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(57) ABSTRACT 

An analyzer for performing automated assay testing. The 
analyzer includes a storage and conveyor System for con 
veying cuvettes to an incubation or processing conveyor, a 
Storage and Selection System for test Sample containers, a 
Storage and Selection System for reagent containers, Sample 
and reagent aspirating and dispensing probes, a separation 
System for Separating bound from unbound tracer or labeled 
reagent, a detection System and date collection/processing 
system. All of the sub-units of the machine are controlled by 
a central processing unit to coordinate the activity of all of 
the Subunits of the analyzer. The analyzer is specifically 
Suited for performing heterogeneous binding assay proto 
cols, particularly immunoassayS. 
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BACKGROUND OF THE INVENTION 

0003. The present invention is generally directed to an 
automated analyzer for conducting binding assays of various 
liquids, particular biological fluids for Substances contained 
therein. 

0004. The present invention is particularly directed to a 
machine for performing automated immunoassay testing, in 
particular heterogeneous immunoassays in which paramag 
netic particles are the Solid phase reagent and the labeled 
reagent (tracer reagent) includes a chemiluminescent label. 
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The System can accommodate both competitive and Sand 
wich-type assay configurations. A chemiluminescent flash is 
initiated and its intensity measured as an indication of the 
presence or absence of an analyte in the test fluid which is 
being assayed. The analyzer can be Selectively run in 
batch-mode or random access Sequence. 
0005 Over the last several years, automated instrumen 
tation has been developed for routine testing in the clinical 
laboratory. Limited automation has been applied to the area 
of immunoassay testing. Although Some instruments have 
been developed for limited immunoassay testing, many of 
the procedures are still performed manually. Test results are 
very often delayed because of the time factor and labor 
intensity for many of the manual Steps, and long incubation 
or reaction times. These delays can be critical in many 
clinical situations. In addition, the manual procedures cause 
variations in test results and are quite costly. The causes of 
Such variations include nonuniform testing protocols, tech 
nician experience skills and the precision of the apparatus/ 
analyzer. These and other difficulties experienced with the 
prior art analyzer and manual testing Systems have been 
obviated by the present invention. 
0006. It is, therefore a principal object of the invention to 
provide an automated analyzer for diagnostic immunoassay 
testing which is particularly applicable to heterogeneous 
immunoassay testing. 
0007 Another object of this invention is the provision of 
an analyzer which has a high degree of versatility, capable 
of performing a wide range of binding assay protocols for a 
wide range of clinical and non-clinical analytes. 
0008 A further object of the present invention is the 
provision of an automatic analyzer which is capable of 
handling a plurality of test protocols Simultaneously, con 
tinuously and Sequentially. 
0009. It is another object of the present invention to 
provide an automated analyzer which is capable of high 
Sample throughput. 
0010) A still further object of the invention is the provi 
Sion of an automated analyzer which greatly reduces the 
amount of time per assay or Sample test. 
0011. It is a further object of the invention to provide an 
automated analyzer which provides consistent and reliable 
assay readings. 
0012. It is a further object of the invention to provide an 
automated analyzer which is Self-contained and requires a 
minimal amount of Space for complete Sample processing. 
0013 A further object of the invention is to provide a 
constant luminescent light Source for automatic monitoring 
of the luminometer calibration of an assay apparatus. 
0014. It is still a further object of the invention to provide 
an automated analyzer which can be Selectively run in a 
bath-mode or random acceSS Sequence. 
0.015 With these and other objects in view, as will be 
apparent to those skilled in the art, the invention resides in 
the combination of parts Set forth in the Specification and 
covered by the claims appended hereto. 

SUMMARY OF THE INVENTION 

0016. In general, the automated analyzer of the present 
invention is a Self-contained instrument which is adapted to 
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be located on a Suitable laboratory bench. It requires no 
external connections other than a Standard power line and 
operates accurately within an ambient temperature range of 
18 to 30° C. The functional units of the analyzer include a 
proceSS track, a Sample handling or transport System, a 
reagent handling or transport System, a Separation and 
washing System, a detection System (luminometer) and data 
collection/processing System. The reagents and test Samples 
are reacted in discreet, disposable cuvettes. The cuvettes are 
automatically and Sequentially dispensed from a cuvette 
loader onto a linear process tract which moves each cuvette 
one cuvette Space every twenty Seconds. The temperature of 
the test reaction is controlled by a thermal System which 
preheats the cuvettes and reagents and maintains an envi 
ronmental temperature of 37 C., plus or minus one degree, 
throughout incubation. Test Samples are dispensed into the 
cuvettes by an aspirating and dispensing probe and reagents 
are added at Software-controlled intervals by means of three 
aspirating and dispensing reagent probes. The analyzer is 
particularly adapted for performing heterogeneous specific 
bind assays. The analyzer can be Selectively run in batch 
mode or random access Sequence. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.017. The character of the invention, however, may be 
best understood by reference to one of its structural forms, 
as illustrated by the accompanying drawings, in which: 
0018 FIG. 1 is a front perspective view of the analyzer 
of the present invention; 
0.019 FIG. 2 is a diagrammatic plan view showing the 
general organization of the Subunits of the analyzer, 
0020 FIG. 3 is a diagrammatic plan view of a sequential 
Series of cuvettes which are disposed on the pre-heater 
Section and event conveyor; 
0021 FIG. 4 is a front elevational view of a cuvette 
which is used with the automated analyzer of the present 
invention for holding Sample and reagent; 
0022 FIG. 5 is a top plan view of the cuvette; 
0023 FIG. 6 is a bottom plan view of the cuvette; 
0024 FIG. 7 is a side elevational view of the cuvette; 
0025 FIG. 8 is a perspective view of the cuvette; 
0026 FIG. 9 is a side elevational view of a container for 
holding reagent, specifically labeled reagent (tracer reagent); 
0027 FIG. 10 is a top plan view of the container; 
0028) 
0029) 
0030 FIG. 13 is a vertical cross-sectional view of the 
container taken along the line 13-13 and looking in the 
direction of the arrows, 

0031 FIG. 14 is a bottom plan view of a cover for a 
container including the container which is shown in FIG. 9; 

FIG. 11 is a bottom plan view of the container; 
FIG. 12 is a perspective view of the container; 

0032 FIG. 15 is a vertical cross-sectional view of the 
cover taken along the line 15-15 and looking in the direction 
of the arrows; 
0.033 FIG. 16 is a side elevational view of a reagent 
container, Specifically for Solid phase reagent; 
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0034 FIG. 17 is a top plan view of the solid phase 
reagent container; 
0035 FIG. 18 is a bottom plan view of the reagent 
container; 
0036 FIG. 19 is a vertical cross-sectional view of the 
reagent container, taken along the line 19-19 of FIG. 17 and 
looking in the direction of the arrows, 
0037 FIG. 20 is a perspective view of the reagent 
container with portions broken away; 
0038 FIGS. 21A and 21B, when viewed together, is a 
front elevational view of the analyzer of the present inven 
tion, the sheets being joined along the line 21A, 
0039 FIG. 22 is a top plan view of the analyzer, with 
portions broken away; 
0040 
0041 FIG. 24 is an exploded peeve view of a system for 
feeding cuvettes from a Storage hopper; 

FIG. 23 is an end view of the analyzer; 

0042 FIG. 25 is a perspective view of a cuvette storage 
hopper; 

0043 FIG. 26 is an exploded perspective view of the 
cuvette feed System and hopper; 

0044 FIG. 27 is a front elevational view of the cuvette 
feed System; 

004.5 FIG. 28 is a rear elevational view of the cuvette 
feed System; 

0046 FIG. 29 is a right side elevational view of the 
cuvette feed System, with portions broken away; 
0047 FIG. 30 is a plan view of the hopper and feed 
System; 

0048 FIG. 31 is a fragmentary view of a feed chute 
which forms part of the cuvette feed system, with portions 
broken away; 
0049 FIGS. 32A, 32B and 32C, when taken together, 
form a front view of a conveyor System for feeding cuvettes 
from the hopper feed System through the vent areas of the 
machine, the sheets being joined along the lines 32A and 
32B; 

0050 FIGS. 33A, 33B and 33C, when viewed together, 
form a top plan view of the cuvette conveyor System the 
sheets being joined along the lines 33A and 33B; 
0051 FIG. 34 is a vertical cross-sectional view showing 
magnetic means for attracting paramagnetic particles from 
the test Sample and reagent mixture in a cuvette taken along 
the line 34A-34A of FIG. 33C and looking in the direction 
of the arrows; 

0052 FIG. 35 is a vertical cross-sectional view showing 
another aspect of the magnetic means for attracting the 
paramagnetic particles from the test Sample and reagent 
mixture within a cuvette taken along the line 35A-35A of 
FIG. 33C and looking in the direction of the arrows; 
0053 FIG. 36 is a front elevational view of a sample 
transport System; 

0054) 
System; 

FIG. 37 is a top plan view of the sample sport 
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0055 FIG. 38 is a vertical cross-sectional view of the 
sample transport system taken along the line 38A-38A of 
FIG. 37; 
0056 FIG. 39 is an exploded perspective view of some 
of the elements of the Sample transport System; 
0057 FIG. 40 is an exploded perspective view of one of 
the drive mechanisms for the sample transport System; 
0.058 FIG. 41 is an exploded diagrammatic elevational 
View of the Sample transport System; 
0059 FIG. 42 is a perspective view of one of the drive 
elements of the Sample transport System; 

0060) 
System; 

0061 FIG. 44 is a front elevational view of a reagent 
transport System; 

FIG. 43 is a top plan view of a reagent transport 

0.062 FIG. 45 is a vertical cross-sectional view of the 
reagent transport System; 

0.063 FIG. 46 is an exploded perspective view of some 
of the elements of the reagent transport System; 
0.064 FIG. 47 is an exploded perspective view of addi 
tional elements of the reagent transport System; 
0065 FIG. 48 is an exploded perspective view of one of 
the drive elements for the reagent transport System; 
0.066 FIG. 49 is a diagrammatic elevational view of the 
reagent transport System; 

0067 FIG. 50 is a front elevational view of a sample 
probe transport System; 
0068 FIG. 51 is a diagrammatic right side elevational 
View of the Sample probe transport System; 
0069 FIG. 52 is a right side elevational view of the 
Sample probe transport System; 
0070 FIG. 53 is a plan view of the sample probe 
transport System; 

0071 FIG. 54 is an exploded perspective view of some 
of the elements of the Sample probe transport System; 
0072 FIG. 55 is an exploded perspective view of the 
horizontal drive components of the Sample probe transport 
System; 

0073 FIG. 56 is an exploded perspective view of a 
Sample probe Supporting carriage which forms part of the 
Sample probe transport System; 

0074 FIG. 57 is an exploded elevational view of one of 
the drive components for the Sample probe transport System; 
0075 FIG. 58 is an exploded perspective view of one of 
the horizontal drive components for the Sample probe trans 
port System; 

0076 FIG. 59 is an exploded perspective view of one of 
the vertical drive components for the Sample probe transport 
System; 

0077 FIG. 60 is a top plan view of a reagent probe 
transport System; 

0078 FIG. 61 is a right side elevational view of the 
reagent probe transport System; 
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007.9 FIG. 62 is a front elevational view of the reagent 
probe transport System; 

0080 FIG. 63 is an exploded perspective view of some 
of the elements of the reagent probe transport System; 
0081 FIG. 64 is an exploded perspective view of the 
components of the left hand reagent probe; 
0082 FIG. 65 is an exploded perspective view of the 
central reagent probe components, 

0.083 FIG. 66 is an exploded perspective view of the 
right reagent probe components, 

0084 FIG. 67 is an exploded perspective view of one of 
the horizontal drive elements of the reagent probe transport 
System; 

0085 FIG. 68 is an exploded perspective view of one of 
the drive components for moving the left probe Vertically, 
0.086 FIG. 69 is an exploded perspective view of the 
probe Supporting elements for the central probe of the 
reagent probe transport System; 

0087 FIG. 70 is an elevational view of a post which 
forms part of the mechanism for rotating the left probe about 
a vertical axis, 

0088 FIG. 71 is an exploded perspective view of the 
probe Supporting elements for the right probe of the reagent 
probe transport System; 

0089 FIG. 72 is an exploded perspective view of the 
probe Supporting elements for the left probe of the reagent 
probe transport System; 

0090 FIG. 73 is an exploded perspective view of the 
Syringe bank for the Sample and reagent probes, 

0091 FIG. 74 is a cross-sectional view of a heating 
System for a tube which extends from one of the reagent 
probes to its corresponding Syringe, 

0092 FIG. 75 is an exploded perspective view of an 
event conveyor System and all of the wash Stations for the 
Sample and reagent probes, 

0093 FIG. 76 is a perspective view of the right hand end 
of the analyzer which illustrates the aspirate resuspend area 
of the event track and the luminometer; 

0094 FIG. 77 is an exploded perspective view of the 
aspirate resuspend components, 

0.095 FIG. 78 is a cross-sectional view of one of the 
aspirating probes; 

0096 FIG. 79 is a vertical cross-sectional view of a 
cuvette wash apparatus which forms part of the aspirate 
resuspend Section of the event conveyor taken along the line 
79A-79A of FIG. 33C; 

0097 FIG. 80 is a vertical cross-sectional view of the 
acid resuspend mechanism taken along the line 80A-80A of 
FIG. 33C; 

0.098 FIG. 81 is a right hand elevational view of a 
luminometer and elevator mechanism which conveys 
cuvettes to the luminometer at the end of the event conveyor; 
0099 FIG. 82 is a top plan view of the luminometer; 
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0100 FIG. 83 is a vertical cross-sectional view of the 
luminometer and cuvette elevator; 
0101 FIG. 84 is an exploded perspective view of some 
of the elements of the luminometer; 
0102 FIG. 85 is a perspective view of the luminometer; 
0103 FIG. 86 is a diagrammatic plan view showing the 
path of the cuvettes within the luminometer; 
0104 FIG. 87 is a schematic diagram of a preferred 
embodiment of a reference LED module; 
0105 FIG. 88 is a block diagram of the module; 
0106 FIG. 89 is a diagram of the preferred timing 
Scheme of an electronically adjustable potentiometer in the 
reference LED module; 
0107 FIG. 90 is an exploded perspective view of the 
valve modules which are located at the left side of the 
analyZer; 

0108 FIG. 91 is a perspective view of the left side valve 
components and peristaltic pumps, 
0109 FIG. 92 is an exploded perspective view of the 
Valve components at the right hand Side of the analyzer, 
0110 FIGS. 93A and 93B is a schematic view of all of 
the pneumatic and plumbing components for the analyzer, 
0111 FIGS. 94-102 are flow diagrams of the coordinated 
operation of the various Subunits of the analyzer. 
0112. It is noted that the representations shown in the 
FIGS. may not indicate actual Scales or ratioS. 

GLOSSARY 

0113. The following terms as used in this specification 
and claims are defined as follows: 

0114) Acid Reagent: 

0115 0.1 NHNO with 0.5% peroxide; added to the 
magnetic particles after the wash cycle. The peroxide 
attaches to the acridinium ester at a low pH (pH1). 
This reaction readies the acridinium ester for light 
emission. 

0116 Acridinium Ester (AE): 
0117 The chemical “label” responsible for the 
chemiluminescent flash when base reagent is added 
to the acidified magnetic particle/analyte/AE mixture 
in the cuvette. See U.S. Pat. Nos. 4,745,181, 4,918, 
192 and 4,946,958, which are incorporated by ref 
CCCC. 

0118 Analte: 

0119) A substance of unknown concentration 
present or Suspected of being present in a test 
Sample. 

0120 Antibody (Ab): 
0121 1) a protein produced by the body in response 
to the presence of a foreign Substance, part of the 
body's resistance to disease 2) proteins or carbohy 
drates containing proteins having the ability to com 
bine with a specific antigen. 
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0122) Antigen (Ag): 
0123 1) a substance foreign to the body which when 
introduced into the body stimulates the production of 
antibodies 2) under analysis conditions; a protein or 
non-protein compound capable of reacting with a 
Specific antibody. 

0.124 Assay: 
0.125 a diagnostic or analytical protocol for deter 
mining the presence and amount or absence of a 
Substance in a test Sample, Said assay including 
immunoassays of various formats. 

0.126 Base Reagent: 

O127 0.25 N NaOH, pH 13, and ARQUAD; added 
to the magnetic particles Suspended in acid when the 
cuvette is in the luminometer. When injected, the pH 
shift and accompanying electron excitation causes 
light emission at a specific wavelength (a flash). See 
U.S. Pat. No. 4,927,769 which is incorporated by 
reference. 

0128 Buffer: 
0129. A solution used for pH maintenance; com 
posed of a weak acid (or base) and its Salt. 

0130 Calibrator: 

0131) A protein based solution (often human based) 
containing known concentrations of analytes provid 
ing a reference curve for converting measured Signal 
into concentration. 

0132) Calibration Curve: 
0133) A pair of calibrators are run as samples and 
the calibrator data is normalized against the Stored 
Master Curve data for the tested analyte, compen 
Sating for current running conditions and instrument 
variability. 

0.134 Chemiluminescence: 
0.135 A chemical reaction in the production of light. 

0.136 Competitive Assay: 

0.137 An Ab/Ag reaction where the unknown Ag in 
a Sample and a labeled Ag in reagent compete for a 
limited amount of reagent labeled Ab. 

0138 Control: 
0.139. A protein based product containing specific 
analytes within a predetermined concentration range; 
i.e., low, medium, high. Many controls are human 
Serum based. Controls are used as a total System 
performance check. 

0140 Counts: 
0.141. The basic unit of measurement of PMT signal 
after processing by the PAD electronics. 

0142 Count Profile: 
0.143 Counts vs time; information is stored in files 
in System and can be plotted. 
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0144) Dark Counts: 
0145 The electronic noise of the PMT in the 
absence of light. 

0146) Diluent (DIL): 
0147 A protein based solution; used to dilute a 
patient Sample when the original result is beyond the 
curve range. 

0148 Flash: 
0149. A short-lived burst of light produced from the 
immunoassay when the pH is rapidly changed from 
acidic to basic (with the addition of the base reagent). 

0150 Hapten: 
0151. An incomplete antigen being incapable alone 
of causing the production of antibodies but capable 
of combining with Specific antibodies. 

0152) 
0153. A chemical test involving an antibody/antigen 
reaction to determine the presence of and/or quantify 
a Specific Substance; the Substance being assayed 
may be the antibody or antigen in the reaction. 

0154) Light Counts: 
0155 The electronic signal of the PMT in the pres 
ence of light, including dark counts. 

0156 Master Curve: 

Immunoassay: 

O157. A ten point curve generated by Quality Con 
trol for each matched set of SP and Lite reagents, 
data is published in assay’s package insert and 
programmed into instrument by operator, used by 
instrument as the master reference curve for convert 
ing measured signal into concentration. 

0158 NSB: 
0159) non-specific binding All tracer material 
which is present during the measurement phase but 
does not represent specific Ab binding. Tracer mate 
rial may attach indiscriminately to cuvette wall or 
particles and does not wash away, resulting in Signal 
that mimics an Ab/Ag reaction 

0160 PAD: 
0.161 Electronics that amplify the PMT signal 

ulse) and filter it for signal not generated b p 9. 9. y 
photons. 

0162 Photon: 
0163 A unit of light. 

0164 PMP: 
0.165 Para-magnetic particles; used in Solid Phase 
reagent. 

0166 PMT: 
0167 Photomultiplier tube-a vacuum (or gas 

filled) phototube with a cathode, usually nine dyn 
odes, and an anode. The cathode is capable of 
emitting a stream of electrons when exposed to light. 
The dynode arrangement provides Successive Steps 
in amplification of the original signal from the cath 
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ode. The resulting Signal produced is directly pro 
portional to the amount of illumination. 

0168 Pre-Treatment Agent (TRX): 
0169. A solution mixed and incubated with sample 
to protect the analyte from releasing agent. 

0170 Releasing Agent (REL): 
0171 Asolution mixed with sample for the purpose 
of Separating the analyte from another molecule and 
rendering it available for immuno-reaction. 

0172 RLU: 
0173 Relative light units; used on the manual 
Magic(R) Lite analyzers. A unit of light measurement 
calibrated against a tritium Source and unique for 
each instrument. 

0174 Sandwich Assay: 
0.175. An Ab/Ag reaction where unknown Ag reacts 
with two forms of reagent labeled Ab; a solid phase 
or physical carrier reagent and a signal producing 
reagent, resulting in a Ab/Ag/Ab “Sandwich'. 

0176) Solid Phase Reagent (SP): 
0177. A physical carrier reagent coupled with anti 
gen or antibody (as required by assay) in a buffer. 
See U.S. Pat. Nos. 4,554,088 and 4,672,040. 

0.178 System Fluid (System Water, System Diluent): 
0179 All system syringes are water backed with 
D.I. water from the on-board supply; used to follow 
Sample and reagent dispense to cuvette, wash all 
probes, wash magnetic particles in cuvette at aspi 
rate/resuspend position in track. 

0180 Test Sample: 
0181. A specimen for testing, including biological 
fluids, e.g. Serum, urine, cellular products, controls, 
calibrators, etc., non biological fluids, e.g. chemical 
compounds, drugs, etc., and any other fluid of inter 
est for which an assay protocol may be formatted. 

0182 Total Counts: 
0183) 1) the area under the flash curve 2) counts per 
read interval. 

0184 Tracer Reagent (Lite Reagent (LR)): 
0185 Antibody or antigen (as required by assay) 
labeled with acridinium ester in a barbitol buffer 
(synonym-tracer). 

0186 Tritium: 
0187. A radioactive light source in a sealed scintil 
lation Solution; it emits light and Serves as a calibra 
tion reference for evaluating luminometer perfor 
mance. (Las Alamos Diagnostics product insert; PN 
71-002 & 61-006). 
DESCRIPTION OF THE PREFERRED 

EMBODIMENT 

General Organization of Machine Subunits 
0188 The analyzer requires on-board supplies of 
cuvettes, deionized water, and the acid and base reagents. 
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Sensors monitor Volumes of liquid Supplies and indicate 
necessary refilling before the assay run is initiated. Addi 
tional cuvettes may be loaded at any time, even while the 
instrument is operating. Waste liquid is collected in an 
on-board removable reservoir, and used cuvettes are col 
lected in a waste bin, after aspiration of all liquid waste. The 
analyzer advises the operator when either of these waste 
collectors are in need of emptying. 
0189 Referring first to FIGS. 1, 2 and 3, the automated 
analyzer of the present invention and includes a housing 21 
which contains or Supports a plurality of Subunits for per 
forming the various Steps for completion of a plurality of 
binding assays on fluid Samples, e.g. blood Serum. The 
analyzer is Specifically adapted to perform heterogeneous 
immunoassays having various formats. The Subunits include 
a cuvette hopper and feeder mechanism which is generally 
indicated by the reference numeral 22, a cuvette conveying 
System 23, a Sample probe transport System 24, a plurality of 
reagent probe transport Systems R1, R2 and R3, a Sample 
transport System which is generally indicated by the refer 
ence numeral 26, and a reagent transport System which is 
generally indicated by the reference numeral 27. A detection 
device 29 is located at the end of and above the conveyor 
system 23. The detection device of the preferred embodi 
ment is a luminometer. Other devices, e.g. fluorimeter, 
isotope emitter counters, etc. are known in the arts. The uses 
of such other devices is determined by the type of label that 
is utilized in a test reaction. This System 20 also includes a 
syringe bank 32, a central processing unit (CPU). not shown, 
which is operably connected to a cathode ray tube (CRT) 36 
and keyboard 37. The syringe bank 32 is operatively con 
nected to the Sample probe transport System 24 and reagent 
probe transport systems R1, R2 and R3. 
0190. A wash station for the sample aspirating and dis 
pensing probe is located behind the Sample transport System 
and is generally indicated by the reference numeral 18. 
Additional wash Stations, generally indicated by the refer 
ence numerals 15, 16 and 17, for the reagent aspirating and 
dispensing probes are located behind the reagent transport 
system 27, see also FIGS. 21A, 21B and 22. 
0191 Referring particularly to FIG. 3, the conveyor 
System 23 is divided into two Sections, a cuvette preheater 
Section which is generally indicated by the reference 
numeral 38 and a cuvette dispense and incubation Section 
which is generally indicated by the reference numeral 39. 
The cuvettes 40 are Stored in a random manner in a hopper 
22 and conveyed to the end of the preheater section 38 in an 
upright orientation. A plunger 19 is fixed to the end of a lead 
screw 41 which is driven horizontally by an electric motor 
25 along its central longitudinal axis and the axis of the 
preheater section 38. The plunger 19 is moved from an outer 
retracted position to an extended position as shown in FIG. 
3 to push a cuvette which has just been deposited on the 
preheater Section 38 one cuvette Space towards the incuba 
tion section 39. This advances all of the cuvettes 40 along 
the preheater section 38 so that the furthest cuvette is 
transferred onto the incubation section 39. The plunger 41 is 
then moved back to the retracted position to engage the next 
cuvette which will drop into the starting position. The lead 
Screw 41 does not rotate about its axis. Cuvette Sensors, 
generally indicated by the reference numeral 43, are posi 
tioned at the end of the preheat section 38 and at the 
beginning of the incubation section 39 to monitor the 
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presence of cuvettes at these locations. The cuvettes 40 are 
conveyed along the incubation section 39 by conveyor 
means, described below, which is driven by a motor 42. As 
each cuvette reaches a Sample dispense point 44 along the 
incubation section 39, a probe, described below, from the 
Sample probe transport System 24 aspirates a predetermined 
amount of fluid to be analyzed from a container, described 
below, in the Sample transport System 26 and deposits the 
Sample in the cuvette at the Sample dispense point 44. When 
the cuvette reaches any one of three predetermined positions 
45, 46 or 47 adjacent the reagent transport system 27, a pair 
of reagents from the reagent transport System 27 is added to 
the fluid Sample in the cuvette to initiate a test reaction for 
form a detectable product by one or more of the reagent 
probes from the reagent probe systems R1, R2 or R3. The 
Sequence of reagent addition into the cuvette is determined 
by the assay protocol Selected for the test Sample. Variation 
in reagent addition occurs for example when an incubation 
of test Sample and one of the reagents is required. The 
reagents comprise a Solid phase reagent and a labeled 
reagent (tracer reagent) which, in the preferred embodiment, 
is of a luminescent compound. 
0.192 The solid phase reagent in the preferred embodi 
ment is paramagnetic particles having a binding Substance 
coupled thereto. Alternate Solid phase materials are known 
in the arts as well as Separation techniques for isolating the 
Said Solid phase materials. The detectable product that is 
formed in the preferred embodiment is a complex that 
includes the Solid phase reagent, analyte that is being 
assayed and the labeled reagent. The complex will vary 
depending on the format of the assay. Examples of binding 
assay formats which generate a detectable product include 
competitive and Sandwich type reactions, each of which may 
be performed by the analyzer of the present invention. 
Thereafter, the cuvette passes an aspirate/resuspend area 
which is generally indicated by the reference numeral 28, 
which prepares the mixture for a “flash” or light emitting 
reaction in the luminometer 29. Referring particularly to 
FIG. 3, the aspirate resuspend area 28 of the preferred 
embodiment includes a magnetic apparatus 49. An aspirate/ 
wash probe is located at point 50. An aspirate probe is 
located at point 51 and an acid resuspension probe is located 
at point 52. 
0193 When the cuvette reaches the end of the incubation 
section 39, it is lifted vertically by an elevator mechanism at 
point 53 to the luminometer 29. When the cuvette which 
contains the acid resuspended detectable product has been 
properly positioned within the luminometer, a base Solution 
is added which results in a chemiluminescent detection 
reaction (“flash”). The “flash” effects a photomultiplier tube 
which counts photons from the “flash” and produces an 
electrical Signal. The Signal is processed by the central 
processing unit and an appropriate value reading is recorded. 
Deionized water is used for a System backing fluid and for 
many of the Washing Steps for typical assay protocols which 
are stored in a removable reservoir 30. A second removable 
reservoir 31 is located below the reservoir 30 for accepting 
all fluid waste. After each assay, the contents of the cuvette 
are aspirated from the cuvette and discharged into the fluid 
waste reservoir 31. The empty cuvette is then discarded into 
a waste receptacle 35. Acid reagent is Stored in a reservoir 
33 and base reagent is Stored in a reservoir 34. An example 
of an acid reagent which is Suitable for use with the present 
system is: 0.1N, HNOpH 1.0 with 0.5% peroxide. An 
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example of a base reagent which is Suitable for use with the 
present system is 0.25N.NaOH.pH 13, and ARQUAD. 
Variations in the concentration of the acid and base reagents 
may be required depending on the chemiluminescent label. 
The chemiluminescent label in the preferred embodiment is 
an acridinium ester 

Cuvette and Reagent Containers 

0194 Referring to FIGS. 4-8, the cuvette which is used 
as part of the automated analyzer of the present invention is 
generally indicated by the reference numeral 40. Cuvette 40 
is generally rectangular in cross-section and consists of a 
bottom wall 55, a pair of opposite broad side walls 56 and 
a pair of opposite narrow sidewalls 57. The cuvette 40 has 
an interior chamber which is accessed from a top opening 
69. A pair of flanges 58 extend outwardly from the broad 
sidewall 56 at the top of the cuvette. A pair of spaced teeth 
59 extend outwardly from each broadsidewall 56 just below 
the flange 58. The flanges 58 and teeth 59 are instrumental 
in enabling the cuvette to be conveyed and transported 
through the various subsystems of the machine 20, as will be 
described hereafter. The cuvette can be made of polypropy 
lene or polyethylene which have been found to produce a 
more even light distribution during the Subsequent flash in 
the luminometer than other polymers which have been tested 
Such as polystyrene. However, polypropylene has been 
found to be the preferred material for obtaining reliable 
results. 

0195 Referring to FIGS. 9-13, one of the two types of 
reagent containers which are utilized in the analyzer, is 
generally indicated by the reference numeral 60. The con 
tainer 60 is utilized for carrying a labeled reagent (tracer 
reagent) which is specific for certain test protocols and 
comprises a main body portion 64 which has an inner 
chamber 61, a threaded neck portion 65 and a top opening 
62 at the upper end of the neck portion 65 which opens into 
the chamber 61. A skirt 63 extends outwardly from a point 
below the neck 65 and extends downwardly to a point just 
below the main body portion 64. The skirt 63 is spaced from 
the main body portion 64 and consists of three flat sides and 
one rounded side. The skirt 63 enables the container 60 to be 
Securely mounted on the reagent transport means, described 
below. 

0196. FIGS. 14 and 15 illustrate a cover for a container 
including the reagent container 60 which is generally indi 
cated by the reference numeral 66 and includes a top wall 67 
which has a plurality of slits 68 which cross at the center of 
the top wall 67. The cover 66 is made of an elastomeric 
material Such as natural or Synthetic rubber which enables 
the cover to engage the top of the neck portion 65 of the 
container 60. The cover 66 reduces evaporation of reagent 
from the container 60 and the slits 68 enable a reagent 
aspirating and dispensing probe to penetrate the top wall 67 
to access the reagent fluid within the container. The slits 68 
all intersect at the center of the top wall 67 to form a plurality 
of pie-shaped flaps which converge at the center of the cover 
and give way when preSSure is applied to the center of the 
cover. The bottom of the cover 66 has an outer annular 
flange 70. 

0197 FIGS. 16-20 illustrate a second reagent container 
which is used with the analyzer and which is generally 
indicated by the reference numeral 75 for holding a solid 
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phase reagent. The container 75 has a generally cylindrical 
main body portion 76 which has an inner chamber 77 which 
extends to a top opening 78 above a threaded neck portion 
79. An annular skirt 80 extends outwardly from the main 
body portion 76 at a point just below the neck 79 and extends 
downwardly to a point below the main body portion 76, as 
shown most clearly in FIG. 19. A pair of fins 81 extend 
inwardly into the chamber 77 from the inner chamber wall 
as shown most clearly in FIGS. 17 and 20. The fins 81 are 
utilized for agitating the Solid phase reagent within the 
container in a manner described below in connection with 
the reagent transport System 27. The top opening 78 is also 
sealed by the cover 66 by inverting the cover so that the top 
wall 67 extends below the top opening 78 and inside of the 
neck portion 79 so that the flange 70 of the cover rests on top 
of the neck portion 79. 

Cuvette Feed and Orientation Mechanism 

0198 Referring to FIGS. 24-31, the cuvette feed and 
orientation mechanism 22 comprises a hopper which is 
generally indicated by the reference numeral 87, a feed 
conveyor which is generally indicated by the reference 
numeral 86, and an orientation chute which is generally 
indicated by the referee numeral 131. The hopper 87 is 
preferably made of an optically clear plastic material. This 
makes it easier for the operator to determine when the level 
of cuvettes in the hopper is low whereby the hopper requires 
additional cuvettes. In addition, the elements which are 
below the hopper, see FIG. 30. 
0199 Referring particularly to FIGS. 25, 26 and 30, the 
left side wall of the hopper has a vertical opening 88 and a 
pair of spaced outer flanges 89 which extend outwardly from 
the left side wall of the hopper on opposite sides of the 
opening 88, as shown most clearly in FIG. 25. An upper 
horizontal flange 83 extends outwardly from the left and rear 
side walls of the hopper. The forwardmost flange 89 has an 
opening 84 just below the top flange 83, as shown in FIG. 
25. Referring also to FIG. 24, a pair of elongated reinforcing 
plates 82 are fastened to the outer surfaces of the outer 
flanges 89 by bolts 91. The bolts 91 are also utilized to fast 
the hopper 87 to a pair of chain guide plates 90 which are 
mounted to a hopper feeder Support 92 which is, in turn, 
mounted on a base plate 93 by means of bolts 95. The chain 
guide plates 90 are separated by a plurality of tubular spacers 
97 through which the bolts 91 extend. A support bracket 94 
is also mounted on the base plate 93 and is fastened to the 
side of the hopper feeder support 92 as shown in FIG. 24. 
A Support bar 96 is also mounted to the outside of the rear 
most plate 90 by the bolts 91. A ball slide assembly 110 is 
mounted to the Support bar 96. A mixing bar mounting plate 
111 is mounted to the ball slide assembly 110. An endless 
conveyor chain 98 is located at the vertical side opening 88 
and extends around a lower idler Sprocket 101 and an upper 
drive sprocket 100. The sockets 100 and 101 are mounted on 
bushings 102 and are rotatively mounted on the hopper 
feeder Support 92. The upper drive sprocket 100 is driven by 
a stepper motor 103 which is mounted on the support 92. 
One section of the conveyor chain 98 is guided along 
grooves in the Outer longitudinal edges of the guide plate 90 
and is located between the inner Surfaces of the flanges 89 
which define the opening 88. A plurality of spaced bars 99 
are located on the outside of the conveyor chain 98 and Slant 
downwardly and forwardly toward the event conveyor. The 
chain 98 travels upwardly from the bottom of the hopper 87 



US 2005/0266570 A1 

at an angle from the vertical. An idler Sprocket shaft 112 
extends through the bushing 102 and rotates with the idler 
sprocket 101, see FIGS. 26 and 27. The forward end of the 
shaft 112 is fixed to a cam wheel 113 So that the cam wheel 
113 rotates with the idler sprocket 101 by means of a clamp 
114. A lever arm 115 is pivotally mounted on a shaft 116 
which is mounted in an adjusting fixture 117 which is 
located at a notch 118 in the left hand edge of the hopper 
feed support 92. The pivoted end of the lever arm 115 has a 
flanged bearing 122 which enables the lever to pivot freely 
on the shaft 116. The opposite end of the lever arm 115 has 
a slot 121 which receives a pin 120 of a slider block 109. The 
slider block 109 is fixed to the mixing block mounting plate 
111 and has an upper surface 123 which slants downwardly 
from back to front at the same angle as the bars 99. The 
mixing block 109 is parallel with the section of the conveyor 
98 which travels upwardly along the vertical opening 88 of 
the hopper and is located adjacent the bars 99. Aball bearing 
follower 119 is rotatively mounted on the lever arm 115 and 
rides in a cam slot, not shown, on the rear Side of the cam 
wheel 113. As the cam wheel 113 rotates with the idler 
sprocket 101, the lever arm 115 oscillates about the shaft 
116. The right hand end of the lever arm 115 as viewed in 
FIG. 24, moves up and down and in turn causes the mixing 
block 109 to move up and down. The timing of the upper 
movement of the block 109 is Such that the block moves 
upwardly at the same rate as the upward movement of the 
conveyor chain 98. The cuvettes are stored in the hopper 87 
in a random manner. The mixing block 109 serves two 
functions. The first function is to agitate the cuvettes within 
the hopper 87, and the Second function is to assist in guiding 
the cuvettes onto the bars 99, one cuvette per bar. As the 
cuvettes are carried upwardly by the bars 99, the ends of the 
cuvettes are guided by the inner Surfaces of the flanges 89 to 
maintain the cuvettes in position on the bars 99. As each 
cuvette reaches the opening 84, it slides forwardly along its 
respective bar 99 through the opening 84, see FIGS. 25 and 
27, in the forwardmost flange 89 and falls into the orienta 
tion chute 131. 

0200. The orientation chute 131, as viewed in FIGS. 24, 
27 and 30, consists of a left hand plate 129 and a right hand 
plate 132 which are connected together by screws 139 and 
held in a Spaced parallel relationship by a pair of Spacer 
blocks 133. Each plate 132 and 129 has an upper slide 
Surface 134 which define, therebetween, a slot 135 toward 
the event conveyor. The slide surfaces 134 extend at a 
downward angle from back to front and at a downward angle 
toward the slot 135. As each cuvette 40 falls through the 
opening 84 from the conveyor chain 98 to the orientation 
chute 131, the bottom end of the cuvette falls into the slot 
135 and the flanges 58 are supported on the slide surfaces 
134. This enables the cuvette 40 to slide down the Surfaces 
134 in a nearly upright orientation. The chute 131 is 
mounted to the hopper feeder Support 92 by a chute Support 
bracket 130. A chute end plate 136 is attached to the front 
edges of the plates 129 and 132 by screws 137. The plate 136 
stops the downward slide of the cuvettes 40. The end plate 
136 has a hole 147 for receiving a position sensor 148 which 
is mounted on a PC board 138. The PC board 138 is mounted 
on the plate 136 by fasteners 149. The forward end of each 
slide surface 134 has a flat upper surface 127 for receiving 
a flat spring 128 which helps to insure that the cuvette 
remains in the slot 135 when the cuvette strikes the end plate 
136. The forward end of the slot 135 has a widened portion 
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or access opening 141 which is slightly greater in width than 
the distance between the outer edges of flanges 58, see FIG. 
30. The access opening 141 between the plates 129 and 132 
enables the cuvette to fall between the plates into the 
orientation tube 140. The cuvette falls between a pair of 
opposed guide Surface 142 and 143 along the inwardly 
facing surfaces of the plates 129 and 132, respectively. The 
guide Surface 143 has an upwardly facing jutting Surface 
144. The guide surface 142 has a recessed portion 145 which 
forms a downwardly facing undercut surface 146. The 
undercut Surface 146 is opposed to the jutting Surface 144 of 
the plate 132. The orientation tube 140 has a top opening 150 
and a bottom opening 151 and extends from the bottom of 
the orientation chute 131 to the top of the preheater section 
38. When the cuvette falls into the access opening 141 at the 
end of the orientation chute, one of the flanges 58 of the 
cuvette strikes the jutting surface 144. This deflects the 
cuvette laterally toward the recessed portion 145 of the left 
hand plate 129. As the cuvette shifts laterally, the opposite 
flange of the cuvette strikes the recessed portion 145 just 
below the downwardly facing undercut surface 146. This 
traps the flange of the cuvette below the undercut portion 
146 and prevents the cuvette from accidentally flipping 
upside down when it reaches the end of the chute 131. The 
cuvette, thereafter, falls in an upright orientation along the 
guide surface 142 and 143 into the orientation tube 140 
through the top opening 150 and through the bottom opening 
151 into the preheater section 38. The orientation tube 140 
has a helical twist which causes the cuvette to rotate approxi 
mately 90° about its vertical axis so that when the cuvette 
falls into the preheater section 38, the broad sides 56 of the 
cuvette are forward and back as well as the flanges 58. 
0201 Referring to FIG. 29, the preheater section 38 
comprises a pair of spaced horizontal bars 158 and 159 
which define therebetween a vertical slot 160. Each of the 
bars 158 and 159 has a top edge 161. When a cuvette falls 
from the bottom of the orientation tube 140, the body of the 
cuvette falls into the slot 160 and the flanges 58 rest on the 
top edges 161. Plunger 19 is moved to its ended position into 
the slot 160 by the motor 25 from left to right as viewed in 
FIGS. 3, 32 and 33. The plunger 19 is moved from left to 
right a distance which is approximately or slightly more than 
a cuvette width which pushes all of the cuvettes in the 
preheater Section toward the cuvette dispense and incubation 
section 39. The plunger 19 is then retracted by the motor 25 
to allow a Subsequent cuvette to fall from the orientation 
tube 140 into the preheater section 38. The motor 25 is 
activated to reciprocate the plunger 19 once every twenty 
Seconds or when a test is requested. The cuvettes are 
deposited into the orientation tube 140 at a faster rate than 
they are pushed along the preheater Section 38 So that the 
tube 140 becomes full of cuvettes as generally shown in 
dotted lines in FIG. 29. The sensor 148 is a reflective object 
Sensor which indicates the presence of a Stationary cuvette 
when the tube is full. The sensor 148 forms part of the 
overall analyzer control System and is effective to Stop the 
motor 103 when the sensor senses a stationary cuvette at the 
top of the orientation tube. The software which is used to 
control the instrument keeps track of the cuvettes as they are 
Subsequently used out of the orientation tube and controls 
when the stepper motor 103 is reactivated. The preheater 
Section 38 contains a thermistor for controlling a pair of 
solid state DC driven thermoelectric modules (TEMs) which 
maintain the temperature of the preheater Section at a Set 
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temperature of 37 C. TEMs are also known as thermoelec 
tric cooling couples which are used to maintain a predeter 
mined temperature by transferring heat from one mass to 
another. The transfer of heat is reversed by reversing the 
direction of current flow. The machine framework provides 
a heat sink for the pre-heater section 38. When the tempera 
ture of the pre-heater Section is below the Set temperature, 
heat is transferred from the machine framework to the 
preheater section 38. When the set temperature of the 
pre-heater Section is above the Set temperature, as detected 
by the thermistor, the current through the TEMs is reversed 
and heat is transferred from the pre-heater section 38 to the 
machine framework. The cuvette dispense and incubation 
section 39 is also provided with a thermistor at two spaced 
Strategic locations. Each thermistor controls a pair of ther 
moelectric modules (also strategically placed) for maintain 
ing the cuvette temperature at 37 C. throughout the chem 
istry event line. In the particular embodiment shown, the 
preheater section 38 holds seventeen cuvettes and the 
cuvette dispense and incubation section 39 holds forty-five 
CuVetteS. 

0202) Referring particularly to FIGS. 32 and 33, the 
track Section 23 is shown in greater detail. The entire track 
Section, including the preheater Section 38 and the dispense 
and incubation section 39, is covered by a top plate 162 
which has a plurality of access openings at the dispense 
points 44, 45, 46 and 47. The plate 162 has an opening 186 
at the sample dispense point 44 as shown in FIG. 33A. The 
plate 162 has openings 187 and 188 for the reagent dispense 
points 45 and 46, respectively, as shown in FIG. 33B and an 
opening 189 for the reagent dispense point 47 as shown in 
FIG. 33C. 

0203 Referring particularly to FIG. 32A, the plunger 19 
(not shown) has a tab 154 which extends horizontally toward 
the motor 25. When the plunger is in the outer or retracted 
position, it extends between a pair of Spaced components of 
an interruption sensor 155. The sensor 155 has a photo 
transmitting portion which directs a beam toward a photo 
receiving portion. When the beam is interrupted by the tab 
154, a signal is transmitted to the CPU to indicate that the 
plunger is at the “home’ position. (After a predetermined 
time period or when another test is requested), the Stepper 
motor 25 is actuated for a predetermined number of Steps to 
move the plunger 19 a predetermined distance out to the 
extended position. The motor is then reversed to bring the 
plunger back until the sensor 155 is interrupted by the tab 
154 at the “home” position. All of the “interrupter” sensors 
described hereinafter are connected to the CPU through the 
machine controller board and operate in the same manner as 
the sensor 155. The cuvettes are pushed along the preheater 
Section 38 and into the cuvette dispense and incubation 
section 39, at which point they are positively conveyed by 
a pair of conveyor belts 167 and 168. Each of the conveyor 
belts 167 and 168 has a plurality of teeth 164 on one side of 
the belt for engaging the teeth 59 of the cuvettes. A stepper 
motor 42 has a drive shaft 181 which is rotated in a 
clockwise direction when viewed from the front. The belt 
168 is driven by the motor 42 through the toothed drive 
pulley 170 which is located between and below a pair of 
idler pulleys 171 and 179. The belt 168 extends over the 
pulley 179 to and around an idler pulley 178 at the beginning 
of the incubation section 39. The belt 168 then travels along 
the front edge of the incubation section 39 to an idler pulley 
172 at the end of the section 39 and then back over the idler 
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pulley 171 to the drive pulley 170. The teeth 164 of the belt 
168 face upwardly as the belt 168 extends around the drive 
pulley 170 and the idler pulleys 171 and 179 so that the teeth 
164 of the belt engage the teeth of the drive pulley 170. As 
the belt travels to the pulley 178, it gradually assumes a 
vertical orientation so that the teeth 164 face forwardly. As 
the belt extends around the pulley 178 and travels along the 
front edge of the dispense and incubation section 39, the 
teeth 164 face rearwardly and, thereby, engage the flanges 58 
of the cuvettes. The belt 168 continues in a vertical orien 
tation around the idler pulley 172 and gradually reassumes 
its horizontal orientation as it reaches the idler pulley 171. 
The pulleys 170 and 171 are rotatably mounted on horizon 
tal shafts 182 and 183, respectively. The pulleys 178 and 172 
are rotatably mounted on vertical shafts 180 and 184, 
respectively. The drive belt 167 is located on the rear side of 
the dispense and incubation Section 39 and is driven longi 
tudinally by a drive pulley 175 which is fixed to the drive 
shaft 181. The drive pulley 175 has external teeth 191 and 
is located between and below idler pulleys 174 and 176. The 
belt 167 extends over the idler pulley 176 which is rotatively 
mounted on the horizontal shaft 182 and around an idler 
pulley 177 which is rotatively mounted on a vertical shaft 
190. The belt 167 then extends along the back side of the 
cuvette dispense and incubation Section 39 to and around an 
idler pulley 173 which is rotatively mounted on a vertical 
shaft 185. The belt 167 then extends over the idler pulley 
174 which is rotatively mounted on the horizontal shaft 183 
and back to the drive pulley 175. The belt 167 has a plurality 
of teeth 193 on one side of the belt. The teeth 164 on the belt 
167 face upwardly as the belt 167 extends over the idler 
pulley 174 and under the drive pulley 175 and back up 
around the idler pulley 176. The teeth 193 of the belt 167 are 
in drive engagement with the teeth 191 of the drive pulley 
175. When the belt 167 travels between the pulley 176 and 
the pulley 177 it gradually assumes a vertical orientation So 
that the teeth 193 face forwardly as the belt travels along the 
aspiration and incubation section 39 to the idler pulley 173. 
As the inner sections of the belts 167 and 168 travel from left 
to right as viewed in FIGS. 32 and 33, the rearwardly facing 
teeth of the belt 168 and the forwardly facing teeth of the belt 
167 engage the flanges 58 of the cuvettes 40 to advance the 
cuvettes along the event track or dispense and incubation 
section 39 for a predetermined time period during the twenty 
Second System cycle. 

Sample Transport System 

0204. The sample transport system consists of a sixty 
position Sample tray for receiving Sample containers con 
taining test Samples, calibrators, controls, and diluents, a 
laser bar code reader, and a digital diluter. The Sample tray 
consists of two concentric rings, each capable of holding a 
mixed population of various tubes and Sample containers. 
The Outer ring can accommodate thirty-four Sample con 
tainers, the inner ring twenty-Six Sample containers. Each 
position has a Spring clip So that different sizes of Sample 
containers can be accommodated. The bar code reader 
recognizes Six versions of bar code language, and recognizes 
the identity of each bar coded sample and the identity of the 
bar coded tray. The operator may program the analyzer to 
automatically repeat any Sample whose initial test result 
exceeds a Selected range. Also, for most assays, the System 
will automatically dilute and re-assay any Sample above the 
range of the Standard curve, if desired. Various dilution 
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ratios are Selectable, based upon Sample size. The Sample 
aspirating and dispensing probe is specially coated and has 
capacitance level Sensing in order to recognize the Surface of 
the Sample. This insures that liquid is present in a Sample 
container before aspirating, as well as minimizing immer 
Sion into the test Sample. After each aspiration and dispens 
ing cycle, the inner and outer Surfaces of the probe are 
thoroughly washed with deionized water at a wash Station to 
minimize Sample carryover. 
0205 The sample transport system 26 is shown in FIGS. 
36-42. Referring first to FIGS. 38, 39 and 41, the transport 
System 26 includes a fixed base which is generally indicated 
by the reference numeral 211 and which is mounted in a 
fixed position on the machine framework in front of the 
cuvette dispense and incubation section 39. The fixed base 
211 includes an upper horizontal plate 212 and three 
descending legS 213, each with a horizontally and outwardly 
extending foot portion 214. Each foot portion 214 Supports 
a roller 247 which is rotatively mounted on a horizontal shaft 
215 for rotation about a horizontal axis. Each foot 214 also 
supports a roller 218 which is rotatively mounted on a 
vertical shaft 217 for rotation about a vertical axis. An 
electric stepper motor 219 is fixed to the bottom of the upper 
plate 212 and has a drive shaft 220 which extends through 
a hole 216 in the upper plate 212. Afriction drive wheel 221 
is fixed to the outer end of the shaft 220 for rotation 
there with. An inner tray, generally indicated by the reference 
numeral 222, and an Outer tray, generally indicated by the 
reference numeral 223, are rotatively mounted on the base 
211 for rotation independently of one another about a 
vertical axis 209. 

0206. The inner tray 222 includes an inner hub portion 
225 which is rotatively mounted on a vertical shaft 224 
which is fixed to the upper plate 212 and which extends 
along the vertical axis 209, see FIG. 38. The inner hub 
portion 225 has a downwardly extending annular flange 226 
which is in frictional engagement with the drive wheel 221. 
When the motor 219 is actuated, the drive wheel 221 is 
rotated by the shaft 220 which, in turn, rotates the inner hub 
portion 225 about the axis 209 due to the frictional engage 
ment of the roller 221 against the inner Surface of the annular 
flange 226. The inner hub 225 has an outwardly extending 
circular flange 208 at the bottom of the hub. The flange 208 
is rotatably supported on the rollers 297. The inner tray 222 
also includes an outer hub 227 which has an outer annular 
flange 228 which supports a plurality of receptacles 229 for 
Supporting a plurality of Sample containers, See FIG. 37. 
The receptacles 229 are arranged in a circle which is 
concentric with the axis 209. Each receptacle 229 has an 
outwardly facing opening 195. 

0207. The outer tray 223 includes a drive ring 230 which 
has an outer downwardly extending annular flange 231. The 
annular flange 231 has an inwardly facing annular groove 
232 for receiving the rollers 218 which support the drive ring 
230 for rotation about the axis 209. The drive ring 230 
Supports an outer ring 233 which contains a plurality of 
upwardly extending receptacles 234 for Supporting a plu 
rality of Sample containers. The receptacles234 are arranged 
in a circle which is concentric with the axis 209 and is 
located outside of the circle of receptacles 229 as shown in 
FIG. 37. Each receptacle 234 has an outwardly facing 
opening 260. Each of the receptacles 229 and 234 is at least 
partially lined with a metal plate 270 which has a plurality 
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of inwardly protruding resilient fingers 271. The fingers 
provide a Snug fit for a test tube or Sample container and 
enable test tubes of different diameters to be used and held 
securely. The plates 270 and fingers 271 also provide a 
ground connection to the metallic machine framework to 
provide one component of a capacitance level Sensing 
system to be described in a later section entitled: “SAMPLE 
PROBE TRANSPORT SYSTEM”. The outer tray 223 is 
rotated independently of the inner tray 222 by means of a 
stepper motor 235 which is fixed to a mounting plate 236 
which is, in turn, Supported on the framework of the 
machine. The stepper motor 235 has a drive shaft 237 which 
is fixed to a drive pulley 238. A pulley 239 is fixed to a 
vertical shaft 241 which is mounted for rotation on the plate 
236. The pulley 239 is driven from the pulley 238 by a 
timing belt 240. A drive wheel 242 is fixed to the pulley 239 
and is in frictional engagement with the outer Surface of the 
flange 231. When the motor 235 is activated, the roller 242 
is rotated about the axis of the shaft 241 which, through its 
frictional engagement with the Outer Surface of the flange 
231, causes the drive ring 230 to rotate about the axis 209. 
This rotation is totally independent of the rotation of the 
inner tray 222 by the stepper motor 219. 

0208 Referring to FIGS. 40 and 42, a PC board 245 is 
mounted to the machine base adjacent the Sample transport 
system 26. The PC board 245 Supports a plurality of 
interrupt Sensors for the inner and outer trays. The Sensors 
are arranged in two groups, an outer group for the outer ring, 
and an inner group for the inner ring. The outer group 
includes a pair of Spaced outer Sensors 246 and an inner 
home Sensor 266. The inner group includes a pair of inner 
sensors 244 and an inner home sensor 267. The outer ring 
230 has a single downwardly descending home tab 253 
which interrupts the beam of the home sensor 266 to 
determine a Starting position for the Outer ring at the 
beginning of a test or a Series of tests. A plurality of tabs 268 
extend downwardly from the drive ring 230 of the outer tray 
223 outside of the home tab 253 and extend in a circle about 
the axis 209. As the outer ring rotates about the axis 209, the 
tabs 268 pass through both sets of sensors 246. There is a tab 
268 for each sample position of the ring 230 so that each 
time that the ring is rotated one position, the beam in each 
of the Sensors 246 is interrupted to provide a Signal to the 
CPU to indicate that the outer tray 223 has moved one 
position. The distance between the two sensors 246 differs 
from the spacing between two adjacent tabs 268 so that the 
Sensors are not interrupted Simultaneously. This enables the 
control electronics to determine the direction of rotation of 
the ring 230. To position a particular bottle or sample 
container about the axis 209, a command is given to the 
Stepper motor 235 to move a number of Steps in a certain 
direction and acceleration. The optical interrupt Sensors 246 
count the number of positions moved by the drive ring 230 
to determine the final desired position of the ring. When the 
correct number of transitions have occurred, the Stepper 
motor 235 will move a calibrated number of steps past the 
transition point and Stop. This will be the final container 
positioning point. The CPU is programmed to move the ring 
230 and outer tray 223 in whichever direction will result in 
the Smallest amount of rotation of the ring for each new 
sample container position. A single “home” tab 259 extends 
downwardly from the inner tray 222 for interrupting the 
beam of the home sensor 267 to determine the starting or 
“home” position of the inner tray. A plurality of tabs 243 
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extend downwardly from the tray 222 outside of the “home” 
tab 269 and extend in a circle which concentric with the axis 
209. The tabs 243 interact with the interrupt sensors 244 for 
controlling the Stepper motor 219 and Selectively positioning 
the inner tray 222 in the same manner as the tabs 268 and 
Sensors 246 are utilized to Selectively position the outer tray 
223. The inner and outer trays are moved selectively and 
independently to position a specified predetermined Sample 
container to a predetermined pickup position for aspiration 
by the Sample aspirating and dispensing probe 24. Referring 
to FIG. 22, the pickup position for the outer tray is located 
at the opening 255 in the outer cover 257. The pickup 
position for the inner tray is located at the opening 256 in the 
outer cover 257. Abar code label is affixed to the outer wall 
of each Sample container. The label has a Specific bar code 
which identifies the test sample within the container. All of 
the information relating to the Sample, Such as the name of 
the patient and the tests which are to be performed with the 
Sample, are Stored within the memory of the central pro 
cessing unit. Referring to FIG. 22, a bar code reader 258 is 
located adjacent the Sample transport System 26 and has two 
lines of sight which are indicated by the dotted lines 259 and 
272. Prior to a run of tests, the receptacles in the inner and 
outer trays are charged with Sample containers each con 
taining its own Specific bar code which can be viewed 
through the openings 260 in the Outer parts of the receptacles 
234 and the clear plastic cover 257. The outer tray 223 is 
rotated about the axis 209 so that each sample container 
passes through the lines of sight 272 and 259 relative to the 
bar code reader 258 so that the bar code on each sample 
container can be read by the bar code reader. The energy 
beam from the transmitting portion of the bar code reader 
258 passes along the line of sight 272 and the beam is 
reflected back from the bar code label on the sample 
container along the line of sight 259 to the beam receiving 
portion of the bar code reader. The vertical openings 260 and 
the transparency of the outer cover 257 enable the bar codes 
on the samples to be “seen” by the bar code reader. This 
enables the identity of each Sample container to be corre 
lated with the position of the outer tray relative to a home 
position. After all of the Sample containers have been read 
by the bar code reader, the outer tray 223 is positioned so 
that a gap 261 in the circle of receptacles 234 is aligned with 
the lines of sight 259 and 272. This enables the bar codes on 
the Sample containers in the inner tray 222 to be exposed 
through openings 195 in the outer portions of the receptacles 
229 to the bar code reader 258. The inner tray 222 is rotated 
So that each Sample container in the inner tray passes 
through the lines of sight 259 and 272 so that the specific bar 
code of each Sample in the inner tray 222 is read by the bar 
code reader. This information is utilized by the central 
processing unit to correlate the position of each Sample 
container in the inner tray 222 relative to the home position 
of the inner tray. 
0209 Referring particularly to FIGS. 39 and 41, a con 
tact ring 250 is fastened to the drive ring 230 by a screw 262 
which also mounts a positioning key 263 to the drive ring 
230. A contact ring 252 is fastened to the upper wall of the 
hub 225 by a screw 264. Positioning key 265 is fixed to the 
hub 225 at the base of the flange 226. The metal grounding 
wire 248 is connected to the contact ring 252 and connected 
to the keys 265 and 263 by a connecting wire 249. These 
elements form part of the grounding System for grounding 
the fingers 271 to the machine framework. 
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0210. The bar code-labeled sample containers may be 
loaded in any order in the Sample tray. The analyzer will read 
all bar codes automatically, and identify the Sample and its 
position in the tray. If bar code labels are not used, a worklist 
printout is utilized, which directs placement of Samples in 
Specific Sample tray positions. 

Reagent Transport System 
0211 The reagent transport system or tray provides a 
carrier for twenty-six reagent bottles or containers, Sufficient 
for up to thirteen different assays. The inner portion is made 
to specifically accept the Solid-phase reagent containers, and 
periodically agitates these containers to maintain homoge 
neity of the Solid phase reagent. This mixing action is aided 
by the design of the reagent bottles, which have agitator fins 
molded into their inner walls. The tracer or labeled reagent 
bottles are also specially shaped to automatically orient the 
identifying bar code label affixed to the container, and are 
loaded into the Outer positions on the reagent tray. Reagents 
are bar code labeled. A reagent laser bar code reader records 
the loaded position of each specific reagent, including iden 
tity and lot number, making random loading permissible. 
Reagents may be loaded directly from refrigerated Storage, 
since they are warmed to 37 C. before dispensing. The three 
reagent aspirating and dispensing probes have capacitance 
level Sensing and may be programmed to make an initial 
reagent level check before Starting an assay run to insure that 
adequate reagent Volumes have been loaded to complete the 
scheduled worklist stored in the CPU. Reagent volumes 
used range from 50-450 u, depending on the assay, and 
Specific reagents may be added to the Sample in the cuvette 
at each of the three reagent probes, with incubation times of 
2.5 to 7.5 minutes, depending on optimal condition for 
Specific assayS. Reagent probes, like the Sample probes, are 
thoroughly washed with deionized water between dispens 
IngS. 

0212 Referring to FIGS. 43-49, the reagent transport 
System is generally indicated by the reference numeral 27. 
The reagent transport System 27 comprises a fixed Support 
ing base 286 which is fixed to the machine framework 283 
and an electric stepper motor 287 which is fixed to the 
Supporting base 286 by fasteners 282 and connecting rods 
285. The stepper motor 287 has a drive shaft 290 which is 
fixed to a motor hub 291 by a trantorque clamp 280. The 
drive shaft 290 is rotated about a vertical drive axis 293. The 
base of the motor hub 291 consists of a ring of upwardly 
facing gear teeth 292. The circular spill tray 288 has a central 
circular opening 289 and is fixed to the supporting base 286 
by a plurality of fasteners 279 so that the stepper motor 287 
extends upwardly through the opening 289. Referring to 
FIGS. 45 and 46, a support ring 294 is located concentri 
cally of the central vertical axis 293 and has a central 
circular opening 295 and a plurality of smaller openings 308 
which are arranged in a circle which is concentric with the 
axis 293. A reagent tray 296 is mounted on the support ring 
294 and contains a ring of inner pockets 297 and a ring of 
outer pockets 299. The pockets 297 and 299 are arranged in 
concentric circles about the axis 293. Each outer pocket 299 
contains a tubular Outer bottle or reagent container holder 
298 which is fixed to the pocket by a fastening disc 301. The 
connector 301 extends through an aperture 302 at the base 
of the pocket to the support ring 294 for fastening the 
reagent tray 296 to the ring 294 When a container 60 of 
labeled or tracer reagent is placed in the pocket 299, the 
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tubular holder 298 extends between the skirt 63 and the main 
body portion 64 as shown in FIG. 45. 

0213 Each inner pocket 297 contains an inner container 
holder 300. A fastening disc 303 bears against the bottom 
wall of the holder 300 and has a vertical shaft 304 which 
extends through an opening in the bottom wall of the holder. 
The fastening discs 301 and 303 are metallic and are 
grounded to the machine framework. The discs 301 and 303 
provide one component of a capacitance level Sensing 
System which is described in a following Section entitled 
“REAGENT PROBE TRANSPORTSYSTEM". A gear 306 
is fastened to the bottom of the holder 300 by a pair of 
screws 305 which also effectively clamp the fastening disc 
303 and the gear 306 against the bottom wall of the holder 
300. The bottom of the shaft 304 extends below the gear 306 
and into a pair of flanged bearings 307 which are mounted 
in one of the apertures 308 of the Support ring 294. This 
enables each holder 300 and its respective gear 306 to rotate 
about its own central longitudinal secondary axis 278. The 
gears 306 extend about a ring gear 309 and are in driving 
engagement with the outer teeth of the ring gear, See FIG. 
46. The ring gear 309 has a large central opening 277. A pair 
of pins 310 are fixed to the gear 309 and extend below the 
gear into driving engagement with the teeth of the ring gear 
292, see FIG. 45. Actuation of the stepper motor 287 causes 
the hub 291 in the ring gear 292 to rotate about the axis 293. 
This causes rotation of the ring gear 309 through the drive 
pins 310. The ring gear 309, in turn, drives all of the satellite 
gears 306 for rotating each bottle holder 300 about its 
respective secondary axis 278. The ring gear 309 is fully 
supported by the satellite gears 306. A plurality of retainers 
311 are fixed to the ring gear 309 and extend below the gear 
309 for straddling the inner edge of the support ring 294. The 
bottle holder 300 holds a solid phase bottle or reagent 
container 75. The side walls of the holder 300 has a plurality 
of vertical slots 276 which form a plurality of resilient 
fingers 274 which extend between the main body 76 and the 
skirt 80 of the reagent bottle or reagent container 75 for 
holding the reagent container 75 in a friction fit. The stepper 
motor 287 is reversible and controlled by the central pro 
cessing unit to oscillate the drive shaft 290 at predetermined 
intervals. Each of the bottle holders 300 is adapted to receive 
a solid phase reagent container 75. The oscillations of the 
holder 300 provide the necessary motion to the reagent 
container 75 for enabling the fins 81 to agitate the solid 
phase reagent solution within the bottle 75 and, thereby, 
maintain a uniform concentration of the Solid phase ele 
ments within the Solution. Each of the bottle holders 298 is 
adapted to receive a labeled reagent container 60 which does 
not require agitation. Referring particularly to FIGS. 45 and 
47, a ring gear 312 encircles the spill tray 288 and is 
mounted for rotation on the Supporting base 286 about the 
axis 293. The lower part of ring gear 312 has an inwardly 
facing V-shaped bead 275 which engages a plurality of 
V-guide wheels 323 which support the ring 312 for rotation 
about the axis 293. Each wheel323 is rotatively mounted on 
a vertical shaft 324 which is fixed to the base 286. The ring 
gear 312 Supports the Support ring 294 and the reagent tray 
296. Referring also to FIGS. 48 and 49, part of the ring gear 
312 has an annular flange which is opposite the V-shaped 
beads 275 and contains a ring of outwardly facing gear teeth 
329 which are in driving engagement with an idler gear 319 
which is keyed to a vertical shaft 320. The shaft 320 is 
rotatively mounted in flanged bearingS 321 which are Sup 
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ported on flanges 322 of a motor mount 314. The motor 
mount 314 has a circular bore 316 which contains a drive 
gear 318 which is fixed to the drive shaft 317 of a stepper 
motor 315. The stepper motor 315 is fixed to the motor 
mount 314. The wall of the bore 316 of the motor mount 314 
has a lateral opening which enables the drive gear 318 to 
engage the idler gear 319. Actuation of the motor 315 causes 
the drive gear 318 to drive the ring gear 312 through the idler 
gear 318 about the vertical axis 293. The inner and outer 
pockets 297 and 299, respectively, are enclosed within a 
clear stationary plastic covers 327. The cover 327 has a 
plurality of openings 328,338,339,340,341, and 342 which 
provide access to the bottles within the pockets 297 and 299 
by reagent aspirating and dispensing probes to be described 
in a later section, see FIG. 22. 

0214) Referring to FIG. 47, a PC board 330 contains a 
pair of interrupter sensors 331 and 336 and a photo reflector 
sensor, not shown; which is located beneath the sensors 331 
and 336. The optical reflector sensor has a beam transmitting 
portion and beam receiving portion. If a beam from the 
transmitting portion Strikes a reflective Surface, the beam is 
reflected back to the receiving portion of the sensor. When 
the beam is not reflected back, the Sensor generates a signal 
to the CPU. The PC board 330 is mounted to the base plate 
286 so that the sensor optical reflector faces outwardly 
toward the ring 312. The beam from the transmitting portion 
of the beam reflector sensor strikes the ring 312 and is 
reflected back to the beam receiving portion of the sensor. 
The ring 312 has an aperture 326, see FIG. 49, which is at 
the same level as the beam from the photo reflector Sensor. 
At the beginning of a testing Sequence, the ring 312 is 
rotated about the axis 293 until the beam of the photo 
reflector sensor is aligned with the aperture 326. When this 
occurs, the beam passes through the aperture and is not 
reflected back to the sensor. The absence of the reflected 
beam initiates a signal to the CPU to indicate the “home” or 
Starting position of the reagent tray at the beginning of a 
series of tests. Referring to FIG. 47, the ring 312 has a 
plurality of tabs 334 which extend inwardly from the ring 
312 and which pass between the two spaced elements of 
each interrupter sensor 331 and 336 for interrupting a beam 
from each optical Sensor which provides feedback to the 
control electronics for reagent bottle positioning. There is a 
tab for each reagent bottle position in the tray 296 so that 
each time that the ring is rotated one position, the beam in 
each of the sensors 331 and 336 is interrupted to provide a 
signal to the CPU to indicate that the tray has moved one 
position. The distance between the two Sensors is less than 
the spacing between two adjacent tabs 334 So that the 
sensors 331 and 336 are not interrupted simultaneously. This 
enables the CPU to determine the direction of rotation of the 
reagent tray. To position a particular bottle or container to a 
reagent probe pickup or aspiration position, a command is 
given to the stepper motor 315 to move a fixed number of 
Steps in a certain direction. This causes the reagent tray 296 
to rotate along with the tabs at the bottom of the drive ring 
312. The sensors 331 and 336 counts the number of tab 
transitions and determines the position of the reagent tray 
296. When the correct number of transitions have occurred, 
the stepper motor 315 will move a calibrated number of 
StepS past the transition point and Stop. The bottle containing 
the designated reagent will thereby be positioned at the 
predetermined pickup point for one of the reagent probes. 
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0215. A photo reflective sensor 337 is mounted on the 
plate 286 and directs a light beam upwardly. The motor hub 
291 has a bottom reflective surface which has a plurality of 
spaced apertures. As the hub 291 oscillates, the beam from 
the sensor 337 is alternately reflected back to the sensor by 
the bottom reflective surface of the hub and absorbed by the 
apertures in the bottom Surface. This provides appropriate 
signals to the CPU to indicate that the hub is being oscillated 
at predetermined intervals. 
0216 Each reagent container has a bar code label affixed 
to its outer Skirt portion. The label contains a Specific bar 
code which identifies the reagent within the container. The 
information relating to all of the reagents in the bar codes 
asSociated with the reagents are Stored within the memory of 
the central processing unit. Referring to FIGS. 43 and 22, 
a bar code reader 332 is located adjacent the reagent 
transport system 27. The bar code reader 332 transmits an 
energy beam along a line of Sight which is indicated by the 
dotted line 333. The beam is reflected back go the bar code 
reader 332 from the bar code label along a line of sight 
which is indicated by the dotted line 344. The return beam 
along the line of Sight 344 is received by the beam receiving 
portion of the bar code reader. The bar code in the preferred 
embodiment is printed on the label for each reagent bottle in 
a vertical direction. The inner pockets 297 and outer pockets 
299 are Staggered with respect to each other. AS the reagent 
tray 27 is rotated about the axis 293 by the stepper motor 
315, the inner and outer pockets alternately pass through the 
lines of sight 333 and 334 of the bar code reader 332. The 
Stepper motor 287 is also utilized during the initial reading 
of reagent container bar codes prior to a run of tests. 
Referring to FIGS. 43 and 46, there is a relatively large 
space between each outer pocket 299. Each inner pocket 297 
is horizontally aligned with the Space between two adjacent 
pockets 299. A vertical wall 335 which separates the inner 
and outer pockets 297 and 299, respectively, has a relatively 
large opening 328 at each space between outer pockets 299 
So that each reagent container is exposed to the line of Sight 
of the bar code reader when the container is rotated about the 
axis 293 by the stepper motor 315. As the reagent tray 27 is 
rotated about the axis 293, each reagent container or bottle 
in the ring of inner pockets 297 is given one and one-half 
revolutions per pass of a reagent container 75 through the 
lines of sight 333 and 334 to insure that the bar code is 
exposed to the reader. The bar codes on the bottles in the 
inner and Outer pockets can be read by the bar code reader 
332 through the clear plastic cover 327. 
0217. The operator loads required assay reagents, in 
original bar code-labeled bottles, into the reagent tray in any 
order; solid-phase reagents on the inner bottle holders 300, 
labeled or tracer reagents on the outer bottle holders 298. 
Due to the design of the reagent bottles, it is not possible to 
mis-load reagents. The analyzer will read all bar codes 
before initiating a run, identifying each reagent, its position, 
its lot number and expiration date. If greater than 50 tests of 
a specific assay has been requested in the worklist, multiple 
bottles of the necessary reagents may be loaded on the 
reagent tray and the analyzer will access them Sequentially, 
as needed. 

Sample Probe Transport System 

0218. Referring to FIGS. 50-59 and first to FIGS.54 and 
55, the Sample probe transport System 24 comprises a fixed 
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upper horizontal Support plate 357, and a Sample probe 
Supporting carriage, generally indicated by the reference 
numeral 363, which is mounted for horizontal back and forth 
movement relative to the Supporting plate 357. The Support 
plate 357 has an opening 366. APC board 358 is fixed to the 
upper surface of the plate 357 by screws 359. The under 
surface of the PC board has a plurality of electrical junctions 
J1, J2, J3, J4 and J5 which extend into the opening 366. A 
vertical bracket 364 is fixed to the underside of the plate 357 
at the rear end of the plate. An electrical stepper motor 365 
is fixed to the forward side of the bracket 364 and has a drive 
shaft 369 which is rotatable about a horizontal axis. A lead 
screw 371 is fixed to the drive shaft 369 through a drive 
coupling 370 and extends through a roll nut 409 which is 
fixed within a bore 408 of a block 372. (See also FIG. 58.) 
The block 372 is mounted in a yoke 373 between a pair of 
upper and lower dowel pins 374. The dowel pins 374 enable 
the block 372 to pivot about a vertical axis to compensate for 
slight misalignments between the block 372 and the lead 
screw 371. The block 372 has a laterally extending horizon 
tal shaft 375 which is mounted to the carriage 363 in a 
manner described herein below. 

0219. A guide bracket 360 is fixed to the underside of the 
plate 357 by the screws 359 and has a downwardly facing 
horizontal groove 361. A carriage Supporting bar 362 is 
slidably mounted in the groove 361. The carriage 363 is 
fixed to the sliding bar 362 by a screw 391 and an anti pivot 
rod 387 which has a threaded upper end. The carriage 363 
includes a forwardly facing vertical wall 376, a top hori 
Zontal wall 377 and a lower horizontal wall 378. The top 
wall 377 has an aperture 389 and the bottom wall 378 has an 
aperture 388. The anti pivot rod 387 extends freely through 
the apertures 388 and 389 and is threaded into the block 362. 
Referring also to FIG. 56, the wall 376 has a horizontal bore 
379 which has a bearing 380 at each end of the bore. The 
shaft 375 of the yoke 373 extends through the bore 379 
within the bearings 380. A vertical lead screw 385 is 
rotatably mounted in upper and lower bearings 383 and 384, 
respectively, in the upper and lower walls 377 and 378, 
respectively. The lower end of the lead screw 385 extends 
below the bottom wall 378 and is fixed to a pulley 386. An 
electrical stepper motor 394 is fixed to the underside of a 
rearwardly extending horizontal flange 393 of the carriage 
363. The stepper motor 394 has a vertical drive shaft 395 
which is fixed to a pulley 396, see also FIG. 57. The pulley 
396 is drivingly connect to the pulley 386 through a timing 
belt 397. The inner surface of the timing belt 397 has a 
plurality of teeth for engaging corresponding teeth on the 
drive pulleys 396 and 386, (teeth not shown). A lead screw 
follower 401 is positioned between the walls 377 and 378 
and has a vertical bore 403 and a vertical bore 404 which 
contains a roll nut 405 (see also FIG. 59). The anti pivot rod 
387 extends freely through the bore 403 and the lead screw 
385 extends through the roll nut 405. The roll nut 405 is 
fixed relative to the follower 401 So that as the lead Screw 
385 is rotated about its vertical axis, the follower 401 moves 
along the central longitudinal axis of the lead screw 385 
relative to the walls 377 and 378. A probe holding arm 402 
is fixed to the forward end of the follower 401 and carries an 
aspirating and dispensing Sample probe 407. 
0220 APC board 398 is fixed to the carriage 363 and has 
an electrical connector 399 which is connected to the 
electrical junction J2. The stepper motor 394 has a connector 
400 which is connected to the electrical junction J4. The 
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stepper motor 365 has a connector 368 which is connected 
to the junction J5. The probe Supporting arm 402 has a PC 
board 406 which is connected to a connector 411 through a 
flexible ribbon 421. The connector is connected to junction 
420 of the PC board 398. 

0221) The stepper motor 365 is reversible. When the lead 
screw 371 is rotated in one direction, the carriage 363 moves 
rearwardly along the central longitudinal axis of the lead 
Screw 371 toward the flat bracket 364. This causes the 
carriage 363 and the sample probe 407 to move from a 
forward position to a rearward position relative to the 
sample tray. When the stepper motor 365 is reversed, the 
lead screw 371 is rotated in the opposite direction. This 
causes the carriage 363 to move forwardly and, thereby, 
move the sample probe 407 from its rearward position to one 
of two forward pickup positions above the Sample tray. The 
sample probe 407 can also be positioned in intermediate 
positions between rearward and forward positions, as for 
example, above the wash station 18. The motor 394 is also 
reversible. Rotation of the lead screw 385 in one direction 
causes the follower 401 and the arm 402 to move upwardly. 
Rotation of the lead screw 385 in the opposite direction, 
causes the follower 401 and the arm 402 to move down 
Wardly. The Sample aspirating and dispensing probe 407 is 
moved forwardly when it is in the upper position until it 
reaches one of the Sample pickup or aspiration positions 
above the Sample tray and is then moved downwardly to 
pick up a volume of a sample. The probe 407 is then moved 
to the upper position and returned to a point above the wash 
Station, whereupon it is moved downwardly again for a wash 
cycle, or to its rearward position above one of the cuvettes, 
whereupon it is lowered into the cuvette for depositing the 
sample volume into the cuvette. The stepper motors 394 and 
365 are capable of making very precise Step-by-step motions 
for very precise horizontal and vertical positioning of the 
sample probe 407. 
0222 Referring to FIGS.54 and 56, a plurality of spaced 
tabs 410 extend upwardly from the carriage 363 from front 
to back on one side of the carriage. A single “home” tab 415 
extends upwardly from the carriage 363 on the opposite side 
of the carriage. When the carriage 363 reaches its rearward 
“home” position, the tab 415 passes between the elements of 
an interrupt sensor 413 which extends downwardly from the 
support plate 357. The tab 415 interrupts a light beam 
between the two elements of the sensor 413 which initiates 
a signal to the CPU that the carriage has reached its “home” 
position and the sample probe 407 is directly above a cuvette 
at the Sample dispense point 44. The upper portion of the 
probe carrying arm 401 is determined by an interrupt Sensor 
416 which is fixed to the PC board 398. The PC board is 
fixed to the carriage 363 so that it extends horizontally 
toward the probe carrying arm 401, see FIGS. 50 and 56. 
The follower 401 has a tab 355 which extends toward the 
Sensor 416. The tab 355 cannot be seen in FIGS. 54 and 56 
since it is located on the hidden side of the follower 401, but 
is indicated by dotted lines in FIG. 53. When the follower 
401 reaches the upper position, the tab 355 passes between 
the two elements of the sensor 416 and interrupts a light 
beam. The interruption of the light beam provides a signal to 
the CPU to indicate that the follower 401 and the probe 407 
have reached the upper position. This insures that the 
carriage 363 can be safely moved to a new horizontal 
position at a predetermined point of time in the operating 
cycle, whereupon the motor 365 is given pulses for a 
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predetermined number of half Steps. At the appropriate time, 
the motor 394 is activated to move the arm 401 and the probe 
407 downwardly. For each sample pickup cycle, the motor 
365 is actuated for a predetermined number of half steps to 
move the carriage forwardly with the probe 407 in the upper 
position from the home position until the probe 407 is above 
the wash station 18. The motor 394 is actuated for a 
predetermined number of half steps to lower the probe 407 
into the wash station 18 for a wash cycle. The probe 407 is 
then raised by reversing the stepper motor 394 for a prede 
termined number of half steps. The motor 365 is actuated for 
a predetermined number of half Steps to move the carriage 
363 forwardly until the probe 407 is above the opening 255 
or the opening 256 in the outer cover 257 of the sample 
transport system. The motor 394 is actuated to move the 
follower 401 together with the arm 402 downwardly to 
lower the probe 407 into the sample container which is 
located beneath whichever of the openings 256 or 255 which 
is vertically aligned with the probe 407. The lower position 
of the sample probe 407 is determined by a capacitance fluid 
Sensing System. The capacitance fluid Sensing is a function 
of a signal change occurring through two conductive mate 
rials such as the metal probe 407 and ground fluid and one 
nonconductive material Such as air or plastic/glass Sample 
container. When the probe is in the upper position, the 
probe's reference current is measured, as the probe moves 
downwardly Seeking fluid, an increase in Signal indicates the 
presence of fluid. When fluid is detected, the motor 394 is 
actuated for a predetermined number of half steps to move 
the probe 407 a predetermined distance below the meniscus 
of the fluid. This distance is determined by the amount of 
fluid to be aspirated, a large Volume requiring a deeper 
penetration of the probe than a Smaller Volume. After 
aspiration of a volume of sample by the probe 407, the probe 
is raised to its upper position, whereupon the motor 365 is 
actuated for a predetermined number of half steps to move 
the carriage 363 rearwardly to its “home” position so that the 
probe 407 is directly above the sample dispense point 44. 
The motor 394 is actuated for a predetermined number of 
half steps to lower the probe 407 in the cuvette which is 
located beneath the dispense point 44. The quantity of 
sample is then dispensed by the probe 407 into the cuvette. 
The probe 407 is raised to its upper position to begin another 
cycle. AS the carriage moves between the “home” and 
forward positions, the tabs 410 pass between the elements of 
an interrupt sensor 412. The tabs 410 are positioned so that 
when the carriage Stops at a forward position for a Sample 
pickup or a wash cycle, none of the tabs 410 will interrupt 
the light beam which passes from one element of the Sensor 
412 to the other. The light beam will pass through one of the 
spaces between the tabs 410 or outside of the outer edge of 
one of the tabs when the probe is properly positioned. If the 
probe is not properly positioned, due to a malfunction in the 
system, one of the tabs 410 will interrupt the light beam and 
a signal will be sent to the CPU to stop the machine. This 
will prevent the lowering of an improperly positioned probe 
and Subsequent breaking of the probe. 

0223 For most test protocols, the sample probe will 
make one forward Stop after the wash cycle to pick up a 
Volume of Sample from either the Outer tray or the inner tray. 
In Some cases, the Sample probe Stops at both of the 
openings 255 and 256 to pick up a volume of diluent as well 
as a volume of Sample. The diluent is generally a protein 
based Solution which is used to dilute a patient Sample when 
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an original test result is beyond a test curve range. The type 
of diluent used should correspond to the type of assay being 
performed by the analyzer. Diluent Solutions are normally 
placed in the inner tray. The Sample probe picks up the 
diluent before picking up the test Sample as to avoid con 
taminating the diluent with Sample. Other treatment liquid 
materials which are Sometimes picked up with a Sample 
Solution are pretreatment agents and releasing agents. A 
releasing agent is Sometimes mixed with the Sample for the 
purpose of Separating the analyte from another molecule and 
rendering it available for reaction. A pre-treatment agent is 
a Solution which is mixed and incubated with the test Sample 
to protect the analyte from a releasing agent. 

Reagent Probe Transport System 
0224. The reagent probe transport system is shown in 
FIGS. 60-72. Referring first to FIGS. 60-63, the reagent 
probe transport System is generally indicated by the refer 
ence numeral 440 and includes the reagent probe transport 
systems R1,R2 and R3. The system 440 comprises an upper 
horizontal support plate 441 which has openings 442, 443, 
444 and 445. A PC board 446 is fixed to the upper surface 
of the plate 441 and has a plurality of interrupter Sensors on 
the underSurface of the PC board which extend into the 
openings 442, 443, 444 and 445. Interrupter sensors 448, 
449, 450 and 451 extend into the opening 442. Interrupter 
sensor 452 extends into the opening 443. Interrupter sensor 
453 extends into the opening 444 and interrupter sensors 454 
and 453 extend into the opening 445. A plurality of electrical 
junctions are also mounted on the other side of the PC board 
446 and are accessible through the openings 442, 443, 444 
and 445. Junctions J11 and J12 are accessible through the 
opening 442. The junctions J13, J14 and 115 are accessible 
through the opening 443. Junctions J16, J17, J18 and J19 are 
accessible through the opening 444. Junctions J20, J21 and 
J22 are accessible through the opening 445. Three horizontal 
guide brackets 455, 457 and 459 are fixed to the underside 
of the support plate 441. The guide brackets 455, 457 and 
459 have elongated horizontal grooves 456, 458 and 460, 
respectively. Elongated carriage Supporting guide barS 461, 
462 and 463 are slidably mounted in the grooves 456, 458 
and 460, respectively. The guide bar 461 is fixed to a reagent 
probe Supporting carriage which is generally indicated by 
the reference numeral 464 and which forms part of the 
reagent probe transport System R1. The carriage Supporting 
Slide bar 462 is fixed to a reagent probe Supporting carriage 
which is generally indicated by the reference numeral 465 
and which forms part of the reagent probe transport System 
R2. The carriage supporting slide bar 463 is fixed to a 
reagent probe Supporting carriage which is generally indi 
cated by the reference numeral 466 and which forms part of 
the reagent probe transport system R3. Slide bars 461, 462 
and 463 enable the carriages 464, 465 and 466 to move 
forwardly and rearwardly relative to the Support plate 441. 

0225. A flat vertical rear bracket 467 is fixed to the back 
end of the Support plate 441 and extends downwardly from 
the under Surface of the Support plate. A plurality of Stepper 
motors 468, 469, 470 and 471 are fixed to the front side of 
the plate 467. The stepper motors 468, 469, 470 and 471 
have forwardly extending and horizontal drive shafts 472, 
473, 474 and 475, respectively. The motors 468, 469, 470 
and 471 have electrical connectors 476, 477, 478 and 479, 
respectively, which are connected to the electrical junctions 
J10, J12, J20 and J18, respectively, on the PC board 446. A 
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bracket 480 is connected to the right side of the Support plate 
441 as viewed in FIG. 63 and fixedly supports a horizontal 
slide bar 481 which is slidably mounted in the horizontal 
groove 482 of a guide bracket 483. The guide bracket 483 is 
fixed to a guide rail 487 which is fixed to the framework of 
the machine. A horizontally extending slide bar 484 is fixed 
to the left side of the support plate 441 as viewed in FIG. 63 
and is slidably mounted in a horizontal groove 485 in a guide 
bracket 486. The guide bracket 486 is fixed to an upwardly 
extending arm of a U-shaped bracket 488 which is fixed to 
a guide rail 489. The guide rail 489 is, in turn, fixed to the 
machine framework. Brackets 483 and 486 are fixed relative 
to the machine frame and the slide bars 484 and 481 are fixed 
to the support plate 441. The Support plate 441 is able to 
move forwardly and rearwardly between the guide brackets 
486 and 483, along with the carriages 464, 465 and 466 
which are Supported from the underside of the Support plate 
441. 

0226. The forward and backward motion of the Support 
plate 441 is provided by the stepper motor 469. The drive 
shaft 473 of the motor 469 is fixed to a horizontally 
extending lead screw 490 through a coupling 491 (See also 
FIG. 67). The lead screw 490 extends through a roll nut 497 
which is located in a bore 492 of a block 493 The block 493 
is pivotally mounted between the parallel arms of a yoke 494 
by means of a pair of upper and lower dowel pins 495 which 
extend into a bore 435 of the block 493. The roll nut 497 is 
fixed to the block 493 so that as the lead Screw 490 is rotated, 
the block 493 moves along the central longitudinal axis of 
the lead screw. The pivoting motion of the block 493 along 
the longitudinal axis of the bore 435 within the yoke 494 
compensates for any possible misalignments between the 
block. 493 and the lead screw 490. The yoke 494 has a shaft 
496 which extends upwardly through a tubular follower 
guide 437 which is located in an aperture 439 in a bottom 
wall 438 of the U-shaped bracket 488, see FIG. 63. The 
shaft 496 rides in a pair of bearings 436 at opposite ends of 
the follower guide 437. When the lead screw 490 is rotated 
upon actuation of the motor 469, there is relative motion 
between the block 493 and the lead screw 490 along the 
longitudinal axis of the lead screw. Since the block 493 is 
fixed relative to the machine framework, this motion causes 
the lead screw 490 and the motor 469 to move relative to the 
machine framework, which, in turn, causes the Support plate 
441 to move forwardly or backwardly, depending upon the 
rotation of the lead screw 490. 

0227. The forward position of the plate 441 is the normal 
operating position for the reagent probe transport Systems 
R1, R2 and R3 which are carried by the plate 441. In this 
normal operating position, the reagent aspirating and dis 
pensing probes for each of the systems R1,R2 and R3 move 
forwardly and rearwardly between a rearward “home” posi 
tion in which the probe is above a corresponding reagent 
dispense point and a forward aspirating position in which the 
probe is above a corresponding opening in the cover 327 of 
the reagent transport System. The plate 441 is moved to the 
rearward position between test runs in order to position the 
guard which extends in front of the reagent probe transport 
systems in back to the cover 327 of the reagent trays to 
enable the cover to be removed for replacement of the 
reagent containers. The forward and rearward positions of 
the plate 441 are determined by the sensors 448 and 450 and 
a tab 431 which extends upwardly from the bracket 488. 
When the plate 441 reaches its rearward position, the tab 431 



US 2005/0266570 A1 

passes between the elements of the sensor 450 to interrupt a 
light beam and provide a signal to the CPU that the plate 441 
is properly positioned at the rearward position of the plate. 
When the plate 441 is in its forward position, the tab 431 is 
located between the elements of the sensor 449 So that the 
beam which passes from one element to the other is inter 
rupted to provide an electrical signal to the CPU that the 
plate is properly positioned in its forward position. 
0228) Referring particularly to FIGS. 63 and 64, the 
carriage 464 of the reagent probe transport System R1 
includes a rear vertical wall 508 which has a horizontal bore 
511, a top wall 509, which has a vertical bore 514 and a 
bottom wall 510 which has a vertical bore 515. A bearing 
517 is located in the bore 515 and a bearing 521 is located 
in the vertical bore 514. A mounting guide 518 is fixed to the 
wall 508 and has a cylindrical portion 516 which extends 
into the bore 511. A horizontal bore 513 extends through the 
mounting guide 518 and there is a pair of bearings 427 at 
each end of the bore 513. A lead Screw 499 is fixed to the 
drive shaft 472 of the motor 468 by a coupling 500. The lead 
screw 499 extends through a roll nut 501 in a bore 502 of a 
block 503. The block 503 is pivotally mounted between a 
pair of parallel arms of a yoke 506 in the identical manner 
as the mounting of the block 493 in the yoke 494 as shown 
in FIG. 67. The yoke 506 has a laterally extending shaft 507 
which is supported within the bearings 4279 and extends 
though the bore 513 of the follower guide 518. Since the roll 
nut 501 is fixed to the block 503, rotation of the lead screw 
499 upon the actuation of the motor 468, causes the block 
503 to move axially along the lead screw 499. This causes 
the carriage 464 to move forwardly or rearwardly relative to 
the Support plate 441, depending on the direction of rotation 
of the lead Screw 499. 

0229) Referring also to FIG.72, a probe holding arm 519 
is mounted to a follower guide 505. The follower guide 505 
has a horizontal bore 520 which contains a roll nut 521 
which is located between and in axial alignment with the 
bearings 521 and 517 in the upper and lower walls 509 and 
510, respectively, see FIG. 64. The lead screw follower 505 
has a tab. 433 which is slidably mounted in a vertical groove 
432 of a vertical post 522, see FIGS. 64 and 70. The post 
522 has a lower horizontal flange 512 which is located below 
the bottom wall 510. The flange 512 has a bore 523 which 
is vertically aligned with the bore 515. The upper end of the 
post 522 is fixed to a gear segment 524 which has a bore 525. 
The gear segment 524 has gear teeth 526 which extend 
radially about the center of the bore 525. The gear segment 
524 is located above the top wall 509 so that the bore 525 
is in axial alignment with the bore 514. The teeth of the gear 
segment 524 are in driving engagement with the teeth 631 of 
a horizontal plate 629 which is fixed to the plate 444 as 
shown in FIG. 60. When the carriage 464 is in its rear 
position, the probe holding arm 519 faces to the left as 
viewed in FIG. 60. As the carriage 464 moves forwardly, the 
gear Segment 524 rotates about the Vertical axis of the lead 
screw 527. This causes the probe Supporting arm 519 to 
rotate approximately 90 from the leftwardly facing position 
as shown in FIGS. 60 and 62 to a forwardly facing position. 
Referring to FIG. 22, this causes the probe 535 to move 
along a curved path which is indicated by the dot and dash 
line 428. The line 428 intersects the vertical axes of the 
dispensing point 45, wash station 15 and the openings 329 
and 338 in the clear plastic cover 327 of the reagent tray as 
shown in FIG. 22. 
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0230. A stepper motor 528 is fixed to a rearwardly 
extending horizontal flange 529 of the carriage 464. The 
motor 528 has a downwardly extending drive shaft 530 
which is fixed to a pulley 531. A vertical lead screw 527 is 
rotatably mounted within the bearings 521 and 517 and is 
drivingly engaged with the bushing 521 of the follower 505. 
The leadscrew 527 extends through the bores 523 and below 
the flange 512. The lower end of the lead screw 527 is fixed 
to a pulley 533, which is drivingly connected to the pulley 
531 through a timing belt 532. The inner surface of the 
timing belt 532 has a plurality of teeth which engage 
corresponding teeth on the pulleys 533 and 531 to provide 
a precise predetermined degree of rotation of the pulley 533 
for each driving step of the stepper motor 528 (teeth not 
shown). When the stepper motor 528 is actuated for rotating 
the lead screw 527 in one direction, the probe holding arm 
519 is moved upwardly. When the lead screw 527 is rotated 
in the opposite direction, the probe holding arm 519 is 
moved downwardly relative to the upper and lower walls 
509 and 510 and the post 522. 
0231. An interrupt sensor 571 is located at the top of the 
groove 432. When the probe holding arm 519 is moved to its 
upper position, a beam in the Sensor 571 is interrupted to 
provide an electrical signal to the CPU that the probe 535 is 
properly positioned in its upper position. The Sensor 571 is 
mounted on a PC board 537 which is attached to the post 
522, see FIG. 64. A connector 540 connects the PC board 
537 to the junction J15 of the PC board 537. 
0232 Referring to FIG.72, a PC board 534 is fixed to the 
probe holding arm 519. The arm 519 also supports a first 
reagent probe 535, see FIG. 62. Referring to FIG. 64, a 
bracket 538 is fixed to the upper wall 509 of the carriage 464 
and has a plurality of upwardly extending tabs 536 for 
interacting with interrupt sensors 451 and 449 on PC board 
446. The sensor 451 is a “home” sensor which provides a 
signal to the CPU when the rearmost tab 536 interrupts a 
beam between the two elements of the sensor when the 
carriage is in its “home” or rearward position. When the 
carriage is in the “home” position, the probe 535 is directly 
over a cuvette at the reagent dispense point 45. The tabs 536 
also interact with the interrupt sensor 449 to insure that the 
probe 535 is located precisely at each of its forward posi 
tions. If the probe 535 is properly positioned, at any of the 
forward positions, the beam of the sensor 449 will be aligned 
with a Space between two adjacent tabs or to the outside of 
one of the tabs. If the probe is not properly positioned, the 
beam will be interrupted by one of the tabs and a signal will 
be sent to the CPU to stop the machine. 
0233. The forward positions of the probe 535 include the 
wash station 15 and the openings 328 and 338 of the outer 
cover 327 of the reagent tray 27. For each reagent pickup 
cycle, the motor 468 is actuated for a predetermined number 
of half steps to move the carriage 464 forwardly with the 
probe 535 in the upper position from the home position until 
the probe 535 is above the wash station 15. The motor 528 
is actuated for a predetermined number of half steps to lower 
the probe 535 into the wash station 18 for a wash cycle. The 
probe 535 is then raised by reversing the stepper motor 528 
for a predetermined number of half steps. The motor 468 is 
actuated for a predetermined number of half steps to move 
the carriage 464 forwardly until the probe 535 is above the 
opening 328 or the opening 338 in the outer cover 327. If the 
test protocol requires that the tracer or labeled reagent and 
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the solid phase reagent are to be picked up by the probe 535, 
the probe is moved to each of the openings 328 and 338 in 
succession. At each position 328 or 338, the probe 535 is 
lowered by the motor 528. The lower position of the probe 
535 is determined by a capacitance fluid Sensing electronics 
as described for the aspirating step for the sample probe 407. 
After aspiration of a volume of reagent, the probe 535 is 
raised to its upper position, whereupon the motor 528 is 
actuated for a predetermined number of half steps to move 
the carriage 464 so that the probe 535 is above the other 
reagent opening or moved rearwardly so that the probe 535 
is above the reagent dispense point 15. The reagent aspirat 
ing and dispensing probe is then lowered into a cuvette 
which is beneath the point 15. The volume of reagent is then 
dispensed into the Sample Solution in the cuvette. The probe 
535 is then raised to its upper position and moved to the 
wash station 15 for a wash cycle which is described in detail 
in following Section of the description. After Washing of the 
probe, the probe is ready to begin another aspirating and 
dispensing cycle. The speed of the motor 564 is controlled 
by the CPU in accordance with the operating program. The 
probe 535 is lowered to a point just above the surface of the 
Sample in the cuvette and then raised at a predetermined rate 
while reagent is dispensed into the cuvette. The probe 535 is 
raised at a rate which maintains the tip of the probe just 
above the rising surface of fluid in the cuvette. This provides 
maximum uniform mixing of the Sample and reagent and 
minimizes Splashing of fluids. This procedure also mini 
mizes the introduction of air bubbles into the reaction 
mixture. This procedure is followed for the reagent probe 
systems R2 and R3 which are described hereinafter. A 
connector 572 is connected to the PC board 534 of the arm 
519 through a flexible lead 578 and is connected to the PC 
board 537. The metallic probe 535 is electrically connected 
to the connector. 572 and forms part of the capacitance level 
Sensing System. 

0234 Referring more specifically to FIGS. 63, 65 and 
69, the carriage 465 of the reagent probe system R2 includes 
a vertical forwardly facing wall 541, a top horizontal wall 
542 and a bottom horizontal wall 543. The wall 541 has a 
horizontal bore 549 with a bearing 544 at each end of the 
bore. The top wall 542 has a bearing 557 which is located in 
a vertical bore 556. The bottom wall 543 has a bearing 558 
which is located in a vertical bore 559. The bores 556 and 
559 are vertically aligned. The wall 542 also has a vertical 
bore 545 which is vertically aligned with a vertical bore 546 
in the bottom wall 543. An anti pivot rod 547 is located in 
the bores 546 and 545 and has an upper threaded end 548 
which is threaded into the carriage Supporting Slide bar 462. 
A lead screw 550 is connected to the stepper motor 471 
through a coupling 551 and extends through a roll nut 552 
in a block 553. The block 553 is mounted in a yoke 554 in 
the same manner as the mounting of the yoke 493 in the yoke 
494 as shown in FIG. 67. Since the roll nut 552 is fixed 
within the block 553, rotation of the lead screw 550 upon 
actuation of the stepper motor 471 causes the block 553 to 
move along the longitudinal axis of the lead screw 550. The 
yoke 554 has a shaft 555 which is mounted within the 
bearings 554 and extends through the horizontal bore 549. 
As the block moves forwardly and rearwardly along the 
longitudinal axis of the lead screw 550, it causes the entire 
carriage 465 to move forwardly and rearwardly relative to 
the Support plate 441, depending on the direction of rotation 
of the lead screw 550 by the reversible stepper motor 471. 
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A follower guide 561 is located between the upper and lower 
walls 542 and 543, respectively, and has a vertical bore 560 
through which the anti pivot rod 547 extends. Referring to 
FIG. 69, the follower guide 561 also has a vertical bore 574 
which contains a roll nut 563. The follower 561 is fixed to 
a probe carrying arm 562 which carries a reagent probe 576, 
See FIG. 62. A PC board 575 is connected to the arm 562, 
See FIG. 69. A vertical lead Screw 573 is located within the 
roll nut 563 and is rotatably mounted within the bearings 557 
and 558. The bottom end of the lead Screw 573 extends 
below the bottom wall 543 and is fixed to a pulley 568. An 
electric reversible stepper motor 564 is fixed to a lower and 
rearwardly extending horizontal bracket 565 of the carriage 
465 and has a downwardly extending drive shaft 566. A 
pulley 567 is fixed to the shaft 566 and is drivingly engaged 
with the pulley 568 through a timing belt 569. The interior 
surface of the timing belt 569 has teeth which engage 
corresponding teeth on the pulleys 567 and 568, (teeth not 
shown). When the leadscrew 573 is rotated in one direction 
by the stepper motor 564, the follower guide 561 moves 
upwardly relative to the Support plate 441 along with the 
reagent probe 576. The reagent probe 576 is moved down 
wardly with the follower guide 561 when the motor 564 is 
reversed to rotate the lead screw 573 in the opposite direc 
tion An electrical connector 570 extends from the stepper 
motor 564 and is connected to the junction J13 on the PC 
board 446. Abracket 582 is fixed to the top wall 542 and has 
a plurality of upwardly extending tabs 581 which interacts 
with the interrupter sensor 452 for insuring that the probe 
576 is properly positioned at the several forward positions. 
If one of the tabs 581 interrupts a beam in the sensor 452 as 
any one of the forward positions of the probe 576, a signal 
is transmitted to the CPU that the probe is improperly 
positioned. A “home” tab 634 extends upwardly from the 
carriage 465 and interacts with the interrupt sensor 453. 
When the carriage 465 reaches its rearward “home” position, 
the tab 634 interrupts the beam of the sensor 453 which 
transmits a signal to the CPU that the carriage is properly 
positioned at the “home” position in which the probe 576 is 
positioned over the reagent dispensing point 46. 

0235. The stepper motors 471 and 564 are selectively 
controlled by the CPU to move the carriage vertically and 
horizontally to position the probe 576 in the same aspirating 
and dispensing sequence as described for the probe 535 
except that the probe 576 is moved in a straight forward to 
back line 426, see FIG.22, which intersects the vertical axes 
of the reagent dispensing point 46, the wash Station 16, and 
the holes 339 and 340 in the cover 327 of the reagent 
transport System 27. Depending on the test protocol, the 
probe 576 will be moved forwardly to pick up or aspirate a 
labeled or tracer reagent at the opening 339 or a Solid phase 
reagent at the opening 346. The test protocol may also 
require that a labeled reagent and a Solid phase reagent are 
to picked up by the probe 576. The probe 576 is lowered by 
the motor 564 at each position 339 and 340. The lower 
position of the probe 576 is determined by a capacitance 
fluid Sensing electronics as described for the Sample probe 
407. After aspiration a volume of reagent, the probe 576 is 
moved to its upper position, whereupon the motor 471 is 
actuated for a predetermined number of half steps to move 
the probe above the other reagent opening or rearwardly So 
that the probe 576 is above the reagent dispense point 16. 
The probe is then lowered into a cuvette which is beneath the 
point 16. The aspirated reagent is then dispensed into the 




































