 1, including a main
body with said one or more sample chamber mod-
ules removeably connected to said main body.

5. The polymerase chain reaction DNA amplification
and detection system of feature 4, wherein said main
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body and said one or more sample chamber modules
are capable of being handheld.

6. The polymerase chain reaction DNA amplification
and detection system of feature 4, wherein said main
body is less than about 12 inches long.

7. The polymerase chain reaction DNA amplification
and detection system of feature 4, wherein said main
body is about 10 inches or less long.

8. The polymerase chain reaction DNA amplification
and detection system of feature 4, wherein said main
body is less than about 6 inches wide.

9. The polymerase chain reaction DNA amplification
and detection system of feature 4, wherein said main
body is about 4 inches or less wide.

10. The polymerase chain reaction DNA amplifica-
tion and detection system of feature 4, wherein said
main body is less than about 4 inches deep.

11. The polymerase chain reaction DNA amplifica-
tion and detection system of feature 4, wherein said
main body is about 2 inches or less deep.

12. The polymerase chain reaction DNA amplifica-
tion and detection system of feature 4, wherein said
main body and said one or more sample chamber
modules weigh less than about 5 pounds.

13. The polymerase chain reaction DNA amplifica-
tion and detection system of feature 4, wherein said
main body and said one or more sample chamber
modules weigh about 2 pounds or less.

14. The polymerase chain reaction DNA amplifica-
tion and detection system of feature 4, wherein said
main body and said one or more sample chamber
modules are battery operated.

15. The polymerase chain reaction DNA amplifica-
tion and detection system of feature 1, wherein each
of said interrogation ports has a unique optical fluo-
rescence detection system

16. The polymerase chain reaction DNA amplifica-
tion and detection system of feature 1, wherein each
of said parallel interrogation ports has its own optical
fluorescence detection system.

17. The polymerase chain reaction DNA amplifica-
tion and detection system of feature 1, wherein each
of said sample chamber modules has multiple ports
which interrogate distinct regions within said sample
volume using its own optical fluorescence detection
system.

18. The polymerase chain reaction DNA amplifica-
tion and detection system of feature !, including a
sleeve reaction chamber having a plurality of
grooves in the sleeve for reducing thermal mass and
increasing surface area of the sleeve.

19. The polymerase chain reaction DNA amplifica-
tion and detection system of feature 18, wherein said
plurality of grooves includes at least one longitudi-
nally extending groove, and at least one radially ex-
tending groove, and at least one radially extending
groove connected to said longitudinally extending
groove to form a passageway there-through.
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20. The polymerase chain reaction DNA amplifica-
tion and detection system of feature 19, wherein said
plurality of grooves includes at least one longitudi-
nally extending groove on opposite sides of said
sleeve, and at least one radially extending groove
connected to each of said longitudinally extending
grooves to form passageways there-through.

21. The polymerase chain reaction DNA amplifica-
tion and detection system of feature 20, wherein two
longitudinally extending grooves are located on op-
posite sides of said sleeve, and wherein said plurality
of connecting radially extending grooves are located
along opposite end sections of said sleeve.

22. The polymerase chain reaction DNA amplifica-
tion and detection system of feature 21, wherein
each of said grooves is of a V-shaped configuration.
23. The polymerase chain reaction DNA amplifica-
tion and detection system of feature 22, wherein said
sleeve is constructed of silicon.

24. The polymerase chain reaction DNA amplifica-
tion and detection system of feature 23, wherein said
sleeve reaction chamber is composed of two sec-
tions, said sections being bonded or clamped togeth-
er.

25. The polymerase chain reaction DNA amplifica-
tion and detection system of feature 24, wherein said
two sections are configured to define a chamber to
enclose an insert therebetween such that said insert
is in direct contract with at least a portion of walls of
said two sections defining the chamber.

26. The polymerase chain reaction DNA amplifica-
tion and detection system of feature 1, wherein an
LED directs light energy into each of said parallel
interrogation ports.

27. The polymerase chain reaction DNA amplifica-
tion and detection system of feature 26, including
bandpass filters in each of said parallel interrogation
ports.

28. The polymerase chain reaction DNA amplifica-
tion and detection system of feature 1, including a
non-orthogonal fluorescence, highly compact optical
detection system.

29. The polymerase chain reaction DNA amplifica-
tion and detection system of feature 1, including an
assay status user interface.

30. The polymerase chain reaction DNA amplifica-
tion and detection system of feature 1, including one
or more master microprocessors and one or more
slave microcontrollers.

31. The polymerase chain reaction DNA amplifica-
tion and detection system of feature 1, including a
positive calling algorithm for determining when a bi-
ological agent was present in said sample volume.
32. The polymerase chain reaction DNA amplifica-
tion and detection system of feature 1, including a
status display that indicates the viability of a partic-
ular assay.

33. The polymerase chain reaction DNA amplifica-
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tion and detection system of feature 25, including
electronics located in said main body and forced
cooling ducts for efficiently coupling external air
through said sleeve reaction chamber then out of
said main body, thereby cooling said sample and
said electronics simultaneously.

34. A method of polymerase chain reaction DNA am-
plification and detection, comprising the steps of:

placing abiological sample in a sample chamber
module that has the ability to support a duplex
assay, and

directing light energy into said biological sample
through parallel interrogation ports operatively
connected to said sample chamber module.

35. The method of polymerase chain reaction DNA
amplification and detection of feature 34, wherein
said light energy is directed into said biological sam-
ple through a linear detection system.

36. The method of polymerase chain reaction DNA
amplification and detection of feature 34, including
the steps of:

heating said sample using a heating unit in a
silicon base, and
cooling said sample.

37. The method of polymerase chain reaction DNA
amplification and detection of feature 36, including
forcing cooling airthrough a sleeve reaction chamber
to cooling said biological sample.

38. The method of polymerase chain reaction DNA
amplification and detection of feature 34, wherein
said sample chamber module includes an individual
sample chamber and including the step of temporar-
ily overheating said sample chamber for the purpose
of having said biological sample achieve and hold a
desired temperature as rapidly as possible.

39. The method of polymerase chain reaction DNA
amplification and detection of feature 34, including
the step of:

determining that an assay of said sample is pos-
itive based on the relationship between a multi-
plicity of signal increases and a per-cycle thresh-
old value for said increases.

40. The method of polymerase chain reaction DNA
amplification and detection of feature 39, including
the step of:

displaying in real-time the degree of certainty or
of reliability for each said assay.
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Claims

1.

10.

A polymerase chain reaction DNA amplification and
detection system, comprising:

a main body with one or more sample chamber
modules associated therewith and adapted to
contain biological sample volumes, said main
body and said one or more sample chamber
modules capable of being handheld,

each of said sample chamber modules having
the ability to support a duplex assay;

parallel interrogation ports operatively connect-
ed to said sample chamber modules; and
linear detection systems operatively connected
one to each of said interrogation ports, said lin-
ear detection systems positioned substantially
parallel to each other.

The polymerase chain reaction DNA amplification
and detection system of claim 1, wherein said one
or more sample chamber modules are removably
connected to said main body.

The polymerase chain reaction DNA amplification
and detection system of claim 2, wherein said main
body is less than about 12 inches long.

The polymerase chain reaction DNA amplification
and detection system of claim 2, wherein said main
body is about 10 inches or less long.

The polymerase chain reaction DNA amplification
and detection system of claim 2, wherein said main
body is less than about 6 inches wide.

The polymerase chain reaction DNA amplification
and detection system of claim 2, wherein said main
body is about 4 inches or less wide.

The polymerase chain reaction DNA amplification
and detection system of claim 2, wherein said main
body is less than about 4 inches deep.

The polymerase chain reaction DNA amplification
and detection system of claim 2, wherein said main
body is about 2 inches or less deep.

The polymerase chain reaction DNA amplification
and detection system of claim 2, wherein said main
body and said one or more sample chamber modules
weigh less than about 5 pounds.

The polymerase chain reaction DNA amplification
and detection system of claim 2, wherein said main
body and said one or more sample chamber modules
weigh a bout 2 pounds or less.
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11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

18

The polymerase chain reaction DNA amplification
and detection system of claim 2, wherein said main
body and said one or more sample chamber modules
are battery operated.

The polymerase chain reaction DNA amplification
and detection system of claim 1, wherein each of
said interrogation ports has a unique optical fluores-
cence detection system

The polymerase chain reaction DNA amplification
and detection system of claim 1, wherein each of
said parallel interrogation ports has its own optical
fluorescence detection system.

The polymerase chain reaction DNA amplification
and detection system of claim 1, wherein each of
said sample chamber modules has multiple ports
which interrogate distinct regions within said sample
volume using its own optical fluorescence detection
system.

The polymerase chain reaction DNA amplification
and detection system of claim 1, wherein an LED
directs light energy into each of said parallel interro-
gation ports.

The polymerase chain reaction DNA amplification
and detection system of claim 15, including band-
passfiltersin each of said parallel interrogation ports.

The polymerase chain reaction DNA amplification
and detection system of claim 1, including a non-
orthogonal fluorescence, highly compact optical de-
tection system.

The polymerase chain reaction DNA amplification
and detection system of claim 1, including an assay
status user interface.

The polymerase chain reaction DNA amplification
and detection system of claim 1, including one or
more master microprocessors and one or more slave
microcontrollers.

The polymerase chain reaction DNA amplification
and detection system of claim 1, including a positive
calling algorithm for determining when a biological
agent was present in said sample volume.

The polymerase chain reaction DNA amplification
and detection system of claim 1, including a status
display that indicates the viability of a particular as-
say.

The polymerase chain reaction DNA amplification
and detection system of claim 24, including electron-
ics located in said main body and forced cooling



23.

24,

25.

26.

27.

28.
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ducts for efficiently coupling external air through said
sleeve reaction chamber then out of said main body,
thereby cooling said sample and said electronics si-
multaneously.

A method of polymerase chain reaction DNA ampli-
fication and detection, comprising the steps of:

placing a biological sample in a sample chamber
module that has the ability to support a duplex
assay, said sample chamber module being as-
sociated with a main body, said main body and
said one or more sample chamber modules ca-
pable of being handheld, and

directing light energy into said biological sample
through parallel interrogation ports operatively
connected to said sample chamber module and
into said biological sample through a linear de-
tection system.

The method of polymerase chain reaction DNA am-
plification and detection of claim 23, including the
step of:

heating said sample using a heating unit in a
silicon base, and cooling said sample.

The method of polymerase chain reaction DNA am-
plification and detection of claim 24, including forcing
cooling air through a sleeve reaction chamber to
cooling said biological sample.

The method of polymerase chain reaction DNA am-
plification and detection of claim 23, wherein said
sample chamber module includes an individual sam-
ple chamber and including the step of temporarily
overheating said sample chamber for the purpose
of having said biological sample achieve and hold a
desired temperature as rapidly as possible.

The method of polymerase chain reaction DNA am-
plification and detection of claim 23, including the
step of:

determining that an assay of said sample is pos-
itive based on the relationship between a multi-
plicity of signalincreases and a per-cycle thresh-
old value for said increases.

The method of polymerase chain reaction DNA am-
plification and detection of claim 27, including the
step of:

displaying in real-time the degree of certainty or
of reliability for each said assay.
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