
Abstract 
This paper is concerned on design of organic flow 
deposition system and development of the 
deposition process for pentacene thin film by OFD 
and on electrical characteristics of pentacene films 
deposited by it. OFD will overcome vacuum 
thermal evaporator’s limits and it will provide a 
large-scale mass, uniform and good electrical 
performance. 

1. Introduction

In this paper achievements using OFD are reviewed 
and presented together with recent results. Organic 
thin films could be deposited with a high degree of 
accuracy and reproducibility. Organic Light Emitting 
Diodes (OLEDs) were compared to devices 
manufactured with conventional techniques and 
showed similar or even slightly better performance. 
The combination of OFD with electro-static chuck 
(ESC) technology results in manufacturing equipment 
with vast potential for cost effective manufacturing of 
OLED displays commercially competitive to LCD. 
We tested characteristics of pentacene thin film 
transistor on plastic substrate fabricated by OFD. 

Small molecular weight organic semiconductors 
have delivered very promising results so far in the 
field of organic electronics[1]. Polycrystalline thin 
films of these materials are typically grown by VTE, 
permitting a high degree of purity and a good 
morphology control necessary for reliable device 
operation. 

However, the use of a high-vacuum process is more 
complex for large are substrates and limits the 
throughput. Small molecular weight organic 
semiconductors have delivered very promising results 
so far in the field of organic electronics. It has been 
shown that OFD allows the purity, the structural 

control, and the free choice of small molecular 
material of VTE, while featuring versatility, finer 
process control[2], and potentially very high through-
puts[3]. 

2. Experimental  

ADP's OFD equipment have three important parts : 
source, organic chamber and electro static 
chuck(ESC). Those manage atmosphere and temp. of 
chamber. 

It is important that chamber inner temp. and glass 
surface temp. is controlled. Because it causes effects 
on vapor flow, deposition rate and pentacene’s grain 
size. 

Fig.1. ADP OFD Equipment Schematic 

Figure 1. shows the schematic of OFD (Organic 
Flow Deposition) equipments tightly together from 
the experiment which it sees. It was simulated with 
the parameters of organic source flow, velocity and 
temperature in the chamber. 
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3. Results and discussion 

Common method of organic deposition is thermal 
evaporation,[4] organic molecular beam deposition[5], 
pulsed laser deposition[6] and solution phase 
deposition.[7] Especially this study use pentacene that 
is impossible to solve because of its extremely low 
solubility in organic solvents. But, the loss of the 
organic material is large and there is a limit which 
increases a grain size. Also, it is difficult to large size 
that is having a weak point.[8] 

Fig.2. Velocity RMS m/s 

Figure 2. shows organic material velocity in the 
chamber. It was processed under 2 Torr Chamber 
Pressure and N2 Carrier Gas and Pentacene. Flux was 
50 sccm. Results were 5 mm over the stage. 

We simulated temperature influence that figure 3. 
shows center section temperature with same materials, 
gas and flux. 

Fig.3. Temperature(°C) 

OFD equipment has glass surface temperature 
uniformity under OTFT process like Figure 4. We 
measured one center(G1) point and three corners(G2, 
G3, G4) of glass.  That’s uniformity is ±1 , and it 
gives an effect on deposition thickness uniformity.

(a) 

(b) 
Fig.4. (a)Sensor positions and (b)Glass & chamber 

wall temp. uniformity 

Fig.5.  Pentacene Transistor Depo. Figure 
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Figure 5 shows pentacene grain. It was grown depend on 
temperature. We deposited it at 80  and active layer 
was not patterned. So on-off ratio was not good, but 
transistor characteristics were not poor. 

(a)

 (b) 

(C) 

Fig.6. (a) Transfer, (b) Output and (c) Mobility  
Characteristics of OTFT fabricated by OFD 

Figure 6 shows the transfer and output  
characteristics of a pentacene TFT. The performance 
of the OTFT was the following: a field-effect mobility 
of 0.57 cm2/Vs, a threshold voltage(VT) of -3.0V, and 
on-off current ratio of ~104. The OTFT was measured 
by HP4156B in air. Currently ADP’s OFD equipment 
is in modifying. 

4. Summary

An organic flow deposition equipment has been 
developed and optimized for the deposition of 
pentacene thin films. Pentacene is grown in the 
equilibrium evaporation regime with a deposition 
rates about 2.5 Å/ s. Electrical characterization of 
pentacene thin films has been carried out through 
measurements of inverted coplanar construction thin 
film transistors. 

OFD show mobilities up to 0.7 cm2/V and good 
characteristics. 

Given these results and the unique characteristics of 
the deposition technique, we believe that OFD is a 
considerable technique for high volume production of 
circuits based on small molecular weight organic 
semiconductors.
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