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Fig. 1. Cell-patch site fabrication process. 

The first photolithography step is then performed on the 
backside of the wafers using AZ5214EIR photoresist 
(Clariant Ltd.) using a standard process provided by the 
resist manufacturer [11]. Openings in the backside silicon 
nitride layer are then etched in a reactive ion etcher (RIE) at 
13 Pa (0.1 torr), 200 W, and 5:1 CF4:O2 for 3 min 
(Techniques Fluorine RIE 800). The wafers are then striped 
of photoresist and placed in to a 30% solution of KOH to 
bulk etch the single crystal silicon in order to form 
membranes as defined by the backside silicon nitride 
openings. As there is nothing to stop the KOH from 
completely etching through the wafer, it is necessary to 
carefully monitor the etch rate and remove the wafers at the 
appropriate time. The wafers are then cleaned and the second 
photolithography step is performed, again using 
AZ5214EIR, to define the cell patch sites. The front-side 
silicon nitride is then etched using the same RIE process as 
the backside silicon nitride. A deep reactive ion etcher 
(DRIE), using a standard Bosch59 process, is then used to 

create a hole through the membrane that forms the cell-patch 
site (PlasmaTherm SLR Series). Once the hole is formed, the 
wafers are cleaned in piranha for 20 min and then further 
cleaned in an oxygen plasma at 150 °C, 66 Pa (0.5 torr), and 
200 W for 30 min (Tegal Plasmaline 515). This cleaning is 
necessary to remove the fluorine-based polymer deposited in 
the DIRE process. The wafers are then cleaned again in 
piranha for 10 min and placed into either a low-temperature 
low-pressure chemical-vapor-deposition (LPCVD) furnace 
or a wet thermal oxidation furnace to deposit a layer of 
silicon dioxide (SiO2) (Tystar Titan II). The 2-µm-thick layer 
of LPCVD SiO2 is deposited at 450 °C and 33 Pa (0.25 torr) 
with 43 sccm of SiH4 and 60 sccm of O2. For wafers 
receiving thermal oxidation, the silicon nitride was removed 
from both sides of the wafer using the RIE process described 
above. The 2-µm-thick layer of thermal SiO2 is grown at 
1100 ºC for 8.5 hr in the presence of saturated water vapor. 
Because the oxide deposition techniques are conformal, the 
deposited film will coat the sidewalls of the hole, thereby 
reducing its diameter. Silicon dioxide, in addition to 
reducing the diameter of the hole, will form the correct 
surface onto which the cell will form a tight seal. It is 
therefore possible to fabricate cell-patch sites with a wide 
range of diameters and with diameters smaller than the 
lithographic capabilities of our optical mask aligner. The 
wafers are then cleaved into 1 cm2 dice and rinsed in ionized 
water (DI) to remove any debris from cleaving in preparation 
for testing. After cleaving, the backsides of several substrates 
were bonded to 1–mm-thick poly(dimethylsiloxane) (PDMS) 
gaskets with 1-mm2 openings in order to investigate the 
effect of fluid contact area on capacitance. 

IV. EXPERIMENTAL RESULTS 

A. Physical Properties 

The optimal diameter for cell-patch sites varies depending on 
the particular application and the size of cell being 
investigated. Cell lines such as HEK, CHO, and others 
typically have cell sizes ranging from 7 µm to 10 µm.  
Acceptable cell-patch-site diameters, when working with 
cells of this size, are 0.5 µm to 2.5 µm. The process 
presented in the fabrication section is designed to be flexible 
enough so that cell-patch sites can be fabricated in this size 
range, without changing the mask set, by varying silicon 
dioxide thickness. 

The physical properties of the cell-patch sites were 
investigated using a scanning electron microscope (SEM) on 
uncoated samples (Hitachi S4700). The micrograph in Fig. 2 
shows the smoothness and cleanliness of a cell-patch site 
prior to silicon dioxide deposition. It was found that if the 
cell-patch site had any residual polymer or other debris from 
the DIRE, the silicon dioxide layer would deposit in a non-
uniform manner resulting in an out-of-round aperture 
unsuitable for seal formation. The micrographs in Fig. 4 and 
Fig. 3 are examples of cell-patch sites showing the range of 
useful sizes that have been fabricated. 




