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D uring the past three years, the level of effort in Ti: 
L i N b O 3 integrated optical (IO) devices has 
changed from one or two devices being fabricated 

at a time in R & D laboratories throughout the world to 
10s-100s of devices being fabricated at a time by commer
cial companies. Standard, multifunction, and custom IO 
products are available from Crystal Technology Inc. (CTI) 
as well as other companies. Recently the CTI Integrated 
Optic Foundry has been made available for customers to 
design their own IO device and have them fabricated at 
the Foundry. During this developmental period, the differ
ences between fabricating one device and manufacturing 
many devices have been evaluated. This paper reviews the 
basic fabrication steps and discusses the issues that be
come important when volume manufacturing is consid
ered. 

Ti:LiNbO3 fabrication technology 
The fabrication of IO devices can be split into two dis

tinct areas: fabricating the IO device itself and the full 
packaging of the device. 

The IO device fabrication uses photolithographic tech
niques very similar to those used for the fabrication of 
semiconductor integrated circuits (ICs). One major differ
ence, however, is that the total number of masking steps 
needed for IO devices rarely exceeds three and most often 
is limited to two. Figure 15 shows how the optical wave
guides are formed in L i N b O 3 during the first masking 
step. Here the waveguides are photolithographically de
fined in photoresist, titanium (Ti) is deposited, lift-off is 
performed, and finally the Ti is diffused into the L i N b O 3 

at temperatures exceeding 1000°C for four hours or more, 
depending on the desired waveguiding properties. The 
fabrication of single-mode waveguides at different optical 
wavelengths requires different Ti-strip linewidths, Ti thick
ness, and diffusion times and temperatures. 

The second-layer masking for electrode formation is de
picted in Fig. 16. This processing is similiar to that used 
for the waveguide formation except that no diffusion is 
required. Typical metals used for electrodes are chrome/ 
gold or chrome/aluminum. For some crystal cuts (z-cut, 

for example), an oxide buffer layer is used between the 
waveguide and electrode that resides above it to reduce 
excess optical attenuation. In other crystal cuts (x-cut, for 
example), the electrodes straddle the waveguide and an 
oxide buffer is not required although sometimes used. 

To get the light in and out of the device, the ends of the 
crystal must be lapped flat and optically polished with 
chip-free edges. Finally, if more than one device was fabri
cated on a wafer, the wafer is diced into the final number 
of devices. 

The second area to be considered is the packaging of the 
device. Most often this includes making electrical connec
tions as well as permanently attaching single-mode FO 
pigtails to the IO chip, a radical departure from the pack
aging techniques used in the semiconductor IC industry. 

FIGURE 15. Schematic diagram of the processing steps in 
optical waveguide fabrication. 

OPTICS NEWS • FEBRUARY 1988 27 



FIGURE 16. Schematic diagram of the processing steps in 
electrode fabrication. 

What is required is the permanent optical connection of 
the fiber to the Ti :L iNbO 3 waveguide with a minimum of 
optical insertion loss. Other issues of concern are the me
chanical rigidity of the connection under shock, vibration, 
and temperature extremes. Lastly, but certainly of great 
importance, is the speed and cost of this procedure, since it 
currently sets the cost floor for these components. 

Manufacturing IO devices 

Many facilities throughout the world have fabricated 
small quantities of T i :L iNbO 3 IO devices. Very few, how
ever, have manufactured IO devices in volumes of 10 or 
greater. The techniques used to fabricate one or two de
vices with certain characteristics are considerably different 
than those needed to fabricate 100s and 1000s of similar 
devices if economies of scale are desired. In large quanti
ties, the price of these devices must decrease dramatically, 
and this is only possible if volume manufacturing is ap
proached differently than when fabricating one or two de
vices at a time. 

To be successful in the manufacturing of T i :L iNbO 3 

waveguides, three main parameters are crucial: 
• Ti-strip linewidth 
• Ti thickness 
• Diffusion conditions 

The Ti-strip linewidth is rarely less than 4 µm. Thus 
from a minimum-linewidth-required point of view, this is 

readily achievable. However, it appears that control of the 
absolute linewidth must be within ±0.2 µm and this is 
difficult. Because projection mask aligners are not capable 
of this level of control, either hard-contact lithography or 
direct-write-on-wafer is required. Hard contact lithogra
phy requires substantial mask maintenance for high-vol
ume production and direct-write-on-wafer is expensive for 
low volume production. Thus, one might guess that which 
of the latter techniques is used will depend strictly on the 
volume being processed. 

The Ti-thickness and density uniformity is also a very 
important parameter that must be controlled. Typical de
position techniques result in ± 5 % thickness uniformity 
across the number of wafers being deposited on. For 800Å 
of Ti this would result in a nonuniformity of ±40Å. This 
amount of nonuniformity is detrimental to device perfor
mance in some cases. For example, a 40Å change in Ti 
thickness would result in a considerable change in the cou
pling length for a directional coupler. Recently, techniques 
have been demonstrated which yielded Ti uniformity of 
± 2 % and have been implemented at Crystal Technology, 
Inc. This level of thickness variation is believed to be ac
ceptable for almost all device designs. 

The final set of parameters that must be carefully con
trolled are the diffusion temperature, time, and process 
ambient. Of the three critical parameters discussed, those 
relating to the diffusion are probably the least understood 
and thus are more of an art than a science. 

Standard lapping and polishing techniques are currently 
used to prepare the end-faces of the devices for optical 
input/output coupling. Since this process can be executed 
with many substrates at a time, it naturally lends itself to 
volume manufacturing. 

The least developed of the manufacturing steps is the 
electrical/optical packaging. Today, the attachment of FO 
pigtails is performed by skilled technicians and is a slow, 
expensive manufacturing operation. It is imperative that 
fast, fully automated techniques be engineered and imple
mented. The prognosis for this being achieved is excellent 
with more than a dozen efforts directed towards this goal 
(see following paper by Sellers and Sriram). Once this bot
tleneck is removed, the price reductions required to use 
this technology in many volume applications will be real
ized. 

The ability to do pilot-line production of T i :L iNbO 3 IO 
components exists today. Commercially available stan
dard and custom products are being produced and con
sumed in the 100s per year. Techniques have been identi
fied and are being implemented to allow near-term manu
facturing of these components in the 1000s per year now 
and 100,000s and greater numbers per year by about 
1990. 
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