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Figure  1 .  Fabrication process  flow  of vacuum encapsulation using localized  aluminumlsilicon-to-glass  bonding.  

Figure  2 .  SEM  microphotos of folded-beam p-resonators.  

inside the cavity are two major factors that should be minimized  
in order to achieve a low pressure environment in  all  vacuum  
based encapsulation processes.  
During the bonding and encapsulation process, outgassing from  
the glass capsule could degrade the vacuum quality of the pack-  
age  [7 ,8].  In  this encapsulation process, the volume of cavity  
formed by the recessed Pyrex glass cap and the device substrate  
as shown in Figure 3 is about  1.2~10 "l iter.  Any outgassing  
would result in a drastic increase of pressure in  such a small  
volume. Two possible outgassing mechanisms could happen  
during the fabrication  of  vacuum packages: 1) desorption  of  
moisture or gases absorbed  on  the glass surface, and  2)   out-  
diffusion of gases which are resident in the glass. Desorption of  
moisture  or gases can be easily eliminated by baking the glass  
and device substrates at a temperature above 150°C in a vacuum  
oven for several hours before bonding  [9] .  In  the case of out-  
diffusion of gases, the amount of gas out-diffusion  is  determined  
by the solubility difference  of  gases in the glass at different tem-  
perature and pressure environments.  Since the glass  cap  is  

heated  up  during the bonding process, out-diffusion of  gases  
from glass will occur and becomes the major factor affecting the  
vacuum level of the sealed cavity.  

A two step pretreatment of Pyrex glass can potentially re-  
duce the influence of gas out-diffusion. A recessed glass cap is  
first baked under 25 mtorr and 300°C for 1 hour, and is then.  
coated with 3000A Ti/1000A Au layers on the recessed surface.  
Vacuum baking can reduce the total amount of  gases trapped  
inside the glass and metal coating can provide a good diffusion  
barrier to gas atoms. Furthermore, Ti is a good getter material  
for common gases that will further reduce the amount  of  trapped  
gases inside the package and out-gassing during the bonding  
process. Figure  4   shows the  Q  of p-resonators (-103kHz reso-  
nant frequency) encapsulated by glass caps with or without pre-  
treatment and with Ti/Au layer  on  the recessed surface of glass.  
Since Ti/Au layer effectively prevents outgassing from the glass  
cap during bonding, the quality factor improvement from  25  to'  
500   is observed.  
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