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ABSTRACT 

This work shows main challenges in ISFET encapsulation. 
It analyzes SU8 drawbacks as an encapsulant and presents 
a novel flip-chip bonding packaging concept. 
Keywords: ISFET, SU8, CMOS, encapsulation, flip-chip 
bonding  

I . INTRODUCTION 

The close correspondence between ISFETs and MOSFETs 
makes it extremely beneficial to combine ISFETs and 
MOSFETs in the same silicon chip.  
Standard CMOS production of ISFETs will allow their 
implementation as compound blocks of chemical, 
biochemical or biomedical micro systems, which may 
include sensors, standard CMOS electronics, and other 
CMOS compatible sensors and actuators. 
However, one of the main delay factors on the way to 
ISFET breakthrough to the free market is an encapsulation 
problem. Major complexity is separation and protection of 
the chip metallization and wirings areas from the fluid. 
Current research shows central challenges in CMOS 
compatible ISFET fabrication and analyzes SU8 as an 
encapsulant.  
One of the most accepted ways to encapsulate ISFETs is 
to isolate sensors interfaces with water resistant epoxies. 
However, this technique can be handled only manually 
and does not allow automation of the process. In this study 
we examine SU8 as an encapsulation alternative, due to its 
implementation simplicity and claimed water resistance.  
In addition, this work presents a new packaging concept – 
standard CMOS chip ISFETs flip-chip bonding 
encapsulation. This type of package covers all the sensor 
surface and conducting wires and reveals the sensing 
areas.   

I I . ISFET PRINCIPLES AND DESIGN 
BASED ON CMOS TECHNOLOGY 

The sensitivity to ions results from removing of the 
MOSFET metal gate contact and exposing the gate 
insulator to an electrolyte solution. �[2] The contact to the 
electrolyte gate is provided by a reference electrode. The 
structure of the ISFET is presented by a cross-section in 

�Figure 1. 
The interface between the sensing layer and the electrolyte 
contains hydroxyl groups, which accepts or donate 
protons, thus double-layer capacitance created with a 
potential drop, influences the threshold voltage of the 
transistor(1): 
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where � M, � S - metal and silicon work functions, QSS – 
oxide-silicon interface charge, Qox and Cox – silicon charge 
and capacity respectively. 
There are few extra terms in ISFET threshold voltage 
equation in compare to standard flat-band voltage 
equation. Those terms depend on interfaces between the 
reference electrode and the liquid and between the solution 
and the gate oxide. All the components in (2) are constant 
except pH dependent � 0  - surface potential: 
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where � sol – surface dipole potential of the solution, ERef  - 
voltage contribution from reference electrode.  
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Figure 1.  Cross-section of ISFET with SU-8 
encapsulation 

I I I . ISFET FABRICATION BY CMOS 
POST-PROCESSING WITH SU8 

ENCAPSULATION 

Literature Error ! Reference source not found.,�[2],�[3] 
suggests few encapsulation solutions, most of them 
demand handicraft. SU8 was recommended �[6]as an 
optional encapsulant, earlier used for MEMS 



encapsulation, with stability for KOH and possible for 
mass production. Here we propose utilization of SU8 as 
encapsulant for ISFET sensors, due to its implementation 
simplicity and claimed water resistance. 
 However, SU8 treatment usually demands cure stage in 
fabrication approximately on 200ºC.�[4],�[6]   Cure causes 
the material to be homogeny and consolidate. This stage 
bring SU8 has different thermal expansion coefficient then 
silicon, therefore high temperature variations can cause 
micro cracks in the interface between the silicon and 
encapsulant during the process. In order to avoid the 
phenomena, it was decided to skip the cure stage of the 
fabrication and investigate the properties of the sensors 
with "uncured" SU8 as an encapsulant. 
The following post-process was implied on chip produced 
in standard CMOS MOSIS AM1.6 technology. The basic 
sensors structure was fabricated to competed encapsulated 
ISFET sensors by the post-processing of the chip produced 
in standard MOSIS AMIS 1.6u technology.  Polysilicon 
gates of all sensors are covered by aluminum film, defined 
in the process. The layers are connected by large vias. 
Post-processing and encapsulation include four critical 
stages introduced by �Figure 2. 
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Figure 2.  SU-8 encapsulation process flow.  

[1] Sensing layer evaporation - The selected sensing layer 
is platinum-titanium with thickness of 1200 Å.  The 
layer is fabricated FC 1800 evaporator.  

[2] SU8 flattening - SiO2 can also act as a sensing layer; 
therefore the entire chip surface except the sensing 
areas should be isolated from the fluid. 3200 SU8 was 
flattened on top of the chip at 3000rpm with thickness 
of 39um. 

[3] Wire-bonding - the chip is attached to a standard 
ceramic package and wire-bonded as a usual chip. 

[4] The last stage of encapsulation is protection of 
conducting wires with epoxy. Two types were used: 
EPO-TEK 905 and EPO-TEK 353ND-T. Those types 
have low temperature curing; therefore high 
temperature stress during fabrication is avoided. 
Specified epoxies also have high viscosity and exhibit 
a high resistance to solvents and chemicals. 

 

Figure 3.  Top-view of sensors chip with SU8 coating.  

IV. EXPERIMENTAL 

In order to perform laboratory experiments, a 5ml plastic 
funnel is adhered to the chip and the ceramic package and 
hermetically sealed as shown on �Figure 4. The solution 
under test was poured in and removed with washing bottle. 
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Figure 4.  Experimental setup 

The characteristics are measured using the HP3562A 
Semiconductor Parametric Analyzer. The ISFET 
connection is configured as in a regular MOSFET with 
reference electrode replacing the gate of MOSFET. The 
devices were tested in PH4-PH8 range. 
The experimental characterization of SU8 encapsulated 
sensors is based on I-V curves and effective gate leakage 
measurements. The measurement was performed at the 
following order: PH5 �  PH6 �  PH7 �  PH8 �  PH8 �   
PH7 �  PH5 �  PH4 �  PH3. 
Two groups of curves can be observed on �Figure 5. The 
upper group is related to the PH raise, the bottom related 



to the descent of the PHs. During the measurement gate 
current increased from 10nA to 2mA, which indicates on 
strong defects in an encapsulation layer. 
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Figure 5.  I-V characteristics of sensors at various 
PHs.  

 

 

Figure 6.  Top-view of sensors chip with SU8 coating 
after measurements.  

�Figure 3 presents the sensors after production and before 
the exposure to solution. 
 �Figure 6 presents the photography of sensors chip after 
contact with an assortment of PH solutions. One can see at 
the picture that the surface of ISFETs has non-uniformities 
defects and cavities. 

V. NEW CONCEPT  

�Figure 8 presents a design flow of new encapsulation 
concept for CMOS compatible ISFETs.  Flip-chip bonding 
encapsulation defends the entire chip surface from fluid 
and exposes only the active areas. In addition, the concept 
allows an integration of easy done reference electrode in 
packaging process. 
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Figure 7. Flip-chip bonding encapsulation process 
flow. 
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Figure 8.  Cross-section of ISFET encapsulated by 
CMOS compatible flip-chip bonding method. 

In this encapsulation method piece of especially processed 
standard silicon wafer covers the sensors. Package area is 
slightly bigger then actual chip size. 
Etching procedure defines holes through packaging wafer 
equivalent to sensors active areas. Layer of silver 
evaporated on top of the package is engaged as a reference 
electrode. Ag conductors with topology fitted chip pads 
are evaporated on the opposite side of the wafer. �Figure 8 
The package is attached to chip with conducting epoxy.  
Metal wires are soldered to the package conductors and 
the reference electrode and carried underneath the sensors 
chip. Final encapsulation of the device is achieved by 
coating the whole system by nonconductive, high viscosity 
epoxy, which spreads with low temperature heating. 
Active areas are protected from being covered with epoxy 



with photoresist, which is removed later with acetone. 
�Figure 9 presents the top view on flip chip bonded sensor. 
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Figure 9.  Top-view ISFET encapsulated by CMOS 
compatible flip-chip bonding method. 

VI. CONCLUSIONS 

Current paper presents research on integration of ISFET 
sensors in CMOS technology.  The work deals with one of 
the most concerning issues - encapsulation of CMOS 
compatible ISFETs. Major complexity is separation and 
protection of the chip metallization and wirings areas from 
the fluid. 
New concept of encapsulation involving SU8 was 
developed, performed and characterized with skipping of 
cure stage. The results show corrosion and non-uniformity 
after the exposure to examined solution. Skipping of the 
cure stage avoided creation of micro cracks but caused the 
aforementioned problems.  
In addition, a novel encapsulation method was presented – 
flip-chip bonding. The method uses specially fabricated 
piece of silicon wafer and reduces the amount of hand 
work applied. 
In the future the flip-chip bonding encapsulation technique 
should be fabricated and tested. This concept is also good 
not only for encapsulation of big chips, but also for 
miniaturized systems for implementation in in-vivo and 
in-vitro measurements. The general purpose is to employ 
flip-chip bonded ISFET in medical catheters. 
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