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Figure 2: Fabrication Flow- Pattern metal on oxide (1-2),Patern SU-8 

dielectric over electrodes and interconnect(3), Create embedded SU-8 

microchannel on backside(4-5), Etch and release probes with Deep 

Reactive Ion Etching(6) 

Figure 3: Varying wavelengths of light used to create the embedded 

microchannel. Ultraviolet light with wavelengths > 365 nm 

transmits completely through the SU-8 to define channel walls. 

Lower wavelength light at 312 nm seals the channels and defines 

inlets and outlets ports. 

 

and connects to a 2 mm x 2 mm base. In order to increase 

the mechanical strength of the shank, it is curved into the 

base instead of a linear taper (not depicted in three 

dimensional rendering in Figure 1). The base of the shank 

begins to curve at 700 µm from the base. The 10.18º angle 

of inclination from the medial was designed to be less than 

20º to mitigate potential trauma from insertion[11]. Eight 

150 µm diameter wire bonding pads were connected to eight 

60 µm diameter electrode sites on 500 µm centers with eight 

15 µm wires separated by 25 µm.  

 

 
 

III. FABRICATION 

The fabrication of the topside electrode interconnects, 

traces, bonding pads, and dielectrics are illustrated in Figure 

2. First, 0.5 µm SiO2 was grown under thermal oxidation at 

1100ºC to insulate the electrodes. Next, gold pads, electrode 

sites, traces, and interconnects were patterned via lift off 

(Shipley 1827 3500 RPM, 30 seconds, acceleration 500 

rpm/s, 10 minute bake at 95ºC, 220 mJ/cm
2 
exposure on Karl 

Suss MA6 Mask Aligner, 50 seconds development using 

Microposit MF-319,  20 nm Ti/ 150 nm Au). Finally, 2 µm 

of SU-8 were patterned to serve as the top dielectric.  

After the electrode interconnects were fabricated, the 

fluidic channel on the reverse side was constructed.  

 

The fabrication of embedded SU-8 microchannels 

There is a well-established phenomenon known as  

³7-WRSSLQJ´� WKDW� RFFXUV� ZLWK� 68-8, where the top corners 

overhang[12]. T-topping occurs due to low optical 

transmittance of SU-8 for wavelengths below 350 nm as 

these wavelengths cannot penetrate beyond the surface of  

SU-8. The manufacturer of SU-8, Microchem Inc., suggests 

using a filter to eliminate wavelengths below 350 nm to 

obtain vertical sidewall profiles. However, instead of 

eliminating the lower wavelength light, it could be used to 

our advantage in sealing microchannels. The embedded 

microchannels were fabricated by first spinning 2 �P�RI�68-

8 2002 to increase adhesion and reduce delamination. Next, 

180 �P of SU-8 2050 was spun on the wafer. The first 

exposure with the 365 nm unfiltered light defined the 

channel walls and probe shape (400mJ/cm
2)

. The wafer was 

baked at 10 minutes at 65ºC, 10 minutes at 80ºC, 20 minutes 

at 90ºC, then cooled gradually for 10 minutes at 80ºC, 10 

minutes at 65ºC. Finally, the hotplate was turned off to allow 

the wafer to reach room temperature. Next, the channel roof, 

inlet, outlets, and probe shape were patterned with exposure 

to UV light filtered by the 312 nm band pass filter (480 

mJ/cm
2
). Figure 3 depicts a cross-sectional view of this 

process.  

 
 

Topside Probe Release 

 Once the channel was fabricated on the backside, the 

opposite side was patterned to define the probe shape. ����P�

AZ 4620 photoresist (1000 RPM, 1 minute acceleration at 

500 rpm/s, 20 minute baking at 95 ºC, 600 mJ/cm
2 

exposure 

on Karl Suss MA6 Mask Aligner, 5 minutes development 

using 1:3 AS400K:H20). Next, the device wafer was 

mounted to a 500 um thick handle wafer using photoresist 

and thermal grease. Photoresist was spun on the edge of the 

handle wafer and thermal grease was added to the device 

wafer while avoiding the devices. The two wafers were 

brought in contact and placed in a 90ºC for 40 minutes. The 

initial oxide was patterned using Trion (150mT, RIE RF 

100W, CF4 45 sccm, O2 5 sccm, He pressure 5mT, etch 

time 20 minutes). The patterned photoresist and oxide 

defined the mask for Deep Reactive Ion Etching (DRIE) 

etching. The wafer was etched in Surface Technology 

Systems DRIE system until each probe separated 

(approximately 165 minutes). The probes were soaked in 

acetone for 30 minutes, then isopropanol for 2 days to 

remove photoresist, and finally 10 minutes in ultrasonic bath 

to remove any residual photoresist.  
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 Figure 4: Results of fabricated probes. Side view of fabricated probe(Top 

Left), Precisely defined electrodes(Top Right), Bonding pads(Bottom 

Left), Fabricated probe pictured on top of a penny(Bottom Right) 

 

 

IV. RESULTS 

Several hundred prototypes 7 mm long multielectrodes 

were fabricated with a 5 mm penetrating shank and a 2 mm 

x 2 mm base. One surface of the probe consists of eight 160 

µm diameter wire bonding pads connected to eight 60 µm 

diameter electrode sites on 500 µm centers with eight 15 µm 

wires interconnects. On the opposite surface lies a 200 µm 

SU-8 embedded fluidic channel. Figure 4 depicts photos 

taken of the fabricated probes. The current design and 

fabrication process yields over 70 multielectrodes from one 

4 inch wafer. 
  
1) Channel Testing 

 

The presence of a channel was checked visually and 

mechanically by inserting a 50 µm into the inlet (Figure 5), 

and by pumping dye through the channel (Figure 6). In order 

to characterize the channel flow for probes fabricated with 

our method, we designed fluidic test channels. The 

fabrication procedure was identical to our process, but the 

dimensions differed in length and width. Four 10 mm 

channels of 200 µm, 300 µm, 400 µm, and 500 µm widths 

were fabricated. A 100 µl pipette filled with 1% blue dye 

was put in contact with the channels and capillary action 

drove the fluid to the outlet (Figure 7). The velocity of fluid 

movement via diffusion from capillary forces was measured 

to range from 50 mm/s (200 µm wide channel) to 60mm/s 

(500 µm wide channel). These results suggest once drugs are 

pumped into the channel, they should be released quickly. 

Structural strength was investigated by penetrating a 

IURJ¶V� VFLDWLF� QHUYH� DQG� 3'06�)LJXUH� 8). The YRXQJ¶V�

modulus of a peripheral nerve is about 600 kPa[13] and the 

modulus of PDMS is about 1MPa[14]. Figure 8 

demonstrates that the electrodes could penetrate both the 

nerve and a stiffer PDMS without any structural damage. 

  

2) Electrical Test 

The electrical impedance in 0.9 % saline was measured 

using a standard three cell configuration. Sine waves from 

10 Hz to 1 MHz was passed through neural electrode and Pt 

counter electrode. TKH�FXUUHQW�ZDV�PHDVXUHG�DFURVV�D���N� 

resistor. The voltage drop measured between the neural 

electrode and a Pt reference electrode was divided by the 

current to obtain impedance. Impedance was between 500 

k� to 800 k� which was within range of other 

microelectrodes[15].  

Figure 8: Mechanical test. Insertion of electrRGH� LQ� IURJ¶V� VFLDWLF� QHUYH�

(Left), Insertion through PDMS(Right). 

 

Figure 6: Embedded microchannel. Fluidic inlet(Top Left), Red dye 

pumped in channel(Top  and Bottom Right), Fluidic outlet(Bottom Left) 

Figure 7: Fluidic channel velocity test- blue dye moving through a 500 µm 

width channel (Top), blue dye moving through a 200 µm width channel 

(Bottom), the large bubble on the left of the 200 µm width channel was not 

part of the test (Bottom). 

Figure 5: Wire inserted into the inlet of the fluidic multielectrode 
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Figure 9: Stimulating and recoding testing. Stimulating electrode on 

channel 1, recording electrode on channel 2 

 

V. CONCLUSION 

   

This paper has described the design, characterization, 

fabrication, and testing methods of a neural electrode with 

simultaneous fluidic delivery and electrical capabilities. The 

fabrication process discussed above was designed to rely 

only on MEMS based processes which allows for precise 

dimensional control. Although the work presented here was 

fabricated for applications in brachial plexus nerve, the 

fabrication procedure could easily be adapted to other parts 

of the nervous system including smaller nerves and the 

cortex. All of the processes used in fabrication are dependent 

on photolithography, and therefore other geometrical 

configurations can be readily produced by modifying the 

photomask design.  
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