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MAGNETICALLY-ACTUATED MICROPUMP 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application is related to and incorporates by 
reference herein in its entirety the commonly oWned and 
concurrently ?les patent application Attorney Docket Num 
ber M-9289 entitled “AUTOMATED MICROFABRICA 
TION-BASED BIODETECTOR” by Angad Singh and 
ShahZi S. Iqbal. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] This invention relates generally to micropumps. 
More speci?cally, this invention relates to a micropump that 
is magnetically actuated. 

[0004] 2. Description of the Related Art 

[0005] There are several applications that require pumps 
for transporting substances from one location to another. 
Some of these applications include medical implants, min 
iature scrubbing systems, chemical analysis of very small 
samples, and medical diagnosis. Pumps having nanometer 
scale dimensions are required in some of these situations. 
Microfabrication techniques are Well-knoWn in the art, and 
are capable of producing very small scale components With 
moving parts. It is nonetheless desirable to provide a micro 
pump that is capable of delivering the appropriate amount of 
a substance using a minimum number of moving parts to 
simplify fabrication. 

SUMMARY OF THE INVENTION 

[0006] Apump (also called “micro?uidic pump”) in accor 
dance With the invention has a substrate With a chamber 
(also called “pump chamber”) and at least one channel in 
communication With the pump chamber for transporting a 
substance into or out of the pump chamber through one or 
more channels. A ?exible diaphragm forms a Wall of the 
pump chamber, and the pump operates When the diaphragm 
is ?exed. 

[0007] In one embodiment, a magnetic member is attached 
to the diaphragm. A magnet, such as an electromagnet, is 
positioned to attract and repel the magnetic member, thereby 
actuating the diaphragm, and causing a substance to be 
draWn into or out of the pump chamber through the channel. 
Depending on the embodiment, a uni-directional or bi 
directional check valve can be positioned in the channel to 
alloW How of the substance into the chamber or to prevent 
back?oW into the pump chamber. Also depending on the 
embodiment, a control system can be coupled to the pump 
to sense the flow rate of the substance in the channel, and to 
adjust actuation rate of the diaphragm based on the flow rate. 
Moreover, as an option, a protective layer can be included to 
cover the top of the diaphragm. Another protective layer can 
be included to cover the bottom of the substrate. 

[0008] Depending on the implementation, the substrate 
and diaphragm can be fabricated With polymer materials that 
are injection molded, etched, or embossed With the compo 
nents such as the chamber, channels, and valves. 

[0009] The present invention advantageously provides a 
micropump With a minimum number of moving parts to 
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improve reliability and cost-effectiveness. The micropump 
is also decoupled from the actuating mechanism. The advan 
tage of this feature is that the pump can be included in a 
disposable portion of a system, While the actuating mecha 
nism is included on a non-disposable portion of the system 
and can be used to actuate other micropumps. 

[0010] The foregoing has outlined rather broadly the fea 
tures and technical advantages of the present invention so 
that the detailed description of the invention that folloWs can 
be better understood. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 is a block diagram of components included 
in an embodiment of a bio-sensor system in accordance With 
the present invention. 

[0012] FIG. 1a is a block diagram of components 
included in an embodiment of a bio-sensor device in accor 
dance With the present invention. 

[0013] FIGS. laa-law are schematic diagrams of circuits 
included in a biosensor system in accordance With an 
embodiment of the present invention. 

[0014] FIG. 1b is a top vieW of components included in an 
embodiment of a bio-sensor device in accordance With the 
present invention. 

[0015] FIG. 1c is a side cross-section vieW of components 
included in an embodiment of a bio-sensor device in accor 
dance With the present invention. 

[0016] FIG. 2 is a block diagram of components included 
in an embodiment of a micro?uidic system for the bio 
sensor in accordance With the present invention. 

[0017] FIG. 2a is a ?oWchart of protocols for detecting 
viruses, bacteria, and toXins using a bio-sensor system in 
accordance With the present invention. 

[0018] FIG. 3a is a side of vieW of a ?ltration/concentra 
tion assembly in accordance With the present invention. 

[0019] FIG. 3b is a side of vieW of a portion of the 
?ltration/concentration assembly that is used to introduce a 
sample to a micro?uidic system in accordance With the 
present invention. 

[0020] FIG. 3c is a side of vieW of the electro-magneti 
cally actuated pump in accordance With the present inven 
tion. 

[0021] FIG. 3a' is a top vieW of the electro-magnetically 
actuated pump and check valve in accordance With the 
present invention. 

[0022] FIG. 36 is a block diagram of a micro?uidic pump 
coupled to a feedback and control system in accordance With 
the present invention. 

[0023] FIG. 3f is a block diagram of a pieZoelectric pump 
coupled to a feedback and control system in accordance With 
the present invention. 

[0024] FIG. 3g is a diagram of a miXer in accordance With 
the present invention. 

[0025] FIG. 4 is a diagram of an information netWork in 
accordance With the present invention. 
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[0026] The present invention may be better understood, 
and its numerous objects, features, and advantages made 
apparent to those skilled in the art by referencing the 
accompanying draWings. The use of the same reference 
symbols in different draWings indicates similar or identical 
items. 

DETAILED DESCRIPTION 

[0027] Referring to FIG. 1, biosensor system 100 is 
shoWn including bio-sensor device 102, micro?uidic system 
104, and netWork interface 106 to Workstation 108. In one 
embodiment, micro?uidic system 104 incorporates compo 
nents that are required for performing chemical and/or 
biological processes on a sample of a substance to be 
analyZed. Micro?uidic system 104 can be inserted and 
removed from biosensor device 102. Biosensor device 102 
is a portable, hand-held unit that includes a user interface 
and display, an interface to micro?uidic system 104, and an 
netWork interface 106 to one or more Workstations 108 that 
alloWs a user at Workstation 108 to access data collected 

using biosensor system 100. Biosensor system 100 can also 
be used as a Workstation 108. 

[0028] Referring noW to FIGS. 1 and 1a, a block diagram 
of one embodiment of biosensor device 102 is shoWn in 
FIG. 1a. PoWer supply 110 provides operating poWer to 
various components on biosensor device 102 including 
digital signal (DSP) and input/output (I/O) processor 112, 
driver circuits 114, analog circuits 116, a display 118, valves 
120, thermistor 122, thermo-electric cooler 124, pump coils 
126, and detection system 128. PoWer supply 110 can be one 
or more commercially available poWer supplies, such as an 
internal DC battery or a poWer regulator that interfaces to an 
external AC supply. PoWer supply 110 is capable of provid 
ing one or more operating voltages at the levels required by 
the components of biosensor device 102. Biosensor device 
102 can also be poWered via a universal serial bus (USB) 
port 130 With the Workstation 108. 

[0029] In the embodiment shoWn in FIG. 1a, data pro 
cessing functions are divided among DSP and input/output 
(I/O) processor 112, driver circuits 114, and analog circuits 
116. It is important to note, hoWever, that data processing 
functions can be distributed using additional or feWer pro 
cessors than shoWn in FIG. 1a. FIGS. laa through laj are 
schematic diagrams shoWing examples of interface circuits 
betWeen DSP 131 and components in DSP and I/O processor 
112. FIG. lab shoWs an example of an interface to pro 
grammable memory 140 for storing DSP program instruc 
tions. FIG. lac shoWs an example of an interface to Analog 
to Digital converter ADC 148 Which converts analog voltage 
level (e.g., temperature & ?uorescence level) to a digital 
signal Which can be used by the DSP. FIG. lad shoWs an 
example of an interface to digital to analog signal converter 
DAC 146 Which provides analog output voltage. FIG. lae 
shoWs an example of an interface to memory 142 for 
non-volatile memory storage. FIG. 1afshoWs an example of 
an interface to RS-232 serial interface 133. FIG. lag shoWs 
an example of an interface to device indicators 144. FIGS. 
lah and 1a j shoW examples of an interface to digital I/O 150, 
Which also interfaces With the driver circuits 114. FIG. lai 
shoWs an example of an interface to USB port 130. 

[0030] FIG. lak is an example of a schematic on analog 
circuits board 116 of a programmable ampli?er that can be 
used to amplify the signal from the photo-multiplier-tube 
(PMT) 184. 

Jul. 25, 2002 

[0031] FIGS. lal through law shoW examples of sche 
matics for driver circuits 114. FIG. 1alshoWs an example of 
a programmable duty cycle generator for controlling the 
amount of poWer to TEC 124. FIG. 1am shoWs an example 
of a DC to DC converter Which conditions poWer supply 
voltage. For example, the circuit in FIG. 1am converts a +12 
volt (V) supply voltage to +5V, +12V and regulated +12V. 
FIG. lan shoWs an example of an interface betWeen DSP 
and I/O circuits 112, analog circuits 116, and driver circuits 
114. 

[0032] FIGS. 1a0 and lap shoW examples of circuits 
Which provide a set of digital control output signals for 
opening and closing, respectively, valves 120. FIG. laq 
shoWs an example of a light emitting diode to indicate When 
poWer to the system 100 (FIG. 1) is turned ON. FIG. lar 
shoWs an example of a circuit for a pieZoelectric buZZer for 
chip insert detection or user input detection. FIG. 1 shoWs 
an example of an interface connector for connecting DSP 
131 to other components in DSP and I/O processor 112. 

[0033] Biosensor system 100 also includes bridge circuits, 
examples of Which are shoWn in schematics in FIGS. lat 
through law. FIG. lat is an example of circuit for control 
ling TEC 124 (FIG. 1a). FIG. laa is a bridge circuit used 
for controlling the current through the pump coil(s) 126 
(FIG. 1a). FIG. lav is a laser diode driver circuit Which 
maintains a constant light output from the laser 182 (FIG. 
1a) by regulating the current to the laser. FIG. law is an 
example of a connector 152 Which can be used to interface 
the micro?uidic system 104 to biosensor device 102. 

[0034] Examples of commercially available components 
Which are suitable for use in the circuits shoWn in FIGS. laa 
through law are as folloWs: FIG. laa: DSP chip ADSP 
2181, part # ADSP-2181KS-115 by Analog Devices, Nor 
Wood, Mass.; FIG. lab: EEP ROM (memory) chip, part # 
CAT28F512 by Catalyst Semiconductor, Sunnyvale, Calif.; 
FIG. lac: Analog-to-digital converter chip, part # AD7887 
by Analog Devices, NorWood, Mass.; FIG. laa': Digital-to 
analog converter chip, part # AD5322 by Analog Devices, 
NorWood, Mass.; FIG. lae: EEPROM (memory) chip, part 
# 24LC256 by Microchip Technology, Farmington Hills, 
Mich.; FIG. laf: RS-232 chip, part #DS14C232 by Dallas 
Semiconductor, Dallas, Tex.; FIG. lag: demultiplexer chip, 
part # MC74HC138 by ON Semiconductor, Phoenix, AriZ.; 
FIG. lah: Digital output gates and ?ip-?op chips, part #s 
MC74HC32 and MC74HC574 by ON Semiconductor, 
Phoenix, AriZ.; FIG. lai: USB interface chip, part # 
PDIUSBD12D by Phillip Semiconductor, Sunnyvale, Calif., 
and gate 74HC08 by ON Semiconductor, Phoenix, AriZ.; 
FIG. laj: ?ip-?op and gate chips, part #s MC74HC573 and 
MC74HC32 respectively by ON Semiconductor, Phoenix, 
AriZ.; FIG. lak: Programmable gain ampli?er chips, part # 
PGA103 by Burr-BroWn Corporation/Texas Instruments, 
Dallas, Tex., and operational ampli?er OP27 by Analog 
Devices, NorWood, Mass.; FIG. lal: Shift registers, part 
#74HC165 by ON Semiconductor, inverters, part #74HC14 
and #74HC04 by ON Semiconductor, Phoenix, AriZ.; FIG. 
1am: DC-DC converter chips COSEL_ZU, part # ZUS 1R5 
1205 by Cosel USA, San Jose, Calif. and AA01D_DUAL, 
part # AA01D-012L-120D by Astec America, Carlsbad, 
Calif.; FIG. 1a0: Flip-?op, part # 74HC574 by ON Semi 
conductor, and gate 74HC32 also by ON Semiconductor, 
Phoenix, AriZ.; FIG. lap: Same as FIG. 1a0; FIG. lat: 
Gates, part #74HC14 and part #74HC08 by ON Semicon 
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ductor, Phoenix, AriZ.; FIG. lau: Same as FIG. lat; FIG. 
lav: inverters, part # 74HC14 by ON Semiconductor, and 
laser diode driver, part # iC-WJ by iC-Haus, Bodenheim, 
Germany. 

[0035] Micro?uidic system 104 includes microfabricated 
components for performing biological and chemical analy 
sis. Such components can include, for example, ?lters, 
valves, pumps, mixers, channels, reservoirs, and actuators. 
Detection system 128 is used to detect target molecules that 
are the subject of the assay(s) that are performed using 
micro?uidic system 104. One such detection system 128 
includes an infrared (IR) laser and detector Which is used to 
illuminate and detect IR dye, respectively, knoWn as deoxy 
nucleotide triphosphates (dNTPs) that can be used in the 
assays performed by micro?uidic system 104. Other suitable 
detection systems can be implemented With micro?uidic 
system 104 in addition to, or instead of, an IR detection 
system. Detection system 128, and micro?uidic system 104 
are discussed more fully hereinbeloW. 

[0036] In one embodiment, micro?uidic system 104 is 
disposable and can be inserted and removed from biosensor 
device 102 as required. This alloWs a neW micro?uidic 
system 104 to be used for each neW sample to be analyZed, 
thereby reducing the risk of contamination from previous 
samples. 
[0037] DSP and I/O processor 112 includes a digital signal 
processor 131 for digital signal processing along With main 
program instructions 132 that control execution of compo 
nents included in processor 112. Main program instructions 
132 also control communication With components external 
to processor 112. In one embodiment, digital signal proces 
sor 131 is a single-micro?uidic system 104 microcomputer 
optimiZed for digital signal processing (DSP) and other high 
speed numeric processing applications. Digital signal pro 
cessor 131 includes one or more serial data interfaces such 

as RS2-32 interface 133 and Universal Serial Bus (USB) 
interface 130. A peripheral device interconnect USB 134 
shoWn, for example, as PDIUSBD12, alloWs conventional 
peripherals to be upgraded to USB devices and take advan 
tage of the “hot plug and play” capability of the USB, as 
knoWn in the art. The USB 134 interfaces With most device 
class speci?cations such as imaging, mass storage, commu 
nications, printing and human interface devices. USB 134 
communicates With digital signal processor 131 using a 
high-speed, general-purpose parallel interface 138. Other 
data interfaces can be included in addition to or instead of 
interfaces 133 and 134. 

[0038] Digital signal processor 131 also interfaces With 
other devices Well-known in the art, including program and 
data memory 140, 142 for storing data and executing pro 
gram instructions, device indicators 144, such as sWitches 
and lights, digital to analog (DAC) and analog to digital 
(ADC) converters 146, 148, and digital I/O controller 150. 
Digital signal processor 131 can also include a program 
mable timer and interrupt capabilities, as knoWn in the art. 
PoWer-doWn circuitry can also be provided to conserve 
poWer When operating biosensor device 102. One example 
of a microprocessor currently available that is suitable for 
use With present invention is model number ADSP-2181 
manufactured by Analog Devices, Inc. in NorWood, Mass. 

[0039] Driver circuits 114 interface With micro?uidics 
system 104 via connector 152 to communicate With valves 
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120, thermistor 122, thermoelectric cooler (TEC) 124, 
pumps 126. Driver circuits 114 also interface With detection 
system 128 in biosensor device 102. Connector 152 can be 
one of several connectors that are Well knoWn in the art and 
commercially available. One such connector is part # FH12 
SOS-0.5SH by Hirose Electric Co. Ltd. 

[0040] Driver circuits include thermistor driver 153 and 
TEC driver 154 Which generate signals to control the 
operation of thermistor 122 and TEC 124, respectively. 
Pump driver 156 includes logic to determine voltage signals 
required to operate pumps 126. The signals input to microf 
luidic system 104 to drive pumps 126 can be based on 
information provided by How sensors 157 micro?uidic sys 
tem 104, Wherein the sensors 157 indicate the amount or rate 
of How of a substance through one or more pumps 126. 
Laser driver 158 generates signals to control operation of a 
laser in detection system 128. Such a laser is used for 
?uorescence detection, as further discussed hereinbeloW. 

[0041] Insert detector 162 receives information from 
micro?uidic system 104 that indicates When micro?uidic 
system 104 is inserted in biosensor device 102. When 
micro?uidic system 104 is inserted in biosensor device 102, 
processors 112, 114, and 116 use the signal to begin oper 
ating other components in biosensor device 102. 

[0042] Valve driver 164 sends signals to open and close 
valves 120 micro?uidic system 104. Avariety of valve and 
pump con?gurations can be implemented in micro?uidic 
system 104, depending on the processes to be performed. 
The processes typically occur in a particular sequence, and 
can also be timed. Thus, valve driver 164 includes instruc 
tions for opening and closing each valve in micro?uidic 
system 104 for respective processes and reactions. Valve 
driver 164, pump coil driver 156, thermistor driver 153, TEC 
driver 154, and laser driver 158, can also share information 
to determine Which functions to perform at the appropriate 
time. 

[0043] User interface (UI) module 168 provides informa 
tion and/or options to a user that is presented on display 118 
and via device indicators 144. UI module 168 also receives 
input from one or more of a variety of knoWn user input 
devices such as a keyboard, mouse, light pen, audio com 
mands, or other data input device knoWn in the art. It is 
important to note that a variety of suitable user input devices 
and displays, including audio, visual, and tactile input/ 
output devices, are knoWn in the art and can be incorporated 
With the present invention. The foregoing examples are not 
intended to limit the present invention to any particular input 
or display device, or combination of devices. 

[0044] Detection system 128 generates data signals rep 
resenting the substances detected micro?uidic system 104, 
and the data signals are input to analog circuits module 116. 
Analog circuits module 116 includes appropriate signal 
conditioning components 174, as required, such as a sample 
and hold circuit, ?lter(s), and/or an ampli?er(s). The output 
from analog circuits module 116 is input to an analog to 
digital (A/D) converter 148 in DSP and I/O processor 112 
for conversion from analog to digital form. This digital data 
can be further processed in DSP and I/O processor 112, and 
the results output to display 118 and/or netWork interface 
106. 

[0045] A variety of processes are required to perform 
different biological and chemical assays. For example, 
















