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BACKGROUND INFO ON HgCdTe:
MOTIVATION FOR Si GROWTH

« HgCdTe is an ideal material for long wavelength infrared detection
(8-12 m)
— Infrared detectors such as focal plane arrays

« Technological challenges
— Need for substrates alternative to CdZnTe

Monolithic integration of Siread-out circuits with HgCdTe infrared
detectors

Improve the reliability of infrared detectors

Take advantage of large diameter and inexpensive Si substrates
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TWO APPROACHES TO MINIMIZE
GENERATION OF DEFECTS

HgCdTe

GROWTH OF
BUFFER CdTe
LAYERS

Si substrate

GROWTH
OF STRAIN-RELIEVING

BUFFER
LAYER STRAINED SITiO 3

AMORPHOUS SiO,
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CONTRIBUTIONS IN BOTH GROWING SCHEMES

« MICRON-THICK BUFFER LAYER

— PIONEER IN-DEPTH STUDY OF MORPHOLOGICAL
DEFECTS

« NANOMETER-THIN LAYER

— FIRST-TIME GROWTH AND CHARACTERIZATION OF
SINGLE CRYSTAL CdTe ON COMPOSITE SUBSTRATES:

e SITiO,/SI
« BaTiO,/Si
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CHARACTERIZATION

SCANNING ELECTRON
MICROSCOPY (SEM)

FOCUS ION BEAM (FIB)

TRANSMISSION ELECTRON
MICROSCOPY (TEM)

X-RAY DIFFRACTION (XRD)




SE MICROSCOPY OF MORPHOLOGICAL DEFECTS

These defects locally jeopardize epitaxial growth of epilayers
They could be responsible for device failure




OVERVIEW OF Focus lon Beam OPERATION

1- Selective milling

2-Slab extraction

3-Slab soldering
and thinning




CRYSTALLOGRAPHY

DEFECT-FREE CdTe (001
(001) DEFECT-FREE CdSeTe (001)

DEFECT CdSeTe

Kikuchi diffraction on Si along
a (001) zone axis




DEFECT MICROSTRUCTURE

TEM images of the
defect
microstructure show
the grains and their
texture

Kikuchi diffraction from grains a
and b shows the misorientation of
the grains with respect to the non-
defectuous regions




ANALYTICAL TRANSMISSION ELECTRON MICROSCOPY:
CHEMICAL ANALYSIS

EDS scans were acquired on the
different regions of sample B2.
The numbers on the TEM image
show the CdL /TeL peak intensity
ratios.




SEM IMAGES SHOWING DEFECTS
AT THE Si SUBSTRATE IN DETAIL

With carefully chosen dissection
directions, recent studies show the
defects originate from the Si substrate
and may grow asymmetrically thereafter.




CONCLUSIONS

Pioneer “In-depth” analysis of morphological defects in both CdSeTe/CdTe/Si and
CdTe/Si

Origin
— In CdSeTe/CdTe/Si, defects appear to originate from
* the CdSeTe/CdTe interface. However, the damage can reach back into CdTe
* The middle of the CdTe, approximately 3 m from the CdTe/Si interface

In CdTe/Si, defects appear to originate approximately 3 m from the CdTe/Si
interface

— At substrate level
Crystallography

— Defects are polycrystalline with grain size  pum
Chemistry

— No foreign element found in defects

— Cd/Te ratio remains constant inside and outside defects

Wafer cleaning, shutter movement and growth interruption are possible causes of
morphological defects

*To be published in J. Elect. Mat. 34, 6 (2005)
*Presented in ii-vi workshop (2004) and MRS Spring (2005)




GROWTH AND CHARACTERIZATION OF CdTe
ON NANOMETER-THIN BUFFER LAYERS

e SrTiO,/SI

: — Following Motorola’s initiative

+ BaTiO,/Si

AMORPHOUS SiO,

— Identified material to have larger
lattice parameter and provide better
lattice match between CdTe and Si




« Epitaxial growth of CdTe on GaAs/STO/Si
e Sharp interfaces
 Dislocation behavior is still unclear




GaAs/SrTiO,/Si

CdTe/GaAs




CdTe/BaTiO,/Si




CONCLUSIONS

 Preliminary results show sharp interfaces in
CdTe/SrTiO,4/SI with epitaxial growth and

single crystal CdTe

» Defect density in CdTe/BaTiO,/SI could be
comparable to that in CdTe/Si grown by
conventional methods.




MATERIALS DESIGN SPACE

The 19% lattice
mismatch between
HgCdTe and Si leads to
nucleation of
dislocations, high dark
currents, and reliability
concerns.

2

In the conventional
growth approach
micron-thick buffer
layers are deposited on
Si substrates.
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