
CINCINNATI UNJY ON SOLID STATE ELECTRONICS LAB
J T BOYD ET AL. 0 JAN 86 RFOSR-TR-96-0136

INCL ASSIRFOSR-84-028-62B F/I 4/2 NL



, ..

., II .m2 |2.2"'""

.;" I m -'"" '"*

JAM6*

11111'.--IJI 2 5 IIIlil

MICn(OP:CAR

17

26-

,.-. -.I
,. ,"".

ml.i° i", %

";"-;11'1-"I.U.



AFOSR-TR- 86-0158
Final Report

RAMAN SPECTROMETER WITH

MICROPROBE CAPABILITY

Department of Defense (DOD) University Research
Instrumentation Program (FY1984/FY1985)

DTIC
Il ELECTE£.!

..-J. T. Boyd and H. E. Jackson APR 29 I

Solid State Electronics Laboratory
Department of Electrical and Computer Engineering

University of Cincinnati
Cincinnati, Ohio 45221

., 0-,r -- ,le LQ~w kpproer ,.012 U1*1 '

Prepared for the:

Air Force Office of Scientific Research

Grant AFOSR-84-0287

January 15, 1986

06 4 28 112 12



Unclassified ,~ /~ o~
ff jrWY CLASS 9CATON O$ HI AGE IL

REPORT DOCUMENTATION PAGE
Is. REPORT SiCo.RtTY CL.ASSIFICA7iC. lb. RESTRICTIVE MARKINGS ..

Unclassified W_______________________

Za. SECuRTY CL.ASSIFICATION AuTrCRITY 3 DISTRIBUTION /AVAILABILITY OF REPORT -

2b. DECLASS.,C.AT.ON i DOWNGRAD.NG SCHEDULE Apoe o ulerlae

4. PERFOR.M..%G ORGANIZATION REPORT NUMBER(S) S. MONITORING ORGANIZATION REPORT NUMBER(S)

AFOSR-TR. 86 -015 6
6a. NAME OF PERFORMING ORGANIZATION 6b. OFFICE SYMBOL 7a. NAME OF MONITORING ORGANIZATION

Universiky of Cincinnati (if applicable)

6C. ADDRESS (Ctry St & optrEgg 7b. ADDRESS iCity, State, and ZIP Code)
* Deoart,-e nt oNidcr'a optrEgg

.ail Location #30
Cincinnati, OH 45221

Sa. NAV:E OF rU NDING/ SPONSORING 8b. OFFICE SYMBOL 9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER
* ORGANIZATION Air Force Off ice (if applicable)

2 rf Scian-i-Fic R esearch I -

Sc. ADDRESS (City, State, and ZIP Code) 10 SoURC OF FUNDING NUMBERS

LoIlin- Air Force Base, D.C. 20332 PROGRAM IPROJECT TASK -- WORK UNIT
LEMENT NO. NO. NCI1  ~ ACCESSION NO.

I 1 TITLE (include Security Clai fcation)

Pa.-an S:ectroneter with t-icroprobe Capability

* 12 PERSONAL AUTHOR(S)
J. T. Boyd and H. E. Jackson

13a. TYPE OF REPORT 13b. TIME COVERED 114. OATf/IF_ ~RT (Year, Month, Day) S.PAECON
Final FROM 7/15/84 To 7/15/8 /7i .PG ON

6. SUPPLEMENTARY NOTATION

17. COSATI CODES 18. SUBJECT TERMS (Continue on reverse if necessary and identify by block number)

*FIELD -GROUP SUB-GROUP

19. ABSTRACT (Continue on reverse if necessary and identify by block number)

- ---"This report describes the results of this equipment grant funded as

a part of the Department of Defense (DOD) University Research
Instrumentation Program. for fiscal years FY1934/FY1935. ---"his grant
funded the. purchase of a Raman spectrometer with microprobe capability
having resolution of 1.0 micron. This report describes the equipment
selecting decision, the configuration of the instrument selected, and
solie experimental results. The experimental results include Raman

spectra used in characterization of laser recrystallized silicon and ion
implanted regions in semi.-insulating GaAs.,

20 DISTRIBUTION I/AVAILABILITY OF ABSTRACT 21. ABSTRACT SECURITY CLASSIFICATION

O UNCLASSIFIEOIUNLIMITED 0 SAME AS RPT. DTIC USERS Unclassified
22# NAME OF RESPONSIBLE oiNDiviDu? 2jkL TELEPHONE (Include Area Cd)2.OFFICE SYMBOL

DO FORM 1473.84 MAR 83 APR edton may be used until exhausted. SECURITY CLASSIFICATION OF THIS PAGE

All other editionire obsolete, Unclassified



12.
AIP rOve3 OY,:,, , 1 • ... ,,KA~~(AS

hief t e-ml~ -'fo t*o '*lv '7a

INTRODUCTION

This grant was funded as a part of the Department of Defense (DOD)

University Research Instrumentation Program for fiscal years

FY1984/FY1985. The funding in this grant was provided to allow purchase

of a Raman spectrometer with microprobe capability. The microprobe

capability allows Raman measurements to be performed on a localized area

with a resolution of 1.0 micron.

One of the primary intended uses of this instrument is for the

characterization of the crystallinity and. the state of strain of laser

annealed and laser recrystallized materials, especially polysilicon on

amorphous substrates. The creation of large single crystal grains of

unstrained, device quality silicon by laser annealing of polysilicon has

many important device implications including improved signal processing

by integrated optical waveguide detection, silicon CCD integration with

InSb and HgCdTe infrared detectors, a silicon-on-insulator technology,

and multilevel devices. -'Ahe Raman microprobe can be used to

characterize the effects of substrate temperature, beam power density

and shape, beam scan speed and direction, deposition rate, substrate ;o

seeding, and polysilicon encapsulation schemes both near and away from

grain boundaries. The frequency shift and the peak width of the Raman

scattering from the triply degenerate zone center phonon in Si allow

determination of the strain in the grains of laser recrystallized

polysilicon. Reducing these strains will allow us to achieve large

single grains of device quality --

A second intended use of th6 Raman spectrometer with microprobe is .----

to characterize Si3N4 films and thermally nitrided layers of SiO 2 each Code
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formed on silicon substrates. As both of these layers are transparent

to Argon-ion laser light used for Raman scattering, the Raman spectra

obtained from samples having either of the above two layers on silicon

substrates are dominated by structure associated with the silicon

substrates. To overcome this, we plan to couple the Argon-ion laser

light into Si3N4 and thermally nitrided layers which form planar optical
3• 4

waveguides and collect the light scattered from the waveguides for Raman

analysis. We will form samples with layers of SiO 2  between the

waveguiding layer and silicon substrate which are sufficiently thick so

that the light is isolated from the silicon substrate. The scattered

light will thus not have encountered silicon so that associated spectral

characteristics will not be present, thereby improving sensitivity. The

increased path length of light through the regions af interest should

also significantly enhance sensitivity.

Another intended use which we plan to investigate is

characterization of ion implanted regions in semi-insulating GaAs which

have been either furnace annealed or rapid thermally annealed.

Structural differences in samples annealed by the two different

techniques may be apparent in Raman spectra.

In what follows we describe first our purchase process. The

instrument actually purchased is then described. Preliminary Raman

spectral data in several of the above areas is then presented.

o'S

? .ii
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EQUIPMENT SELECTION

A Raman spectrometer with microprobe capability is available from

only two companies, Spex Industries, Inc., Metuchen, N.J. and

Instruments SA, Inc., also Metuchen, N.J. Both these companies have

been suppliers of quality Raman spectrometers for some time, and both in

the past few years have designed and implemented the addition of a

microscope to their respective spectrometer systems. The monochromator

in both of these instruments is of the Czerny Turner configuration, both

use holographic gratings of 1800 grooves/mm, and both quote an ultimate

C. 1
resolution of 0.15 cm " . In part because the quoted specifications for

each instruments were so similar, one of us (HEJ) spent one day at ISA

and one day at Spex evaluating their respective instruments for use in

our research. The evaluation included detailed discussions with

technical personnel on our particular needs as well as with the

instrument to obtain Raman data on several of our samples using both the

usual sample chamber and the microscope capability. Based on these

experiences, we concluded that the ISA instrument offered a superior

microprobe facility, their monochrometer possessed better stray light

rejection capability, and that their computer was somewhat more

versatile. Accordingly, we selected the ISA instrument for purchase.

The ISA instrument with microprobe capaoility which was selected

for purchase consists of several parts. Most importantly is the Czerny- PA

Turner double monochrometer fitted with holographic master gratings with

1800 grooves/mm. The slits are horizontal and installed in a section

outside of the main body of the monochrometer for superior stray light

rejection. A Nachet microscope with 1Ox, 40x, and 80x objectives is
.7-
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optically interfaced with the double monochrometer in such a way that

switching from the usual Raman mode of operation to the microprobe mode

of operation may be done simply and without loss of alignment. The

spatial resolution at highest magnification is 1 micron. A GaAs cooled
photomultiplier and associated photon counting electronics provides the

scattered light detection capability. The instrument is interfaced with

a computer which is capable of not only controlling the instrument,

allowing for very long scan accumulation times for instance, but also of

performing data reduction tasks while the spectrometer is being actively

controlled. The entire instrument is mounted on a vibration-free

optical table with the argon-ion laser and Pellin-Broca prism assembly

for removal of the laser plasma lines both mounted on a shelf attached

to the underside of the table. A photograph of the instrument showing

the microprobe end may be found in Fig. 1.

NEI

Fig. 1 Photograph of Raman spectrometer with
microprobe mounted on vibration free table.
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PRELIMINARY RAMAN DATA

We present preliminary Raman data for three different research

areas that were mentioned above: 1) Raman scattering from laser

recrystallized silicon, 2) Raman scattering from ion-implanted GaAs,

and 3) Raman scattering from thermally nitrided SiO 2 waveguides.

Laser Recrystallized Polysilicon

Raman scattering from laser recrystallized polysilicon probes the

local state of strain in the silicon. By comparing the Raman shift of

the longitudinal optic phonon in bulk silicon to that observed in the

laser recrystallized polysilicon, the magnitude of that strain may be

measured in a contactless manner. The use of the microprobe allows us

to quantify this strain with 1 micron spatial resolution and thus to

understand the spatial variation of strain that may lead to grain

boundary formation or simply to a different amount of strain as laser

power densities are varied. In Fig. 2 we display a portion of the Raman

A 7
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. Fig. 2 Raman scattering from a silicon wafer.
See text discussion.
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521.2 cm-1 , in good agreement with values reported in the literature,

and the linewidth is quite narrow. Figure 3, in contrast, is a typical

spectrum of polysilicon deposited by a CVD process. Note the broadened

PCLYCRYSTALLINE SIUCON

<POLYTSTF.DAT>
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Fig. 3 Raman scattering from CVD deposited polysilicon.

peak at about 520 cm"  and the shoulder at about 495 cm"1, both features

associated with the degree of disorder in the sample. In Fig. 4 is a

Raman spectrum of a laser recrystallized sample where the polysilicon

was deposited on a 1 micron layer of thermally grown SiO2 and capped

with 60 Angstroms of Si3N4. Note that although the linewidth is quite

narrow, the peak has shifted by 3 cm-  compared to bulk silicon,

indicating that the single crystal silicon we have fabricated on the

SiO 2 substrate is strained. In contrast, in Fig. 5a we display Raman

data from a sample with stripe anti-reflection coatings for the capping

.. . . . .
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Fig. 4 Raman scattering from laser recrystallized silicon.

layer where, although the peak position of the Raman line is similar to

Fig.4, the linewidth is clearly waider even after noting the expanded

horizontal scale. We do not fully understand this increase in width at

this time. What is clear from an examination of Fig. 5b, the Raman data

for a point I micron further distant from a grain boundary than the

previous spectrum, is that the grain boundary provides relief from the

strains induced in this structure by the laser recrystallization

process. In other words, the strain changes dramatically as one noves F

away from the grain boundary (i.e. the Raman shift decreases from 518.2

cm to 516.8 cm- over only one micron). We have found that the strain

then becomes constant until another grain boundary is approached.

spectrum of bulk silicon. The Raman shift of the LO peak is found to be

..
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Fig. 5a Raman scattering from laser Fig. 5b Raman scattering from laser
recrystallized silicon recrystallized silicon 3 microns
2 microns from a grain boundary. from a grain boundary.

Efforts to understand these phenomena both as a function of laser

recrystallization parameters and of variations in the polysilicon

structures and to relate these observed changes to electrical

characterizations important for device applications have just begun.

Gallium Arsenide

We mention briefly two other areas 4e are pursuing. Raman

scattering can also 5e ised as a contactless non-destructive probe of

.3aAs and Ga1 -Al )s o probe botn the space-charge layer at surfaces and

for determining the free carrier concentration. In Fig. 6 we present a

preliminary Raman spectrum of GaAs. This sample 4as ion implanted with

17 -3Si to a concentration of 2 x 10 cm - . Following ion implantation a

rapid thernal annealing process was carried out to activate the

implanted species. We see a strong Raman peak at 293 cm"  due to

scattering from the LO phonon. If, however, a high enough concentration

................................................... . .. •...
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of free :arriers is ore sent, then one expects not only the AJ phnon but

also culdphonon-plasmon modes. These modes would be split away from

Rapi themalanneal'ng experiments on samples qith ligher free carrier

c,)cetrtinsaswell as experiments on Ga1  ~ A are planned.

Themaly NtriedOptical Waveguides

The non-destructive characterization of low loss optical

saveguides is another area we are presently pursuing with the Raman

spectrometer. In a preliminary experiment we have studied, using Raman

scattering, very low loss optical waveguides formed by thermal
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nitridation of Si0 2 qhich had been formed by thermal oxidation of the

bulk silicon substrate. In Fig. 7 we display data taken with the laser

impinging perpendicular to the waveguide surface. The complex structure

IV
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Fig. 7 Raman scattering from a thermally nitrided
SiO~layer on a silicon substrate.

abserved can be understood by considering second order Raman scattering

of the underlying silicon substrate. Clearly we need to place the

sample in the qaveguiding configuration and observe the Raman scattering

induced by the 4aveguided light. Such an experiment is in the final

planning stages.

• - i -} > . - . . - . % - - " . b , .-' : .i - - : - -- - -i .: " > > -i - - -. " _ , " . " " .. ., . ., . , . " , . .. ? -: . , -, .. , -i .- .- .. - - i i - . -i ..? . ? -2 .- --_
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SUMMARY

Following a careful evaluation and selection process, we have

purchased and installed a Raman spectrometer with microprobe capability.

In the first several months of operation we have performed a number of

preliminary experiments on research problems involving laser

recrystallized silicon, rapid thermally annealed ion-implanted GaAs, and

very low loss thermally nitrided SiO 2 optical waveguides. All of these

Raman scattering experiments show promise in advancing our present

understanding of these problems.

o. .. . . . . . .. . . .
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