
Abstract 
A key challenge of designing and constructing biohybrid robots is interfacing between the biological and 
synthetic components. In this project, we attempt to address this challenge in our construction of micro-
scale motor components for a novel autonomous underwater robot. This swimming robot is designed to 
use photoproduction to interface between the electrical components of the robot and the actuator cells 
that propel the robot forward. Using electrohydrodynamic jet (E-Jet) printing, we aim to fashion a blue-
emissive organic light emitting device (blue OLED) to excite muscle cells containing channelrhodopsin. 

Methods 
In order to maximize the possible applications for constructed biohybrid robots, development of easily 
constructed, microscale electronics is necessary. Our solution for this is to utilize e-jet printing to rapidly 
create a microscale blue emitting OLED for use in our robot’s muscle actuators. The e-jet printer uses a 
custom computer interface to couple the substrate stage, pneumatic back pressure system, and electrical 
field strength to eject a precise droplet, or string of droplets, onto a prescribed substrate . E-jet printing is 
unmatched in resolution and feature size compared to other rapid deposition techniques like inkjet 
printing and spin coating. In our case, a DC voltage is applied to a conductive nozzle, such that the 
cathode metal is ejected onto a coated flexible substrate (Kapton). The Electron Transport Layer, Emissive 
Layer and Hole Injection Layer are printed under nitrogen due to their innate reactivity with oxygen and 
water. Before removing from the nitrogen chamber, a transparent anode (ITO) is printed on the top of the 
organic layers and the entire device is encapsulated in a transparent polymer. Once encapsulated, 
collagen is printed on top of each device, through which the engineered muscle cells are cultured and 
grown .  
  

Introduction 
Recent breakthroughs in synthetic biology have led to the development of programmable bacteria— cells 
engineered to sense analytes in their environment (toxins, explosives, nitric oxide, pH) and execute 
specific programmed tasks. To harness the power of these microbes to assay and modify their 
environment, it is necessary for the cells to be able to receive external signals and transmit information. 
Thus two-way communication interfaces with engineered devices are a crucial aspect of this developing 
technology. The current focus of this research is construction of an effective interface with engineered 
muscle cells. These muscle cells are programmed with a channelrhodopsin gene, which allows for 
activation of contraction upon receiving a blue light stimulus. Microscale blue emissive organic light 
emitting diodes forge this pathway between electronic robot hosts and the engineered muscle cells. This 
interface establishes a unique biohybrid actuator for locomotion, and is an important component of our 
design for a multi-faceted biohybrid robot prototype for use as a sensor of aquatic environments. 

Data 
Due to the novel deposition method used in our methods, extensive work has been done to determine 
proper ejection characteristics for each solution used. Early device layouts used PEDOT:PSS as a hole 
injection layer. Using a basic square patterning geometry, PEDOT:PSS was printed onto an ITO anode on a 
glass substrate at decreasing scales for testing purposes (Fig. 5 A,B). As an emissive layer and hole 
transport layer, PVK:Tris[ir] was printed on top of the PEDOT:PSS in a 50um x 50um square, shown in Fig. 
5C below. The final layer, the cathode, was printed using silver in a 20um x 20um grid, featuring 1um 
wide lines spaced 1 um apart (Fig. 5D). Two materials were printed to test their response to a muscle cell 
culture. To the left, Figure 2 depicts a muscle cell culture on collagen, printed at approximately a 100um 
line width and on gelatin, printed at approximately a 30um line width. These results demonstrate the 
feasibility of using e-jet technology for printing the necessary layers for OLED devices. 
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Conclusion 
By capitalizing on recent advancements in synthetic biology, two-way communication interfaces can be 
utilized for limitless robotic processes. In this research, an integration of blue OLEDs with engineered 
muscle cells shows potential for locomotion in biohybrid robots. A unique construction process, enabled 
by e-jet printing, delivers rapid and inexpensive production of the OLED device and cell attachment 
solution. Looking forward, the combination of e-jet technology and synthetic biology forges a path to 
further advancement in biohybrid robotics. Accordingly, future ambitions for the biohybrid robot 
discussed in this research include e-jet printed photodiodes and nitric oxide sensors. This organic sensor 
suite utilizes input to direct standalone navigation. Furthermore, the development of a low cost, 
disposable, biohybrid micro-robot could have widespread impacts and be employed in myriad industries 
and research applications, such as environmental surveys or underwater explosives detection. 
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Figure 5. E-jet printed layers for the blue emissive OLED. A,B. PEDOT:PSS. C. PVK:Tris[Ir]. D. Silver cathode. 

Figure 4. Configuration for biohybrid 
micro-robot, incorporating two-way 
interfaces at sensor cells/photodiodes 
and muscle actuators/blue OLED. 

Figure 3. Top left. Configuration of 
muscle actuators including muscle 
cell cultures in collagen grown on 
top of encapsulated blue OLED and 
flexible kapton substrate. 
Contraction of muscle cells is 
initiated by light emitted from OLED. 
Bottom right. Diagram of layers used 
to construct blue emissive OLED. 

Figure 2. Top Left Basic e-jet printing layout with visual explanation of droplet formation as applied voltage increases Top Right A rose printed using e-jet 
technology with a comparison between the diameter of e-jet and ink-jet droplets Bottom Left Droplet diameter vs frequency of drop deposition for both ink-jet 
and e-jet technologies Bottom Right Muscle cells seeded onto e-jet printed lines of collagen and gelatin  

Figure 1. Break down of e-jet platform used 
throughout this  described research 


