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Phase Transformations and 
Crystal Defects  
 

                                                            
 

Defects in HgCdTe Due to Ion-implantation 
 
MBE growth of MCT is under Te-rich condition, 
because, MBE growth under Hg-rich condition results 
in twin defect formation which can degrade electrical 
properties [3-4]. The n-type doping of MCT using 
indium has been accomplished in as-grown MBE. [5]. 
However, p-type doping is difficult to achieve due to 
undoped MCT layer grown under Te-rich condition 
contains high density of Hg vacancies (metallic-site 
vacancies). A solution is to use ion-implantation of As 
to produce p-type material. The resulting material even 
after annealing has a high density of dislocation loops 
and stacking faults that are being characterized. TEM 
micrographs shown at right are taken under different 
imaging conditions are used to characterize the 
dislocation loops and stacking faults.  
 

 

 
 
 
 

 
 
Electrode Materials for Li-ion Batteries 
 
Currently Li-ion batteries are unstable in the 
completely discharged state. This is due to the 
dissolution of the copper electrode. This is why Li-ion 
batteries must always be kept charged. For some 
implantable medical devices this poses a problem. For 
example in pain reduction devices, the patient may not 
need operate the device for long periods of time and 

hence may forgot to charge the device. When the pain 
recurs, the device will be non-operational due to the 
failure of the Li-ion battery from being left in the 
discharged state. 
 
The graph below shows how the Cu dissolution will 
occur due to the Li compounds in the battery if the 
cell voltage is allowed to drop to a low voltage. 
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Peter Will 
MEMS 
 

 

Peter Will’s current research is on MEMS-based voxels for nano-encapsulation of 
material and on various aspects of Microsatellite Systems particularly on time and 
fuel optimal attitude control systems and in the development of vector field 
methods for distributed control of formations of spacecraft. 

Voxels  

 

MEMS–based volume encapsulation or voxel devices were fabricated in the MUMPS process. The release, 
permalloy plating and subsequent magnetic erection from the plane were done at USC. Devices at a variety 
of sizes were built ranging from 20 to 80 microns on a side. The long term goal is the encapsulation of small 
volumes of materials such as therapeutic drugs. 

Open structures 

 

 

 

 

 

 

 

 

 

Closed Structures  

 

 

  

Voxels: left flat as printed b erected as a lotus 

blossom-shaped bowl 

  

 

Pyramid and Open box 





  
 
The efficiency and accuracy of a stochastic approach to 
stochastic partial differential equations also depend on 
how the dependent variables/fields are represented. 
This example shows how the random pressure head 
field is approximated with 1000 independent, equally 
probable realizations in the direct sampling Monte 
Carlo method (MC) in the left and with 28 
representations (with various weights) in the 
probabilistic collocation method (PCM) in the right. That 
is, the MC needs to solve the governing equations for 
1000 times while the PCM only has to solve the same 
equations for 28 times. Despite the vast difference in 
computational efforts, the two approaches led to almost 
the same statistics. 

 
 
Stochastic expansions may be used to efficiently 
represent random fields. The left is a nonstationary 
random field where exists six zones of distinct 
statistics. The eigenvalue problem can be solved for 
each zone and the eigenvalues are ranked globally. 
The eigenfunctions are then projected to the entire 
domain, some of which are shown in the right.  
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Dongxiao Zhang is a professor of petroleum 
engineering and water resources. His research 
group is primarily interested in statistical and 
stochastic analysis and modeling of subsurface 
single and multiphase processes under 
uncertainties, multiscale modeling and simulation, 
and carbon sequestration as a viable option for 
mitigating the greenhouse effect.   

Predictions obtained from numerical simulation 
of fluid flow in oil/gas reservoirs are used to 
manage oil/gas reserves in both mature and new 
fields. Quantification of the uncertainty associated 
with the flow performance predictions is 
necessary for economic risk assessment and 
operational decisions regarding the adoption and 
execution of reservoir management strategies. 
The reliability of flow predictions depends on the 
quality of the information used as well as on the 
ability of the numerical simulations to describe 
accurately the physics of the flow. Accurate 
modeling of reservoir flows requires a detailed 
spatial description of reservoir properties such as 
permeability and porosity. However, only limited 
reservoir characterization information of varying 
quality from different sources is usually available. 
Thus, a major element of risk is due to 
incomplete knowledge of the reservoir 
description, which leads to uncertainty in 
reservoir performance obtained from numerical 
simulations. Monte Carlo (MC) simulation and 
moment equation (ME) approaches are two 
commonly used, complementary methods for 
predicting such uncertainty. However, both 
methods can be computationally demanding and 
sometimes prohibitively expensive, for different 
reasons. Our recent efforts are to develop new 
efficient and accurate uncertainty quantification 
and reduction methods with novel stochastic 
decompositions and by dynamically assimilating 
data.  
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