
Ultra Small OLEd Pico Projector
Ground-breaking, active illumination-free concept 
enables new projection applications

 An ultra compact projection system 
based on a high brightness OLEd micro 
display is developed. System design and 
realization of a prototype are presented. 
This OLEd pico projector with a volume 
of about 10 cm³ can be integrated into 
portable systems like mobile phones or 
PdAs. The Fraunhofer IPMS developed 
the high brightness monochrome OLEd 
micro display. The Fraunhofer IOF desig
ned the specific projection lens [1] and 
in tegrated the OLEd and the projection 
optic to a full functional pico projection 
system. This article provides a closer look 
on the technology and its possibilities.

One of the strongest growing industries of 
the last two decades is mobile communi-
cation; their applications are dramatically 
changing the way we live our lives. Actually 
the communication is limited to speech and 
low bandwidth image or data transmission. 
The key driver for the future of mobile com-
munications will be mobile multimedia. Ac-
tually there is only one way for visual image 
transmission: the mobile display itself. In 
contrast, the presented pico projection sys-
tem modifies the image and data presenta-
tion drastically and submits any information 
onto a screen. Thus, images and data can 
be presented to a group of people. This 
opens a wide range of different kind of ap-
plications beyond multimedia. 

Actual projection systems work with an 
active illumination of a micro display. In  
the majority of cases reflective micro display 
like LCoS (Liquid Crystal on Silicon) or DMDs 
(Digital Micromirror Device) are used. In the 
pico projection system an OLED (Organic 
Light emitting Diode) micro display (Fig. 1) 
is the image device which emitted light by 
itself. Consequently an external illumination 
system is not necessary and the whole opti-
cal projection system can be minimized. 

The image of an OLED micro display will 
be projected onto a planar screen [2]. This 
easy way to project information, images or 
movies enhances the range of applications. 
The challenge is the realization of a high 
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brightness OLED micro display and an ultra 
compact projection system which can be 
integrated into wearable systems like a mo-
bile phone or PDA. 

One of the few disadvantages of actual 
OLED micro displays is the low luminance 
[3, 4]. Nowadays high brightness OLED 
 micro displays with very low energy con-
sumption are developed. Nevertheless an 
adapted optical system with a specific optic 
design is absolute essential to combine 
 excellent coupling efficiency, geometrical 
conditions, transmission, and also the tradi-
tional features for projection lenses like dis-
tortion and field curvature. 

OLEd micro display

Regarding OLED integration small-molecule 
and polymer technology can be used to 
achieve optimal performance. Both approa-
ches target different applications. For micro 
projection applications, high brightness (at 
least 10,000 nits) is one of the most impor-
tant target parameters. Here highly efficient 
SM-pin-OLED structures are used. For easy 
integration of the micro display into full-fea-

tured multimedia systems, a standardized 
high-speed serial video interface will be ad-
ded in order to reduce system-level comple-
xity. To realize highly efficient green (~ 530 ± 
30 nm) top emitting OLED for micro-projec-
tion a p-i-n-type OLED stack with a double-
emission layer will be evaporated on the 
CMOS backplane. A bottom emitting OLED 
with such a stack operates at low voltages of 
2.85 V and efficiencies of 51 cd/A at a lumi-
nance of 1000 cd/m² and 3.4 V/51 cd/A at a 
luminance of 10,000 cd/m² [5]. For a good 
interaction with the ultra compact projection 
optics the top layers are optimized to obtain 
high luminance at small viewing angles. 

System design and Realization

A pico projection system for mobile appli-
cation based on OLED technology is deve-
loped. This system will project images or 
any other multimedia-, business-, and auto-
motive information.

According to the dimension of the OLED 
micro display (Ø 10–15 mm) the system is 
optimized to a small volume of the optical 
system. The whole compact projection unit 

FIGURE 1: Realized  
high brightness 
OLEd micro display 
for microprojection 
applications.

FIGURE 2: Principle  
system design of  
the ultra compact 
projection system  
with the OLEd  
projection engine 
(right).
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has to fit into a mobile device; thus the in-
stallation length should be smaller than 25 
mm. The principle design of the ultra com-
pact projection system is shown in Fig. 2. 
On the right hand side the projection lens 
(IOF) and the OLED micro display (IPMS) 
are placed. The working distance is around 
300–500 mm. The optical magnification of 
the projection is between the factors 12 
and 15. Other critical points are the wor-
king distance and further optical features of 
the pico projection system which influence 
the luminance and the contrast of the 
image. For this reason a specific optic simu-
lation and calculation has been performed.

An optimized projection lens has been de-
veloped by taking into account these optical 
and geometrical conditions. The optical de-

of the MTF for projection lenses should be 
above 50 %. The calculated MTF for each 
field coordinate (0 ± 75 mm) of the projec-
tion lens design reaches values above 60 % 
at a spatial frequency of 42 cycles per mm 
(pixel size 12 µm). That means over the full 
image screen a good contrast of the image 
is achieved. 

The full functional optic and construc-
tive design is shown in Fig 5.

Impact

An OLED based pico projection system for 
mobile applications is developed on the basis 
of a specific optical design of the projection 
lens. Signal element of the system is the high 
brightness OLED micro display for image ge-
neration. This system is realized as a compact 
unit within approx. 10 cm³. The system will 
be presented at the LASER World of PHOTO-
NICS 2009 in Munich, Both # B2.421.
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sign consists of five elements (lenses) with a 
maximum lens diameter of 17 mm and an 
installation length (incl. OLED cover glass) of 
24 mm. The lens design of the pico projec-
tion system is shown in Fig. 3. On the left 
hand side the projection lens and the OLED 
micro display are placed and on the right 
hand side the projection screen is positioned.

In the following overview the system pa-
rameters of the pico projection system are 
collected:

There are a lot of difference evaluation cri-
terions for conventional projection lenses. 
In the Fig. 4 the MTF (Modulation Transfer 
Function) is presented. The lower boundary 

NA image space (OLED) 0.3

NA display space 0.02

Magnification 15x

Object space 8 x 6 mm²

Resolution OLED VGA (640 x 480 pixel)

Pixel size 12 µm

Pixel pitch 12,5 µm

Image space  120 x 90 mm²

Working Distance 300 mm

Wavelength 530 ± 30 nm

Distortion 4 %

Length (lens + OLED) 24 mm

Diameter (lens + OLED) 17 mm

Mechanical dimension 
(lens + OLED)

~10 cm³

FIGURE 3: Current 
optic design of  
the ultra compact 
projection system.

FIGURE 4: MTF 
(calcu lated) of the 
current optic design 
of the ultra compact 
projection unit.

FIGURE 5: design and layout of the 
prototype of the pico projection system.
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