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Next to fi lm adhesion, pinhole density is 
probably the fi lm property of most gen-
eral concern in deposited fi lms. Pinholes 

generally result from either geometrical shad-
owing of surface areas from the impinging 
vapor fl ux or the deposition of the fi lm on sur-
face features that are easily dislodged aft er the 
fi lm has been deposited. Geometrical shadow-
ing can occur because of surface roughness, 
particles on the surface, or inclusions in the 
surface. Figure 1 shows the eff ect of the surface 
morphology and angle-of-incidence of the 
depositing vapor fl ux on pinhole formation. 
Many pinholes do not become evident until 
they are formed by stressing the fi lm material, 
such as by the “tape test” for adhesion, mechan-
ical abrasion, or vibration that causes the 
loosely bonded fi lm or surface feature to 
become dislodged, giving “pinhole  fl aking.”

Particulate contamination of the substrate 
surface outside the deposition system is 
controlled by a variety of techniques, such as 

separating particle-generating processes from 
the substrate preparation area, mechanically 
filtering the air (such as used in cleanrooms 
and cleanbenches), using appropriate cleaning 
techniques, and using proper handling and 
storage procedures. Small particles (<1micron 
in size) are best cleaned from surfaces by 
mechanically knocking them loose in a fluid, 
then flushing them away. Larger particles can 
be removed using air or liquid jets.

Particles that are deposited on the sub-
strates after they have been placed in the 
deposition chamber originate from a variety of 
sources, the most common of which are:
•  particles originating from poor “house-

keeping” in the system that are “stirred up” 
during pumpdown

•  wear particles from moving surfaces in 
contact

•  “pinhole flaking” from films deposited 
on surfaces in the system during previous 
depositions

•  flaking of highly stressed films on surfaces, 
which fracture into small particles

The “stirred-up” particles may be mini-
mized by proper cleaning of the system and 
by using “soft pumping” (i.e., slow evacuation 
rate) during pumpdown and “soft venting” 
when letting up the system to ambient pres-
sure. Wear particles may be minimized by 
using appropriate nongalling materials in 
contact, vacuum-compatible lubrication of 
surfaces in contact, smooth surfaces, and 
minimal contacting force. The fracture of 
stressed films as well as pinhole flaking 
is minimized by limiting the film deposit 
buildup on surfaces in the chamber. The 
ability of particles generated in the deposition 
system to reach the substrate surface depends 
a great deal on the design of the fixturing. For 
example, mounting surfaces so that they face 
upward should be avoided because particles 
will settle on the surfaces due to gravity.

The angular distribution of the impinging 

Figure 1. The effect of surface morphology and angle-of-incidence of the depositing vapor flux on pinhole formation.
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vapor flux on the surface is an important 
factor in the size and the number of pinholes 
generated by geometrical shadowing. The 
more random the flux direction, the smaller 
the number and size of the pinholes. A 
random vapor flux direction is established 
by using substrate-holding fixtures that 
ramdomize the substrate position and angle-
of-incidence in the vapor flux, and/or by 
using extended vapor sources or several vapor 
sources.

In the deposition from molten evaporants, 
“spits” and “comets” may be encountered. 
Spits are solidified globules of the evaporant 
that are deposited on the film during deposi-
tion. These spits come out, leaving large 
pinholes in the film. Comets are the bright 
streaks that are seen in the system during 
deposition, as the hot molten globules (spits) 
are ejected from the source. Molten globules 
originate from the vaporizing material by 
several means.

Upon heating, particularly rapid heating, 
gases and the vapor from high-vapor-pressure 
impurities in the evaporant can agglomerate 
into bubbles and explode through the surface, 
causing spits. For example, oxygen dissolved 
in silver can produce spits. If new material is 
continually being melted, the source of spits 

can be continual. This source of spits can be 
reduced by using pure evaporant material, pre-
heating to degassing the evaporant material, 
slow heating to vaporization, or premelting 
the evaporant. Shutters may be used between 
the source and the substrate so the substrate 
is not exposed to the source until the molten 
evaporant has wetted the surface and is vapor-
izing uniformly.

If the molten evaporant is held in a cru-
cible, vapor bubbles can be formed on the 
crucible surfaces, where they grow and break 
loose. As the bubbles rise through the molten 
material, the hydrostatic pressure decreases, 
and the bubble grows in size. When the bubble 
reaches the surface it “explodes,” giving rise to 
globules of ejected molten material. Materials 
having high vapor pressures at their melting 
points are more likely to give spits from this 
source than are materials that have a low vapor 
pressure at their melting point.

Spits from vapor bubbles in crucibles can 
be minimized by:  
1) polishing the crucible surfaces so bubbles 
don’t stick well and break loose when they are 
small, 2) using “boiling beads” in the molten 
material to prevent large bubbles from forming 
(e.g., chunks of tantalum in molten gold may 
be used to prevent gold spits), 3) using a 

“dispenser” source such as porous tungsten, 
which wicks the molten material, and 4) 
using “baffle-type” vaporization sources such 
that the source material must be vaporized 
several times before the vapor escapes from 
the source.

Spits also can occur when melting solid 
material on a hot surface. If a chunk of 
material is placed on a surface there is poor 
thermal contact between the two and the 
tendency is to overheat the surface. When the 
solid melts and spreads over the very hot sur-
face, vapor bubbles are formed that “explode” 
through the molten material. A solution to 
this source of spits is to premelt the charge on 
the surface to give good thermal contact. This 
type of spitting also occurs when the molten 
evaporant does not wet the heater surface 
(e.g., gold on alumina) but can “roll around” 
on the hot surface.
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