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ABSTRACT  
 
 We report a self-contained electrochemical enzyme 
linked immunosorbent assay in microchannel devices 
constructed from low temperature co-fired ceramic with 
screen-printed gold for fast and sensitive assays. No one has 
previously reported a device constructed from these 
materials for combined immobilization and electrochemical 
detection.  These low temperature co-fired ceramic 
microchannel devices used for electrochemical 
immunoassay contain four integrated, individually-
addressable screen-printed gold electrodes. The total 
channel volume is under 0.8 µl. The entire 
immunoassembly and electrochemical detection is carried 
out within the microchannel device-using mouse IgG as the 
model analyte and electrochemical detection of p-
aminophenol is possible within 15 s of introducing the 
enzyme substrate, p-aminophenyl phosphate into the 
microchannel ELISA.  
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1. INTRODUCTION 
 
We have demonstrated the first self-contained 

electrochemical enzyme linked immunosorbent assay 
(ELISA) using mouse IgG as a model analyte in 
microchannel devices constructed from low temperature co-
fired ceramic (LTCC) materials with screen-printed gold 
(SPG) for fast and sensitive assays. The enzyme linked 
immunosorbent assay was developed inside the 
microchannel using a protocol whereby self-assembled 
monolayers (SAMs) of mercaptoundecanol were formed on 
the screen-printed gold on the microchannel wall and 
served as the interface for the covalent attachment of rat 
anti-mouse IgG. Mouse IgG was captured from the sample 
by an antibody, and then a secondary antibody that was 
conjugated to alkaline phosphatase completed the 
sandwich-type immunoassembly. After addition of p-amino 
phenyl phosphate (PAPP), p-aminophenol (PAP) is 
generated enzymatically by immobilized antibody 
conjugated alkaline phosphatase and is detected 

electrochemically using the microchannel electrodes. This 
LTCC-SPG microchannel immunoassay is amenable to 
automation and can be configured to detect pathogens and 
other biological agents. To date, most microchannel 
immunoassays reported have been constructed on glass, 
silicon and polymer materials [1-3]. The advantages of 
using multi-layer ceramics such as LTCC are the high level 
of integration of these materials with embedded passives, 
electronic circuits, and three-dimensional fluid networks. It 
is relatively easy to machine components in the unfired tape 
with feature sizes ranging from 10 µm to 10 mm [4]. It is 
easy to modify the properties of the individual layers and 
integrate desired properties such as incorporating magnetic 
materials. There have been several studies demonstrating 
the use of these materials to create microchannels [4-7] but 
no one has reported a device constructed from LTCC with 
integrated electrodes for combined immobilization and 
electrochemical detection.  . LTCC is marketed in the form 
of unfired flexible sheets with thicknesses ranging from    
50 µm to 400 µm. It is a composite of aluminum oxide, 
glass frit binder, and organic materials. After firing to “burn 
out” the organic binder, the LTCC becomes rigid and has 
very good thermal, mechanical and electrical properties. 
LTCC possess several advantages for use as a platform for 
Lab-on-a-Chip (LOAC) devices. It is compatible with 
screen-printed high conductivity metals such as gold, silver 
and platinum that come in the form of shrinkage-matched 
pastes. These metals can be integrated with LTCC in a 
single firing step without the need of adhesion layers to 
form highly intricate three-dimensional structures with 
unlimited layer counts[4]. Each LTCC layer can be 
fabricated independently, and inspected prior to stacking 
therefore improving yields and cost effectiveness since each 
layer does not depend on the previous process. LTCC does 
not require the use of a clean room nor corrosive and toxic 
solutions as required for photolithography [4]. By 
fabricating electrodes inside the channels we are able to 
make self-contained electrochemical platforms. 
Electrochemical detection is well suited for small volumes 
due to the improved signal to noise ratio and fast response. 
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Figure 2. Cyclic voltammetry response from the
microchannel electrodes (100 mV/s) in a
solution of 5mM Ru (NH3)6

3+  in 0.5 M KCl. The
internal right wall channel SPG served as the
working electrode, the left wall SPG as the
reference electrode and the top wall SPG as the 
auxiliary electrode  

 

Figure 1. (a) Illustration of multilayer stacking to
create LTCC-SPG microchannel device (b) Picture
of microchannel device with edge connector (c)
Schematic of microchannel device (d) cross-
section of channel.  

2. RESULTS 
  
2.1 Fabrication of the LTCC-SPG 
Microchannel  

 
 
2.3 ELISA in LTCC-SPG Microchannel   
 We developed a novel protocol to create LTCC 

microchannel devices with integrated sidewall electrodes 
[8]. These devices were fabricated on pre-fired sheets of 
LTCC of 100-µm thickness using computer numerically 
controlled punching to create the channels and the 
reservoirs. This was followed by filling interconnect vias 
between layers with gold paste, screen printing, collating, 
laminating the layers together then firing the substrate at 
850 oC. The microchannel devices have four internal 
individually addressable SPG electrodes. The 2-sidewall 
electrodes are 0.7 cm long and 100 µm deep .The top and 
bottom wall electrodes each span the length and width of 
the 1.8cm by 120 µm channels .The channel is 326 µm 
deep and the total channel volume is under 0.8 µL. These 
dimensions were estimated from fabrication parameters. 
Figure 1 shows diagrams of these microchannel devices 

  Preliminary studies for the development of the 
microchannel immunoassay were performed on SPG 
macrochips and blocking procedures were developed in 
order to minimize NSA on the SPG in the absence of the 
analyte and on plain LTCC surfaces towards integration of 
the assay into microchannels [9]. The entire 
immunoassembly and electrochemical detection are carried 
out within the microchannel device. The enzyme linked 
immunosorbent assay was developed inside the 
microchannel using a protocol whereby self-assembled 
monolayers (SAMs) of 11-mercaptoundecanol (MUOL) 
were formed on the screen-printed gold on the 
microchannel wall and served as the interface for the 
covalent attachment of the primary antibody (Ab) rat anti-
mouse IgG (coupled to the SAMS via carbodiimide linkage 
using 1-ethyl-3- [3-(dimethylamino) propyl] carbodiimide 
hydrochloride (EDC)). The antigen (Ag) Mouse IgG, the 
model analyte used for the initial studies, was captured 
from the sample by the antibody, and then a secondary 
antibody (Ab-AP), rat anti-mouse IgG that is conjugated to 
alkaline phosphatase completed the sandwich-type 
immunoassembly. After addition of PAPP, PAPR is 
generated enzymatically by immobilized antibody 
conjugated alkaline phosphatase and is detected 
electrochemically using the microchannel electrodes. Figure 
3 shows a schematic of the microchannel ELISA. The 
electrochemical signal was monitored as a function of time. 
The first signal was observed within 15 s and the signal 
increases with time as the PAPP continues to be converted 
to PAP by the alkaline phosphatase on the secondary 
antibody.  

 
2.2 Microchannel Electrode Response 
 
  Cyclic voltammetry was used to evaluate the 
electrochemical response of the microchannel electrode. 
Figure 2 shows the electrochemical response inside a 
microchannel device using 5 mM Ru (NH3)6

3+ as the redox 
probe in 0.5 M KCl electrolyte. This result shows that we 
are able to carry out complete electrochemical experiments 
without requiring additional external electrodes. The 
microchannel electrodes have excellent electrochemical 
characteristics. Detailed electrochemical characterization of 
the LTCC-SPG microchannels can be found elsewhere [8]. 
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Figure 3. Schematic shows (a) crossection and (b)
side view of the LTCC-SPG microchannel ELISA 
and the internal electrodes that are used for 
electrochemical detection   

 
 
The control channels, which had no antigen but had been 
carried through the other incubation steps (MUOL SAM + 
EDC-coupled rat anti-mouse IgG + alkaline phosphatase 
conjugated) show only a background of charging current                  

Figure 4. CV responses  (50 mV/s) to
enzymatically generated PAPR were obtained in
4 mM PAPP in 0.1 M tris buffer over 5 min
incubation in a microchannel device. The solid
curve represents the signal from a microchannel
device that had been carried through the steps
required for complete assembly (MUOL SAM +
EDC-coupled rat anti-mouse IgG + mouse IgG +
alkaline phosphatase-conjugated rat anti-mouse
IgG). The dashed curve is the signal from a
microchannel where the antigen (the analyte),
mouse IgG, incubation step was excluded from the
immunoassembly  (MUOL SAM + EDC-coupled rat
anti-mouse IgG + alkaline phosphatase conjugated
rat anti-mouse IgG) and represents the
background signal.  

but no electrochemical response for PAP in 15 s and even 
after 5 min.  Figure 4 shows results from the microchannel 
ELISA after 5 min incubation in PAPP. The protocol 
employed here is a modification of the protocols used in the 
macroscale experiments [9, 10] and has not yet been 
optimized to take advantage of the increased surface area to 
volume ratio that comes with miniaturization. We anticipate 
that we can significantly reduce the incubation times and 
complete the assay is a shorter time.  
 

 
3. CONCLUSIONS.  

 
These results show great promise toward the 

development of miniaturized ELISA with electrochemical 
detection in devices constructed from low temperature co-
fired ceramic and screen-printed gold. The microchannel 
volume of these novel LTCC-SPG devices is 0.8 µl and the 
electrochemical assay response occurs in 15 s. This robust 
LTCC platform for microchannel ELISA is amenable to 
automation and portability. We have used mouse IgG as the 
model analyte but the assay protocol can easily modified 
toward the detection of biological agents of clinical and 
environmental importance. 
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