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ABSTRACT 

In MCM-D applications, interlayer dielectrics separate and insulate metal conductors to form a 
three-dimensional interconnection structure. Due to the three-dimensional nature of these structures, 
the thermal, electrical and mechanical properties of the dielectric materials must be known for all 
orientations in order to correctly design and simulate devices. The most commonly used polymer in 
microelectronics, polyimide, exists in formulations which have been shown to have a high degree of 
orientation and exhibit anisotropic properties. 1-10 

Measurement of through-plane mechanical properties of thin films is difficult due to the high 
resolution required to measure the small property changes. Existing techniques require either stacked 
thin films or a single cast thick film of 100 micrometers or more to achieve dimensional changes large 
enough to be measurable.7-IO In addition, most existing techniques require removing a large area of 
film, if not the whole film, from a supporting substrate to perform the measurement. These techniques 
neglect the effects of the dielectric -substrate interaction, such as Poisson's effect and adhesive effects. 
Since most MCM-D structures utilize thin films adhered to a substrate, the measured through-plane 
coefficient of thermal expansion (CTE) from these other techniques may not reflect the true thermal 
expansion expected in real devices. 

Similarly, direct measurement of in-plane dielectric properties of in-situ, thin polymer films is 
difficult due to the small cross-sectional area in the thickness direction. To date, all reported dielectric 
constants for polymer films in the in-plane direction have been calculated from Maxwell's relation 
from the optical birefringence of the film. This calculation of the in-plane permittivity may not hold if 
there are any dielectric loss modes that are present at electrical frequencies that are not present at 
optical frequencies. 

This work proposes two in-situ measurement techniques capable of measuring through- plane 
CTE of insulating thin films. The first technique is based on in-situ dielectric measurements utilizing 
two electrode geometries, a comb electrode structure and a parallel-plate capacitor structure. The 
second technique is based on ellipsometric measurements of very thin polymer films (one micrometer 
or less). 

This work also presents an in-situ measurement technique to directly measure the in-plane 
dielectric constant of thin polymer films. This technique utilizes a comb electrode for obtaining a 
measurement of the combined electrical response of the polymer film in both the in-plane and through-
plane directions. A finite element model has been developed to extract the in-plane component of the 
dielectric constant if the through-plane dielectric constant is known. 
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POLYMER DIELECTRIC MATERIALS 
Divinyl siloxane benzocyclobutene (BCB, trade name: Cyclotene 3022, produced by Dow Chemical Co.) is a 

thermosetting, non-polyimide interlevel dielectric. The B-staged (partially reacted) BCB chains are suspended in mesitylene 
to provide a viscosity suitable for spin-coating. The benzocyclobutene reaction mechanism involves opening of the 
cyclobutene ring to form two sites that can then each react with other cyclobutene rings. II Since there is one 
benzocyclobutene group at each end of a chain segment, a total of four ~onds can be formed between each chain segment 
and other chain segments, thereby yielding a thermoset film, as shown in Figure 1 (a). Thermal cure of benzocyclobutene is 
performed at 2700C for one hour in a nitrogen purged furnace. BCB displays very low optical birefringence between the in-
plane and through-plane directions and is generally considered to be completely isotropic due to its three-dimensional 
thermoset structure. 

DuPont PI-2611 (biphenyl dianhydride-p-phenylenediamine or BPDA-PPD) is a polyamic acid-based polyimide that 
reacts via a condensation reaction mechanism upon thermal cure. The polymer is supplied as a B-staged polyamic acid 
solution in N-methyl pyrrolidone (NMP) solvent. The polyamic acid undergoes a ring closure imidization reaction during 
cure which produces water as a by-product as shown in Figure l(b).l2 BPDA-PPD polyimide is cured at 3500c for one hour 
in a nitrogen purged furnace. BPDA-PPD is a rigid rod polyimide system known for low residual stress. Also, BPDA-PPD 
has a high optical anisotropy as shown by the birefringence, between the in-plane and through-plane directions. 1 

 
 
 
 

 





 

    Actual electrodes vary somewhat from this desired geometry due to fabrication inaccuracies, so t the 
actual physical parameters are quantified for each individual electrode. The input parameters to the       
omodeling program are the electrode metal thickness, the distance from the center of an electrode finger t  o to 
the center of the nearest space, the thickness and the dielectric properties of the insulator (generally       I SiO2 
beneath the electrode, and the relative ratio of line width to space in the comb. The ratio of line   
  width to spacing is limited by the use of a relatively coarse finite element grid above the comb  
  electrode. To compensate for the coarse grid, measurement of the comb electrode in air can be used to 
calibrate the sensor by interpolating simulations for a dielectric with a permittivity of one with varying 
numbers of nodes. The hypothetical, fractional number of nodes can be determined from the measured 
electrical properties in air and can be used in later simulations to correctly determine the response of the 

ccomb electrode. 
   There are several inherent assumptions in the modeling of the comb electrodes. The first assumption, 
t that the dielectric properties of the polymer coating are isotropic, is inherent to the simulation software. For           
i this reason, the initial dielectric examined by this technique was chosen to be BCB, due to its low optical  
  isotropy (birefringence < 0.002) which indicates a lack of molecular orientation in the optical properties.  
  Measurements using BCB in both parallel-plate capacitors (through-plane dielectric properties) and comb  
  electrodes (a combination of in-plane and through-plane dielectric properties) have produced the same  
  permittivity at room temperature. This result indicates that the dielectric properties of the film are isotropic.    
hThe second assumption is that the insulating film does not change significantly during heating, i.e., the  
  thickness and dielectric properties of the underlying SiO2 do not change with temperature. This assumption              
sis valid for high quality oxides that exhibit very low CTE (less than I pprn/OC) and little change in  
  permittivity with temperature. Another assumption is that the electrode geometry does not change during the 
t temperature cycling, except for the expansion of the dielectric film. The thin electrodes, good adhesion    
  between the electrode and the underlying SiO2, and low CTE 
  of gold support this assumption over the temperature range from 25-2000C. 
  By placing the dual capacitor structure on a hot plate and varying the hot plate surface temperature, the  
  effect of temperature on the dielectric film thickness in the through-plane direction is determined. By  
  comparison of the simulation to the electrical measurements of the 
ccomb electrode structure, the permittivity as a function of temperature can be determined. 
   A preliminary result for the capacitance as a function of temperature for a BCB dielectric is shown  
  in Figure 3. Using the permittivity from the comb electrode simulation at room 
t temperature, the film thickness, t, (in meters) can be determined from the equation: 

 

t = (E’ Eo A)/C 
(1) 

where 8' is the pennittivity of the dielectric from the comb electrode simulation, 80 is the permittivity 
of free .space (8.85 x 10-12 F/m), A is the parallel plate capacitor area in square meters, and C is the 
measured parallel plate capacitance in farads, 14 Initially, the permittivity is assumed invariant with 
temperature and the value measured with the comb electrodes at 25OC is used in equation (1). A 
measurement of thickness as a function of temperature for a BCB dielectric is shown in Figure 4, using 
the room temperature permittivity of the film. 

 

 

 

 









 











 


