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A fluidics head to facilitate the automatic testing of chemical and ionic sensing electronic circuit devices (4) Is provided. The

fluidics head comprises a fluid confir

Ing cell (2) having an open orifice capable of containing a known test fluid while the orifice is

In leakproof engagement with sensir
test fluids, and electrical probes (3)

g electronic circuit devices (4) an inlet and outlet opening capable of filling and discharging
capable of contacting the sensing electronic circuit devices (4) so as to test the electrical

response of the devices (4) with the test fluids.
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ABSTRACT OF THE DISCLOSURE

A fluidics head to facilitate the automatic
testing of chemical and ionic sensing electroniec circult
devices (4) 1is provided. The fluidics head comprises a
fluid confining cell (2) having an open orifice capable of
containing a known test fluid while the orifice is 1n
leakproof engagement with sensing electronic circuilt
devices (4) an inlet and outlet opening capable of filling
and discharging test fluids, and electrical probes (3)
capable of contacting the sensing electronic circuit
devices (4) so as to test the electrical response of the
dévices (4) with the test fluids, '



P 2068213

5

10

15

20

25

30

35

PCT/LS00/065323

FLUIDICS HEAD FOR TESTING
CHEMICAL AND IONIC SENSORS

FIELD OF THE INVEXNT_OL

This invention relates to amblient .sensing dev.ces
such as ion sensitive and chemically sensitive devicas anid T2

methods of testing such devices in appropriate environments.

BACKGROUND OF THE INVENTION

It frequently is desirable to monitor the
composition of the chemical environment, for example, tO
regulate chemical or biochemical processes, to determine air
or water quality, or to measure parameters of interest 1in
biomedical, agricultural or animal husbandry disclplines.

Because of the nature of the chemical environmentz,
it is desirable that any measurement ayoaratus have at leasc
some of the propertles of: low cost, simple fabricac ion

methodology, digital operation, some degree of signal

‘preconditioning or intelligence, small size, high chemiCal

sen51t1v1ty with select1v1ty, multiple species information
wlth spec1flclty, choice of reversible or integrating response
to chemical species, temperature; 1nsen51g1v1uy or compensactl
and low power reguirement. In addition, the measuremenc
apparatus should have good lohg term electrochemical

_stablllty, good physical resiliency and strength and goo
resistance to corrosion and chemical attack. In the case of

electrical measurement devices, the devices should also have
low electrical impedance tTO provmde good signal to nolse
ratios. With chemically sensmtlve devices, the devices shoulu

also have a Nernstian response to the chemical phenomena being
measured. ‘

'bne method for the detection, measurement and
monitoring of the chemical propertiles of a substance invoives
the measurement of an electric potential where the pOten“lal
is dependent upon the chemical activity belng measured.
Bergveld has proposed that hydrogen and sodium ilon activitlies
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in an agueous solution be measured by a metal oxid
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senmiconductor field-effect transistor (MOSFEZT) modiil o
removal of the gate metal. P. Bergveld, “Developn

Operation, and Application of the Ion-Sensitive Field-Zifec:

{D

P -
ol\-’

]

Transistor as a Tool for Electrophysiology” IEEE Transac:tions

of Biomedical Engineering, Veol. BME-19, pages 342-351

(September, 1972). In particular, 1f a MOSFET wilith no gacze

metal were placed in an agqueous solution, Bergveld suggasted
that the silicon dioxide insulation layer would becone
hydrated and then, because of 1mpurities 1n the hydrated
layer, ion selective. After hydration of the i1nsulatlon layer
of the MOSFET, Bergveld believed the device could be used for
ion activity measurement by immersing the device 1n the
solution in question and then recording conductilvity changes
of the device. Thus, the Bergveld device 1s commonly referred

to as an ion-sensitive field effect transistor (ISFET).
Bergveld’s work led to other developments 1n the

field of ion sensitive electrodes such as the chenical
sensitive field effect transistor (CHEMFET) device described
in U.S. Patent 4,020,830. As described 1in the ‘830 patent,
the CHEMFET is a MOSFET in which the gate metal has been
replaced by a chemically sensitive system that 1s adapted to
interact with certain substances to which the systen is
exposed. Thus as shown in Figs. 1 and 2 of the ‘830 patent,
the CHEMFET is identical in structure to a MOSFET except for a
sensing layer or membrane 38 that is deposited in place of a
metal gate layer on the oxide insulator above the channel
region of the transistor and, optionally, an impervious layer
44 that covers all other parts of the CHEMFET that might be
exposed to the solution. Numerous variations on CHEMFET

structures are disclosed, for example, in U.S. Patents
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4,180,771, 4,218,298, 4,232,326, 4,238,757, 4,305,802,
4,332,658, 4,354,308, 4,485,274, 4,397,714, 4,739,380 and
5,200,051,

The concept of an ISFET or CHEMFET 1s especially

attractive because of the promise it holds that the high volume,

e

low cost fabrication technigues that are used to manufacture

o
—

field effect transistors (F

Ts) 1in integrated circulits may

L*+]

somehow be adapted for the manufacture of ISFETs and CHEMFETS.

Advances in such technology are disclosed, for example, 1n the
above-referenced U.S. Patent 4,739, 380 and U.S. Patent No.
5,200,051.

One problem encountered in the fabrication of

integrated circuits (ICs) 1s the testing of such devices.

Because integrated circuits are so small and yet so complicated,

pr—

testing imposes major problems in the handling of ICs and in the

design of appropriate testing devices and protocols. At the

same time, testing 1s needed as a process control to ensure that

the IC manufacturing process 1s operating as desired and to

gr—
—

identify the inevitable number of ICs that do not meet

specifications for whatever reason. Testing 1s a particular

problem in the manufacture of ISFETs and CHEMFETs since these

devices are transducers which convert environmental variliables to

—

an electrical signal. Complete testing of such devices requires

that the testing be carried out by exposing the 1on sensing or

chemical sensing layer of these devices to the environment which

the ISFETs and CHEMFETs are designed to measure. One manner of

testing is disclosed in U.S. Patent 4,804,229.

P

A critical component of the testing of 1ntegrated

circuits 1s the fluidics head which contalins the test fluid

which the ISFETs and CHEMFETs are designed to measure. The

—

fluidics head must provide leakproof engagement with the sensing

electronic circult device to be tested so that
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nelghboring devices on the wafer are not contaminata2d DY Thne
test fluid. Additionally, because small volumes 0f tTest
flulds (on the order of 20-100 wul) need to be handied and
because of the small size of the devices, great care nust te
used to avoid entrapment of air bubbles and fluid
contamination during the testing of the devices and upon
changing from one test fluid to another. The fluidics head
must be designed to test devices lylng on a varilety of p.lanar

wafer materials. These materials include alumina, high
melting plastics, glass, silicon, silicon dioxide and silicon
nitride.

SUMMARY QF THE INVENTION
t is an object of the present invention to provide

a fluidics head which is capable of rapid leakproof engagement
and rapid breaking of leakproof engagement with a planar wafer
surface thereby facilitating rapid testing of sensing
electronic circuit devices lvying on the planar wafer surface.

It is another object of the present i1nvention to
provide a fluidics head which i1s structurally strong and
capable of providing leakproof engagement with the sensing
electronic circuit device over a wilide range of fluid flow
rates. N

Another object is to provide a fluidics head which
permits the exposure of one or more sensing electronic circuilc
devices to one or more test flulds without significant
entrapment of air bubbles or test fluild contamination.

' These and other objects of the invention as well as
the advantages are the subject of the followling detailed
description and cléims.

The foregoing objects are achieved according to the
present invention by means of a fluidics head for
automatically testing chemical and ionic sensing electronic
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circuit devices comprising (a) a fluld conilning cell having
at least one open orifice to contaln a known Ttest I.luld, (T)
means for filling a test fluid into said open orifice and
5§ discharging the tést fluid from the open orifice when the cell
is in leakproof“engagement with a sensing electronic circuic
device to be tested, and (c) means for providing electrical
contacts to the sensing electronic circuit device so as to
test the sensingielectrbnic circuit device with the test
10 fluid. Such a means for providing electrical contacts, for
example, may be obtained by use of spring loaded probes
contacting the electrlcal leads of the lnteg*ated clr Culv of
the sensing electronic circuit device.
Typically, the means for f£illing and discharging the
15 test fluid from the open orifice comprlses one inlet opening
and one outlet opening in the fluid confining cell.
Preferably, the 1inlet opening and the outlet'openihg are at
opposite ends of the fluid c¢nfihing cell. The open orifice
which is connected to the inlet and outlet openings has an
20 1internal shape which minimizes the entrapment of air or
residual test fluid upon filling'thé fluid confining cell with
a test fluid and upon discharging the test fluid from the
fluid confining cell. Preferably, the internal shape 1s such
that the_open-brifice 1S Shaped at its ends to closely conform
25 to the shape of the inlet and outlet openings. Most
.preferably, the internal Shape comprises ends aoproximab*,g
half sections of paraboloids with no angled corners so as to
) permlt the maximum degree of laminar flow and thus minimize
non-lamimar flow of the test fluid through the fluid confining
30 cell. Generally, all angles should be as obtuse as is
feasible with a single molded piece. '
Another possible manner of contaminating the test
fluid is the depletion of species during the testing of the

sensing electronic circuit devices. This 1s evident in
35
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sensing electronlc circuit devices principally relving con
anperometric methods 1in which the bulk concentration cf
electroactive specles 1s changed by the oxidation or reductiocon
reactions occurring at the electrode solution interface. Thals
1s especially evident when small volumes of test fluids are
used. Thus, in order to accommodate such changes in
concentration, the internal volume of the fluid confining cell
having an open orifice must be sufficient to permit bulkx
solution characteristics to prevall. Preferably, the volume
of test solution must be sufficient to preclude any
significant change 1in electroactive species concen<tration, -
i.e., less than or about 1% during the period of test.

The design of the fluid confining cell is such thact
when a vertical force 1s applied to the cell when in contact
with a planar surface, the force vectors are predominantlyv
compressive, thus minimizing lateral stress and obviating
buckling. The fluid confining cell design is also optimized
for the desired fluid dynamics based on observations of actual
fluid flow as well as precision and accuracy measurements of
the chemical and ilonic sensing electronlic circult devices.

The design is particularly directed towards high flow ra%tes of
fluids, where potential leakage problems are more pronounced.
Particularly; the invention provides for a fluid confining
cell having a supportive structure of sufficient strength to
permit leakproof engagement with the sensing electronic
circuit to be tested when the open orifice of the fluid
containing cell is urged onto the circuit. Preferably, the
supportive structure is wedge-like in shape with rounded outer
edges. The rounded outer edges conform to the planar wafer
surface on which the circuit is fabricated so as to form a

leakproof seal.
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several reguirements. Among these requirements are (1)
chenical inertness to the fluids used:; (2) no adsorption of
chemicals; (3) physical strength to provide controlled
deformation and sealing, but to resist buckling when urged
against a circuit to be tested and during fluid flow; and (4]

ability to provide air and fluid seal.

BRIET DESCRIPTION OF THE DRAWINGS

The above=described features and advantages of the
invention will be more readily apparent from the followling
detailed description of the preferred embodiments of the
invention, which is provided by way of illustration, and the
appended figures in which:

Figure 1(a) and 1(c) illustrate the fluid I{low
effects when fluid initially enters the orifice of the fluid
confining_cell; Toe avoid the formation of recirculatlon zones
at section 1(b), angled corners of the orifice are ellminated
and the inlet opening 1s gradually increased in diameter as 1s
1llustrated in'Figure l(c);

Figure 2 illustrates an overview of a wafer
comprising a plurality of sensing electronic circult devices
with an expanded view of one such device. The area (3)
defines the location where the fluid confining cell

establishes a leakproof engagement with the sensing electronilc

circuit devices (1).

Figure 3 shows a bottom view of one embodiment of
the fluid confining cell.

Figures 4(a) and 4(b) show cross sectional views oI
two embodiments of the fluid confining cell.
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Figures 5(a), 3(b) and 5(c) depict several views oI
a less preferred fluid confining cell having sguare corners.
The corners (1) are potential entrapment/turbulent areas.

Figure 6(a) to (d) show several views of one
embodiment of the frame which supports the fluid confining
cell and spring loaded probes for fluidic and electrical
contact with the sending electronic clrcuilt device.

Figure 7 is one embodiment of the testlng apparatus

having a multiplicity of fluidics heads for the simultaneous

testing of a multiplicity of sensing electronic circuit

devices on a wafer. .
Figure 8(a) and (b) 1is a flow chart of the testing
process employing the fluidics head of the inventioe.

DETATILED DESCRIPTION OF THZ INVENTION
Figure 1(a) shows the separation of fluid Zlow at
the edge of the ofifice of the fluid confining cell Just
beyond the inlet opening. The main fluid flow maintains the
original veloclty immediately through the opening to form a

-cOmmenly termed vena contracta at Section 1l(b) of Figure 1l(a).

The main fluid flow then decelerates.to £fill the orifice.
This causes recirculation zones to form at the corners ©i the
orifice which results in increased mixing, and trapping of

‘suspended particles, fluid and air bubbles. Such adverse

effects are substantially reduced by gradually lncreasing tne
diameter of the ‘inlet opening. Therefore, the preferred
embodiment of the fluid confining cell has an orifice with

walls shaped as shown in Figure 1(c) approximating the S-curve

of two intersecting parabolas.

Figure'z depicts sensing electronic circult devices
having integrated circuit chips (1) which are physlcally
of fset from their electrical leads (2). The area (3) defines
the seal formed when the outer edge of the fluid confining
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cell is urged onto the plane (4) of the integrated clrcult
chip. As shown the fluidics head containing the fluid
confining cell can be advantageously used in testilng an
extended gate field effect transistor (EGFET) such as that
disclosed in the above~referenced U.S. Patent 4,739,380.

Figure 3 depicts the bottom view of the fluid
confining cell (1). The inlet (2) and outlet (3) openings 1n
which test fluid enters and discharges are located at opposite
ends of the open orifice (4). The open orifice (4) of the
cell closely conforms to the circumference of the 1lnlet and
outlet openings so as to permit the maximum degree of laminar
flow of the test fluid within the cell.

The material used to fabricate the fluid confining
cell must be chemically inert, unable to adsorb chemicals, of
sufficient physical strength and able to provide air and fluid
seal. Room-temperature Vulcanized materials (RTV) and
silicone-based materials such as Silastic™, an organo-
polysiloxane elastomer, made by Dow have been found to ke
especially useful in satisfying these requirements.

I+ is feasible that the fluid confining cell (1) may
be comprised of more than one piece i.e. a solid fluid

confining cell (1) with an inserted o-ring along the outer

edge of the open orifice (4). However, such a design has
several drawbacks. Compression of the o-ring leads to the
formation of acute angles within the structure which promote

the entrapment of air and other contaminants. Additionally,
the number of interfaces is increased with concomittant

increase in the number of potential leakage paths. Finally,
the geometry of an o-ring limits the range of possible sealing
designs of the fluidics head.

Fiqure 4 (a) depicts the cross sectional view of the
fluid confining cell. The supportive structure (5) 1is wedge-
like in shape with rounded outer edges (6) so as ToO provide
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leakproof engagement with the sensing integrated circult cnlic
when the cell is urged onto the plane of the 1ntegrated
circuit chip. The acute angle made by the two sides oI the
supportive structure (7) is preferably more than 10 degraes.
The radius of the rounded outer edge (6) 1s preferably 0.25
the maximum internal width of the fluid cenfining cell. The
top (8) of the fluid confining cell as shown 1s flat, as such
a contour practically can be easlly mililled. However, the
preferred contour is concave as shown 1n Filgure 4(b) which
would permit the maximum degree of laminar flow.

Figures 5(a) to (c) depict another less preferred
embodiment of the fluid confining cell having sguare corners.
Figure 5(b) is a top view and Figure 5(¢c) 1s a side elevation
view. The areas near these sguare corners (1) present
potential problems of air entrapment and contamination fromn
residual test fluids due to recirculating flow. Such problernms
of mixing reSult in lower precision and accuracy 1n the
measurement of the chemical and ionic sensing electronic
circuit devices such as those described in Figure 2. Such
problems are especially noticeable where an individual sensing
electronic circuit device is exposed to several test fluids 1in
succession, thereby requiring a change of test fluids 1in the
fluid confining cell.

Figures 6(a) to (d) depilct several views of the
frame which supports the fluid confining cell and spring
loaded probes for fluidic and electrical contact with the
sensing electronic circuit device. Figure 6(b) 1is a plan view
of the top; Figure 6(c) is a front elevation. Figure 6(d) 1s
an end elevation. The fluid confining cell 1s secured by
sliding along track 1 to the center of the frame. The
passages 2 hold a multiplicity of spring loaded probes. The
passages 3 hold the tubing which is connected to the 1nlet and
outlet openings of the fluid cdnfining cell. The bores 4
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allow the frame to be secured to an allgnment apparatus and
allows screw adjustments of the leveling of the f_.uid
confining cell with respect to the planar wafer surface. 71Ino2
alignment apparatus automatically selects and pésitions 1n
succession a multiplicity of sensing electronic clrcult
devices on a planar wafer surface for leakproof engagement
with the fluid confining cell.

Figure 7 illustrates one embodiment of the testing
apparatus in which the frame 1 holds a multiplicity of fluid
confining cells 2 along with thelr corresponding spring loaded
probes 3. As shown, the fluid confining cells are urged
against the surface of the wafer 4. The spacilngs of the fluid
confining cells are such that these cells are urgec 1nto
leakproof engagement with a multiplicity of sensing electronic
circuit devices thus allowing these devices to be tested

~ simultaneously.

The circuit devices 3 on the wafer 4 are aligned
into position with respect to the fluid confining cells by an
x,y and theta positioning table 5 which holds the wafer fron
below.

Figure 8 outlines the flow chart used in testing a
plurality of sensing electronic circuit devices employlng the
fluidics head of the present invention. The charc
particularly shows that each device is tested with two
solutions, although any number of solutions may be used.

The apparatus disclosed can be implemented or

engineered in a number of ways. The description 1s 1lntended

~to illustrate the principles and mode oI operation of the

fluidics head and not to rigidly define the structure or
process. It is understood that changes and variations can be
made therein without departing from the scope of the invention
as defined in the following claims.
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What 1s claimed is:
1. A fluidics head or a multiplicity of heads in
an array thereof for automatically testing chemical and ionic

sensing electronic circuit devices comprising:

a fluid confining cell having at least one open
orifice to contain a known test fluid,

means for filling said test fluid into said open
orifice and discharging said test fluid from said open orifice
when said orifice 1is in leakproof engagement with said sensing
electronic cilrcuilit device to be tested, and

means for providing electrical contacts to said
sensing electronic circulit device so as to test said sensing
electronic circuit device with said test fluid, wherein said
open orifice  has an 1nternal shape such  that fluid
contamination in said fluid confining cell is minimized during
discharge of said test fluid.

2. The fluidics head of claim 1 wherein said
filling means comprises one inlet opening and one outlet
opening 1n said fluid confining cell.

3. .The tluidics head of claim 2 wherein the inlet

P

opening and the ocutlet opening are at opposite ends of said
confining cell.

4. The fluldics head of claim 2 wherein said open
orifice 1s shaped so as to closely conform to the shape of
said 1nlet and outlet openings.

5. The fluidics head of claim 1 wherein said fluid
confining cell having at least one open orifice has an

F

internal volume and geometry sufficient to ensure that bulk

-

solution characteristics prevail during the testing of said
sensing electronic circuilit device.

0. The fluidics head of claim 1 wherein said fluid
confining cell 1s shaped to prevent buckling when the open
orifice of said fluid containing cell is urged into leakproof
engagement with said sensing electronic circuit device to be
tested.

7. The fluidics head of claim 6 wherein said fluid
confining cell has a supportive structure which is wedge-like
1n shape with rounded outer edges to provide leakproof

engagement with sailid sensing electronic circuit device to be
tested.

8. The fluidics head of claim 1 wherein said fluid
confining cell is formed from a material which is (a)
chemically inert to the fluids used; (b) non-adsorptive; (c)
physically strong to provide controlled deformation and
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sealing and to resist buckling when urged against a clrcult to

be tested and during fluid flow; and (d) capable of providing

air and fluid seal.
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