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Abstract 
First demonstrators of bi-directional OLED 

microdisplay devices have been developed and 

integrated into see-through HMD optics. The device 

combines 'display' and 'imaging' by nested OLED pixels 

and photodetectors in a single CMOS chip. Major aim of 

this integration is to provide capabilities for eye-

tracking to achieve gaze-based human-display-

interaction. 
 

 

1. Introduction 

 

OLED-on-CMOS microdisplays can be used for 

near-to-eye (NTE) applications such as viewfinders of 

cameras or head-mounted displays (HMD). Especially 

in see-through augmented-reality (AR) applications it 

would be helpful if the user has a possibility to 

interact with the display content in an augmented-

reality setting while preserving hands-free operation. 

Such user interaction can be handled by an eye-tracker 

based on an integrated near-infrared (NIR) camera 

(gaze control). Therefore integration of NIR camera 

photodetectors and AMOLED microdisplay into a 

single device will lead to a highly integrated, very 

light-weight, small-sized bi-directional microdisplay 

("OLEDCam"), which can be used as visual Input-

/Output-Device (I/O) for personal information 

management (PIM). Applications could be in mobile 

communication (connected to smartphone), industry 

(worker assistance), medicine (surgeon assistance), 

security (surveillance, pilots), barrier-free operation 

(handicapped people), travel/transport (driver assistance, 

tourist information), or others. 
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Fig. 1.  Basic concept of a see-through HMD for 

interactive augmented-reality applications 

 

 

2. Experimental approach 
  

The use of OLEDs in active-matrix (AM) CMOS 

substrates requires a top-emitting, low voltage and 

highly efficient OLED stack. Bi-directional 

AMOLED-microdisplays potentially require high-

speed OLED switching behaviour (<100µs), since 

display and eye-tracker camera have to work time-

sequentially to avoid optical crosstalk between display 

and camera, and to minimize distortion in the eye-

tracker camera. 

An AR system combines the real world with 

additional computer-generated objects. Several 

applications like medical, military aircraft, 

manufacturing and entertainment increasingly use AR 

systems as a human-computer interaction tool. 

Common AR systems have low form factor, high 

power dissipation and are less mobile. Using an 

OLEDCam device may result in reducing external 

electrical and optical components and downsizing the 

HMD. Another aspect to realize a light-weight AR 

system is a high-performance mobile host-system. 

This handles the camera images from the eye scene 

and calculates control information, e.g., the mouse-

cursor control.  
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A first prototype of a bi-directional OLED 

microdisplay device has been designed and 

manufactured. Major aim of this integration is to 

provide small form-factor display and eye-tracking for 

see-through HMD applications (augmented-reality). 
 

 

3. Results 
 

3.1 Prototype OLEDCam device 

Based on OLED pixel and photodiode co-

integration an OLEDCam device has been designed. 

This unique device consists of a nested matrix of 

OLED pixels and photodiodes, as shown in Fig. 2. 

The integrated electronic components to drive the 

OLED microdisplay and read out the camera are 

illustrated in Fig. 3. 

 

 
Fig. 2.  Nested matrix of OLED pixel and 

photodiodes 
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Fig. 3. OLEDCam circuit block diagram 

 

3.2 Bi-directional see-through HMD optics 

The bi-directional optics combines the OLEDCam 

with the optical system, performing different tasks: 

First providing see-through functionality from the 

human eye to the real world. A second function is the 

projection of a magnified virtual image from the 

OLEDCam microdisplay. A further capability is 

capturing the user's point of gaze. The bidirectional 

optics has to perform all functions at the same time. 

Because of the entanglement of the optical paths from 

the OLEDCam surface it is required to decouple the 

spectral range between the microdisplay and the 

camera. The microdisplay operates in the visible range 

(VIS) and the camera in the near-infrared range (NIR). 

To provide near-infrared light, an NIR illuminator is 

required on the bidirectional optics (NIR-LED). 
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Fig. 4.  Optical paths of the eye-capturing see-

through testbox 

 

 

 

Fig. 5.  Testbox photograph with fully 

illuminated microdisplay 
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4. Summary 

 

First prototypes of OLED bi-directional 

microdisplay have been developed and successfully 

initially operated. Conceptions of initial bi-directional 

optics and challenges of a first optical test box are 

discussed. Ongoing work is the design of a full-colour 

OLEDCam with VGA resolution, integrated camera-

readout components, improved bi-directional optics 

and eye-tracking in an AR system environment 

(supported by the Fraunhofer Internal Programs under 

Grant No. WISA 817 805, see www.istar-project.org). 
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