
United States Patent 
US006881312B2 

(12) (10) Patent N0.: US 6,881,312 B2 
Kopf-Sill et al. (45) Date of Patent: Apr. 19, 2005 

(54) ULTRA HIGH THROUGHPUT 5,779,868 A 7/1998 Parce et al. 
MICROFLUIDIC ANALYTICAL SYSTEMS 5,922,591 A * 7/1999 Anderson et al. ...... .. 435/2872 

AND METHODS 5,942,443 A 8/1999 Parce et al. 
5,955,028 A 9/1999 Chow 

(75) Inventors: Anne R. Kopf-Sill, Portola Valley, CA 5957579 A 9/1999 Kop?sln et a1‘ 
_ 5,965,410 A * 10/1999 Chow et al. ............. .. 435/912 

(US), Andrea W. Chow, Los Altos, CA 6 001 231 A 12 . _ , , /1999 Koppf-Sill et al. 
(Us), Peter C- Jann> Santa Clam C_A 6,042,709 A 3/2000 Parce et al. 
(Us); Mortefl J- Jewel}, San Franclsco, 6,358,387 B1 3/2002 Kopf-Sill 618.1. 
CA (US); Mlchael spald, Sunnyvale, 6,447,727 B1 9/2002 Parce m1. 
CA (US); Colin B. Kennedy, Mill 6,547,941 B1 * 4/2003 Kopf-Sill et al. ......... .. 204/452 
Vll CAUS'M'hl.K d 
Lgseg’atos (CA)(’US)IC ae J enne y’ FOREIGN PATENT DOCUMENTS 

DE 199 16 749 A 10/2000 
(73) Assignee: Caliper Life Sciences, Inc., Mountain FR 2797054 A 2/2001 

View, CA (US) W0 WO 98/49543 A 11/1998 

( * ) Notice: Subject to any disclaimer, the term of this * Cited by examiner 

patent is extended or adjusted under 35 Primary Examiner_scott Kastler 
U'S'C' 154(k)) by 11 days‘ (74) Attorney, Agent, or Firm—Donald R. McKenna 

(21) Appl. N0.: 10/319,045 (57) ABSTRACT 

(22) Filed; Dec_ 13, 2002 Analytical systems and methods that use a modular interface 
_ _ _ structure for providing an interface betWeen a sample sub 

(65) PI‘IOI‘ PubllCatlOIl Data strate and an analytical unit, Where the analytical unit 
Us 2003/0103207 A1 Jun 5 2003 typically has a particular interface arrangement for imple 

' ’ menting various analytical and control functions. Using a 

Related US Application Data number of variants for each module of the modular interface 
structure advantageously provides cost effective and ef? 

(60) Continuation of application No. 09/920,090, ?led on Jul. 31, Clem Ways to Perform numerous tests using a Particular 
2001, now Pat. No. 6,547,941, which is a division of substrate or class of substrates With a particular analytical 
il’phgigggnggg- 09/536274: ?led on Man 27: 2000: now Pat- and control systems interface arrangement. Improved optical 

0' ’ ’ ' illumination and detection system for simultaneously ana 

(51) Int. Cl.7 .............................................. .. G01N 27/26 lyZing reactions or conditions in multiple parallel micro 
52 US. Cl. ...................................... .. 204 453' 204 603 C annes are 2150 TOVI 6 ~ ncrease 1 T011 111 an () /,/ hl lp'ddl dhghp d 
(58) Field of Search ............................... .. 204/603, 602, improved emissions detection is Provided by the Present 

204/453, 600 invention by simultaneously illuminating multiple parallel 
microchannels at a non-normal incidence using an excitation 

(56) References Cited beam including multiple excitation frequencies, and simul 

U.S. PATENT DOCUMENTS 

3,486,805 A 12/1969 Kobayashi 
5,274,240 A 12/1993 Mathies et a1. 
5,545,531 A 8/1996 Fodor et al. 

200\ 

taneously detecting emissions from the substances in the 
microchannels in a direction normal to the substrate using a 
detection module With multiple detectors. 

15 Claims, 18 Drawing Sheets 



U.S. Patent Apr. 19,2005 Sheet 1 of 18 US 6,881,312 B2 

:10 033 
cl N N 

15- " 1 In 

('0 a oft J ‘ m 
In 

0 
N7 

O 
m 

C) 
N‘) 



U.S. Patent Apr. 19,2005 Sheet 2 of 18 US 6,881,312 B2 

FIG: 2. 
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FIG: 4C 
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FIG‘. 61 
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ULTRA HIGH THROUGHPUT 
MICROFLUIDIC ANALYTICAL SYSTEMS 

AND METHODS 

This application is a continuation of US. application Ser. 
No. 09/920,090, ?led on Jul. 31, 2001, now US. Pat. No. 
6,547,941; Which is a divisional of US. application Ser. No. 
09/536,274, ?led on Mar. 27, 2000, now US. Pat. No. 
6,358,387. 

BACKGROUND OF THE INVENTION 

The present invention relates generally to systems and 
methods for performing chemical and biological analyses. 
More particularly, the present invention relates to the design 
and use of an analyZer system Which employs analytical 
substrates evaluated in a modular interface structure having 
one or more interchangeable modules With varying func 
tionality for interfacing With an arrangement of analytical 
and control systems instruments. 
Numerous systems and instruments are available for 

performing chemical, clinical, and environmental analyses 
of chemical and biological specimens. Conventional sys 
tems may employ a variety of detection devices for moni 
toring a chemical or physical change Which is related to the 
composition or other characteristic of the specimen being 
tested. Such instruments includes spectrophotometers, 
?uorometers, light detectors, radioactive counters, magne 
tometers galvanometers, re?ectometers, ultrasonic 
detectors, temperature detectors, pressure detectors, 
mephlometers, electrophoretic detectors, PCR systems, 
LCR systems, and the like. Such instruments are often 
combined With electronic support systems, such as 
microprocessors, timers, video displays, LCD displays, 
input devices, output devices, and the like, in a stand-alone 
analyZer. Such analyZers may be adapted to receive a sample 
directly but Will more usually be designed to receive a 
sample placed on a sample-receiving substrate such as a 
dipstick, cuvette, analytical rotor or the like. Usually, the 
sample-receiving substrate Will be made for a single use 
(i.e., Will be disposable), and the analyZer Will include the 
circuitry, optics, sample manipulation, and other structure 
necessary for performing the assay on the substrate. As a 
result, most analyZers are intended to Work only With a 
single type of sample-receiving substrate and are not readily 
adaptable to be used With other substrates. 

Recently, a neW class of sample-receiving substrate has 
been developed, referred to as “micro?uidic” systems. 
Micro?uidic substrates have netWorks of chambers con 
nected by channels Which have mesoscale dimensions, 
Where at least one dimension is usually betWeen 0.1 pm and 
500 pm. Such micro?uidic substrates may be fabricated 
using photolithographic techniques similar to those used in 
the semi-conductor industry, and the resulting devices can be 
used to perform a variety of sophisticated chemical and 
biological analytical techniques. Micro?uidic analytical 
technology has a number of advantages, including the ability 
to use very small sample siZes, typically on the order of 
nanoliters. The substrates may be produced at a relatively 
loW cost, and can be formatted to perform numerous speci?c 
analytical operations, including mixing, dispensing, valving, 
reactions, and detections. 

Another recently developed class of sample-receiving 
micro?uidic substrates includes substrates having a capillary 
interface that alloWs compounds to be brought onto the test 
substrate from an external source, and Which can be advan 
tageously used in a number of assay formats for high 
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2 
throughput screening applications. These assay formats 
include ?uorogenic assays, ?uorescence polariZation assays, 
non-?uorogenic mobility shift assays, dose response assays, 
and calcium ?ux cell-based assays. 

Because of the variety of analytical techniques and poten 
tially complex sample ?oW patterns that may be incorpo 
rated into particular micro?uidic test substrates, signi?cant 
demands may be placed on the analytical units Which 
support the test substrates. The analytical units not only have 
to manage the direction and timing of How through the 
netWork of channels and reservoirs on the substrate, they 
may also have to provide one or more physical interactions 
With the samples at locations distributed around the 
substrate, including heating, cooling, exposure to light or 
other radiation, detection of light or other radiation or other 
emissions, measuring electrical/electrochemical signals, pH, 
and the like. The How control management may also com 
prise a variety of interactions, including the patterned appli 
cation of voltage, current, or poWer to the substrate (for 
electrokinetic ?oW control), or the application of pressure, 
vacuum, acoustic energy or other mechanical interventions 
for otherWise inducing ?oW. 

It can thus be seen that a virtually in?nite number of 
speci?c test formats may be incorporated into micro?uidic 
test substrates. Because of such variety and complexity, 
many if not most of the test substrates Will require speci? 
cally con?gured analyZers in order to perform a particular 
test. It is indeed possible that particular test substrates use 
more than one analyZer for performing different tests. The 
need to provide one dedicated analyZer for every substrate 
and test, hoWever, Will signi?cantly reduce the ?exibility 
and cost advantages of the micro?uidic systems. 
Additionally, for a speci?cally con?gured analyZer, test 
substrates are generally only useful for performing a limited 
number of assay formats and functions. As the complexity 
and costs of test substrates increase, it becomes more 
desirable to increase the number of useful assay formats and 
functions for a particular test substrate-analyZer 
combination, or for a particular class of substrates in com 
bination With a speci?cally con?gured analyZer. 

It Would therefore be desirable to provide improved 
analytical systems and methods that overcome or substan 
tially mitigate at least some of the problems set forth above. 
In particular, it Would be desirable to provide analytical 
systems including a modular interface structure Which can 
support a number of different micro?uidic or other test 
substrates having substantially different ?oW patterns, 
chemistries, and other analytical characteristics. It Would 
also be particularly desirable to provide analytical systems 
including a modular substrate-to-instrument interface struc 
ture comprised of interchangeable modules to accommodate 
various combinations of assay formats and functions, such 
as different ?oW patterns, for a particular test substrate or a 
particular class of test substrates having similar design 
layouts and/or properties. The costs for modifying the ana 
lytical and control systems interface as Well as the costs 
required for obtaining test substrates for desired assays 
Would be signi?cantly reduced. 

SUMMARY OF THE INVENTION 

The present invention overcomes at least some of the 
de?ciencies described above by providing analytical sys 
tems and methods that use a modular interface structure for 
providing an interface betWeen a sample substrate and an 
analytical unit, Where the analytical unit typically has a 
particular interface arrangement for implementing various 






















