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A Disposable and Self-Aligned 3-D Integrated
Bio-Sensing Interface Module for CMOS
Cell-Based Biosensor Applications

Joe L. Gonzalez", Paul K. Jo

Abstract— This letter presents a disposable, self-aligned,
and die-level socketed 3-D integrated biosensing-interface
module (BIM) for biosensing applications. The enabling
technologies of the BIM include: 1) mechanically flexible
interconnects (MFls) that provide temporary electrical inter-
connections to enable disposability; 2) sapphire precision
balls and positive self-alignment structures, which in combi-
nation with KOH-etched pits provide the BIM self-alignment
capabilities; and 3) a clamped socket that temporarily pro-
vides the necessary force for the MFls to form and main-
tain electrical contact with the underlying test die during
testing. Repeated alignment measurements show that the
alignment of the BIM to the biosensor varies little between
uses, hence demonstrating that the biosensor system can
maintain accurate alignment. In addition, four-point resis-
tance measurements were taken after assembly indicating
that temporary electrical connections were formed and
maintained.

Index Terms—3D IC, compliant interconnects, self-
alignment, disposable biosensors, CMOS biosensors,
cell-based bio-sensing.

I. INTRODUCTION

ELL-BASED biosensing platforms, including CMOS
biosensors, continue to impact pre-clinical pharmaceu-
tical development, point-of-care testing, environmental mon-
itoring, and pathogen detection [1]-[13]. CMOS cell-based
biosensors in particular are attractive due to their high degree
of integration, unparalleled signal processing, fast response,
and low power, all at a potential low cost. Important for
many CMOS cell-based biosensors in the aforementioned
applications are the following: 1) high throughput, 2) minimal
contamination (sterility assurance level (SAL) of 1079), 3) low
cost, 4) large field-of-view, and 5) high resolution.
Currently, CMOS cell-based biosensors require post-
fabrication processing typically due to the electrochemical
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Fig. 1. Biosensing-interface module (BIM) in modular system.
instability of their surface electrodes (e.g., aluminum) in a
saline-based medium and due to certain necessary surface
treatments to improve cell adhesion and growth, all which
serve to increase processing costs [3], [5], [14]-[16]. Through-
put is also limited if the CMOS biosensor is reused as
sterilization is necessary to minimize cross-contamination
(and sterilization methods are limited as CMOS devices are
present) [17], [18]. Disposing and replacing the biosensor
is another (and more effective) option to circumvent cross
contamination; however, this route is difficult/impractical as
the biosensor is likely to be permanently attached and wire
bonded to the package or board.

In an attempt to address these challenges, this letter presents
a disposable, self-aligned, and socketed biosensing-interface
module (BIM), as seen in Figure 1, that serves to act as a 3D
integrated interface between the underlying CMOS biosensor
and the cells grown atop the surface. This electrical interface
circumvents the need to post-process the CMOS biosensor
while allowing for a quick and manual place-and-replace
mechanism for high throughput testing. Additionally, as the
BIM is scalable, high resolution and large field-of-view data
is achievable. As few 3D packages for biosensing applications
exist, such as the BIM presented here, the focus of this letter is
on the die-level socketed module and hence, for demonstration
purposes, the BIM is interfaced with a test die and not a CMOS
biosensor.

The advantages associated with the presented BIM include
the following: 1) self-alignment facilitates temporary intercon-
nections, increases testing throughput as alignment placement
tools are avoided, and enables field-deployable applications
as a simple manual placement suffices for assembly, 2) tem-
porary interconnections allow for the disposal of the BIM,
which circumvents cross contamination, and hence leads to
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Fig. 2. Double self-alignment process flow demonstrating two levels of self-alignment: (a) CMOS biosensor to carrier self-alignment via a PSAS/pit
mechanism, (b) BIM to carrier self-alignment via a sapphire ball/pit mechanism. Final clamped state (c) follows.

increased throughput as sterilization processes are avoided,
and 3) since the BIM does not contain any CMOS devices, etc.,
it does not require a CMOS-only fabrication process, hence
culture medium biocompatible materials and necessary surface
treatments are easily incorporated into the overall fabrication
process, which can potentially be performed at the wafer level,
hence leading to decreased costs in accordance with economies
of scale.

Our previous work introduced an “electronic-microplate”
(e-microplate) that demonstrated preliminary data on the
functionality of such an interface platform [19]. However,
the e-microplate was not disposable/replaceable nor did it
possess self-alignment capabilities. In contrast to the module
introduced in this letter, permanent bonding using epoxy resin
and flip-chip alignment/assembly were necessary to secure
and position the e-microplate. Thus, we demonstrate: 1) self-
alignment of the BIM to the underlying test die, which
removes the need for an alignment/assembly placement tool,
and corresponding alignment data, 2) an attachable/detachable
clamp-socket based structure that compresses the BIM so
that electrical connections are formed and maintained, and
3) temporary electrical connections between the BIM and the
test die via mechanically flexible interconnects (MFIs) and
corresponding four-point resistance data.

1. SYSTEM OVERVIEW

As seen in Figure 1, the modular system is composed of:
a carrier, a test die (or biosensor), the BIM, the clamped socket,
and a PCB. The carrier contains self-alignment KOH-etched
pits to self-align both the test die (via positive self-alignment
structures or PSAS) and the BIM (via sapphire precision
balls) [20], [21]. The BIM hence self-aligns to the test die
via the carrier. The test die is also wire bonded to the carrier,
which itself is wire bonded to the PCB for four-point resistance
measurements (reported in Section IIT). After the BIM is self-
aligned to the carrier and hence the test die, the clamp is
inserted into its socket so that the BIM can electrically inter-
connect to the underlying test die electrodes via 58 xm pitch
MFiIs (a BIM contains two arrays of 1,024 MFIs) [22]-[24].

I1l. SETUP, RESULTS, AND DISCUSSION

A. Assembly and Alignment
To obtain self-alignment between the BIM and the test
die, a double self-alignment mechanism was implemented:

Test die
contact pads

MFIs on BIM

Fig. 3. X-ray image showing alignment between MFIs and corresponding
electrodes on the test die.

1) self-alignment between the BIM and the carrier and 2) self-
alignment between the test die and the carrier (both shown in
Figure 1). The purpose of the carrier, as aforementioned, is to
enable both levels of self-alignment and hence self-alignment
between the BIM and the test die. To apply the necessary force
onto the BIM so that the MFIs form an electrical connection,
the clamp is inserted into the socket.

Different mechanisms enable each level of self-alignment
as shown in Figure 2: 1) a PSAS-pit mechanism self-aligns
the test die to the carrier and 2) a sapphire precision ball-
pit mechanism self-aligns the BIM to the carrier. The pits are
formed via KOH etching of (100) silicon (45% KOH at 90°C).
The PSAS is fabricated via reflowing positive resist at a
temperature above its glass transition temperature, T, as has
been done in [20]. Due to the size of the pits, the misalignment
tolerance during the initial assembly of the BIM is £0.43 mm.
The accuracy and repeatability of the self-alignment between
BIM and test die is reported in Section III-B.

All assembly and alignment is performed via manual place-
ment. Specifically, the carrier is manually picked up and placed
into the socket, the test die is picked up and placed onto the
carrier, the BIM is picked up and placed onto the carrier, and
the clamp, as shown in Figure 2(c), is picked up and placed
into the socket. Self-alignment occurs at every level with high
accuracy as shown next in Section III-B.

B. Alignment Measurements and
Alignment Repeatability

To measure the alignment accuracy between the BIM and
the test die, X-ray images were first captured using a Dage
X-Ray Inspection System (XD7600NT model), as shown in
Figure 3. The Dage X-Ray built-in measurement tools are
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TABLE |
SELF-ALIGNMENT REPEATABILITY MEASUREMENTS
Number of Top Left Top Right Bottom Left Bottom Right
manually (um) (um) (um) (um)
placed
assemblies

X y X y X y X y
1 -3-4 +3 34 | +34 -4 +3-4 -4 +3-4

10 -3-4 +3 34 | +34 -4 +3-4 34 +3
20 34 +3 3 +3-4 | 34 | +3-4 -4 +3-4
50 34 | +3-4 34 | 34 | 34 [ 34 34 | 34
100 34 | 434 34 +3 34 [ 34 3 +3-4

then used to measure the misalignment from the X-ray images.
To calibrate the X-ray tool, several features of known size were
initially measured and all other measurements were scaled
accordingly.

Alignment measurements are performed for each quarter
of the MFI area array (top left, top right, bottom left, and
bottom right). For each quarter, the x- and y- misalignment is
recorded via measuring the distance (in the x- and y-directions)
between the MFIs on the BIM and the electrodes on the test
die. Several measurements were performed for each quarter
(for both x- and y-) from which the average is computed and
recorded, as shown in Table I. Initial alignment measurements
demonstrate less than 5 ym of misalignment for every quarter
(and each direction). Recall that the misalignment tolerance
for manually placing the BIM onto the carrier is £0.43 mm
(£430 pxm).

Since the biosensor is intended for reuse, we performed
multiple manually placed assemblies on the test die to test
self-alignment repeatability. The results of these tests are also
shown in Table I. As shown, 100 different manually placed
assemblies are performed where the BIM is removed and then
re-assembled onto the test die (and re-clamped). Little differ-
ence is observed between each self-alignment measurement,
which demonstrates that self-alignment accuracy is consistent
after repeated use. Self-alignment accuracy can be improved
with better lithographic equipment and better lithographic
alignment.

C. Electrical Data

To test the temporary electrical interconnections after the
BIM is self-aligned, assembled, and clamped onto the test die,
four-point resistance measurements of 2.1 um thick MFIs
were performed and recorded, as shown in Figure 4(a) and
Figure 4(b). Figure 4(b) records several individual four-
point IV curve measurements from one BIM sample; one is
shown in Figure 4(a). As shown, an average of approximately
207.2 mQ is recorded. Furthermore, the uniformity of this data
(standard deviation of +10.1 mQ) likely demonstrates that
structural uniformity exists among the MFI structures and that
a uniform assembly force is provided by the clamp. Modifying
the gap between the BIM and test die (and the assembly force
if necessary) will likely alter the contact resistance of the MFIs
and hence their overall resistance.

These resistance measurements demonstrate that self-
alignment is successfully achieved (as also seen previously
via the alignment data) and that a sufficient assembly force
is applied, hence an electrical connection can be formed
and maintained (and removed at any time). The implications
of these results convey that the potential exists for the
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Fig. 4. (a) Four-point resistance setup and extracted resistance from an
IV curve of one of the MFIs on the BIM and (b) four-point resistance
measurements (including contact resistance) for five different MFls
(2.1 wm thick) on the same BIM sample.

development of a high-resolution, large field-of-view CMOS
cell-based biosensor system that is field-deployable and that
has the ability to deliver high-throughput testing.

IV. CONCLUSION

A 3D integrated, self-aligned, and die-level socketed
biosensing-interface module (BIM) was microfabricated for
CMOS cell-based biosensor applications. The enabling tech-
nologies of the BIM allowed for 1) the self-alignment of the
BIM upon manual placement, achieving an alignment accuracy
of better than 5 um, and 2) the ability to form and maintain
temporary electrical interconnections. An average of 207.2 mQ
four-point resistance for 2.1 um thick MFIs was recorded.
Given these capabilities, the BIM has potential to assist in a
wide variety of biosensing applications.
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