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*University of California los Angeles Department of Electrical Engineering
Device Research Laboratory, 7732 Boelter Hall, Los Angeles, CA 90024
**University of California Los Angeles Department of Chemistry and
Biochemistry and Solid Science Center, 2080 Young Hall, los Angeles, CA
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ABSTRACT

The first epitaxial platinum gelliua two (PtGay) films have been
grown on galliunm arsenide (GaAs) (100) by co-evaporation of the elements
under ultra-high vacuum conditions. An electron beam evaporator and &
Knudsen cell were used to produce the platinum and gallium beans,
respectively. The resulting filas and bulk PtGa; have been characterized by
x-ray diffraction, Auger electron spectroscopy, and x-ray photoelectron
spectroscopy. The data confirm the PtGaz stoichiometry and crystal
structure of the films, and demonstrate their chemical stability on GaAs
(100). This study supports the contention that PtGay can be a suitable,
tempsrature stable contact material on GaAs substrates.

Introduction

The chemistry of metal-semiconductor interfaces ultimately controls
the nature of Schottky barrier or Ohmic contact formation [l1]. Contact
formation on elemental semiconductors is relatively straightforward because
of the simplicity of binary phase systems, which have a limited number of
reaction products. Transition to compound sesiconductor technology has
encountered additional difficulty because ternary phase diagrams are
significantly more complex and rarely well characterized (2].

In order to employ GaAs based electronic devices for both high
relfability and harsh environment applications, chemically stable contacts
nust be formed at the metal-semiconductor interface. Conventional methods
to alleviate temperature induced contact degradation usually involve
passivation or interdiffusion barriers [3).

A simple solution to the degradation problem would be the use of an
intermetallic compound that is thermodynamically stable to the GaAs surface
and that also possesses suitable electronic transport properties [4].
Therefore, the intention of this study was to select and investigate an
intermetallic contact on GsAs system chosen from a known ternary phase
diagranm. The intermetallic compound should exhibit a thermodynamically
stable tieline to the GaAs semiconductor. A further consideration is that
the intermetallic should be compatible with existing molecular beam espitaxy
(MBE) techniques.

On the basis of the Pt-Ca-As ternary phase diagram, as experimentally
elucidated by Tsai et. al. (3] and illustrated in Fig. 1, PtGaj vas selected
as a candidate for thin film growth on GaAs (100). The existence of the
pseudobinary tieline between PtCa; and GaAs implies that the two bulk
compounds do not reasct with each other in a closed system. PtGa; is s
thersodynamically favored reaction product of the Pt-Ca-As systes.
Depositing an elemental Pt fila on GaAs and then annealing will induce
chemical reactions that yisld intermetallic compounds of Pt with both Ga and
As, accompanied by the subsequent-degradation of the interface [5]. Since




PtGa; is a potential product of such a reaction, it will be much more stable
in contact with GaAs than Pt.

Advanced device considerations require that the contacts on GaAs be
stable to temperatures in excess of 800°C. The PtGap films are stable up to
450°C in air during long-time anneals; further work involving capping or
other equivalent procedures {s required to determine {f stability above
800°C can be achieved.

Pt

Ptzcaa

PtGa A
P'E,Ga,z - P£ 2

P‘kca‘

Ga GaAe AS

Figure 1. Solidus portion of Pt-Ca-As ternary phase diagram at 25 © C.

Growth

The PtGay films were grown in a MBE chamber with a base pressure of 2
x 10°10 torr and a deposition pressure of 4 x 10°% torr. The two inch GaAs
vafers were introduced via a cryopumped load lock system and mounted on a
modified manipulator squipped with radiative heating elements. The samples
were cleaned by heating to a temperaturs of 550°C under an arsenic
overpressure obtained from a Knudsen cell to prevent surface dscomposition
of the GaAs. The platinun was evaporated using a Varfan 3 KW electron beam
evaporator and the galliun was obtained from a Knudsen cell constructed of a
pyrolytic boron nitride (PBN) crucible with a tantalum heating slement. The
fluxes of platinus and gallium were {nitially tuned to the proper
stoichiometry. PtGay; can be visually identified by its characteristic
golden color, as PtGa; is the only Pt-Ga phase that has a band structure
similar to that of elemental gold [5,6). The flux rate from the gallium
source was stabilized by temperasture control circuits that ensured a
constant flux rate for each source pover setting. Subsequent depositions
have been controlled with a Leybold-Inficon IC-6000 crystal monitor system.
To obtain single phase PtGas filas, the flux ratio of gallium to platinum
vas sdjusted to slightly greater than 2 to 1. Co-evaporation of the PtGay
proceeded with the sample held at substrate temperatures ranging from near
room temperature to over 500°C at an epilayer growth of approximately S
aicrons/hour. .
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Structural and Chemical Characterization

Powder x-ray diffractometry (XRD) patterns of the films were taken on
a Philips diffractometer utilizing a Crystal Logic interface to a DEC VAX
117750 mainframe computer. Diffraction patterns wvere obtained by
accunulation of data for periods of time upwards of twelve hours to achieve
an adequate signal to noise ratio. The thin PtGay films vere annealed in a
tube furnace under both nitrogen and air ambients. The film composition and
crystallite orientation was subsequently determined by XRD to ascertain the
temperature behavior of the epitaxially deposited material. Auger electron
spectroscopy (AES) and x-ray photoelectron spectroscopy (XPS) of the PtGa;
thin films and bulk material were performed in a KRATOS XSAM 800
spectrometer that was equipped with a sample treatment chamber (STC),
scanning electron microscope (SEM) and ES300 electron spectrometer. In
addition, the sample analysis chamber was equipped with a manipulator
capable of heating samples up to 450°C while in the analysis position. The
base pressure during sasple analysis vas 2 x 1010 ¢ozrr. The samples vere
subjected to short, low current, rastered 3 KeV ion bombardments until AES
revealed no carbon or oxygen contaminants. The samples were then annealed
at various temperatures (maximum 450°C) after which AES and XPS data wvere
collected. The XPS data were collected using an aluminuam Ka excitation
source,

Besults and Discussion

The resultant films were specular under both optical and SEM
sxanination and golden in appearance. The filus were determined to be PtGaj
by the analytical techniques described above. The range of composition of
PtGaz is very narrow, unlike many other intermetallic compounds which have a
wide acceptance range of compositions. Figure 2a shows a powder XRD pattern
of an oriented PtGa; (110) film (as seen by the 220 reflection at 43.39)
vhich was grown on a GaAs (100) substrate at room tempsrature. Figure 2b
shovs the XRD pattern obtained after the sample had been annealed at 200°C
in a conventional furnace tube. The PtGa; peaks are virtually unchanged
after subsequent annealing to 400°C as shown in figure 2c. The XRD patterns
of figures 2a through c consists of peaks solely due to PtGa; and GaAs. The
peaks at 26.0°, 43.3° and 51.0° are the (111), (220) and (311) reflections
of PtGay, respactively. The peak at 66° 1is the (400) reflection from the
(100) GaAs substrate. The XRD pattern showed no observable change from room
temperature to annealing temperatures on the order of 450°C. Above 450°C, a
snall peak around 42.5° was detected. This peak i{s most probably due to the
formation of a Pt3Gay phase which coexists with the PtGaz phase. At
temperatures above 550°C, a sharp decrease in the intensity of the PtCGaj
peaks occurred in conjunction with the appearance of peaks due to PtGa and,
most likely, PtAs).

The electron spectroscopies clearly indicate that the thin fila
sasples have the same stoichiometry and valence band structure as that of a
bulk PtGs; sample. This further served as a verification of the identity
and uniformity of the thin PtGa; films. The stoichiometries wers determined
by comparisons of the relative pesk to peak response of the AES and by the
relative peak areas of the XPS data between the thin film samples and a bulk
standard, Figure 3 shows the AES signals from a thin film of PtGaj on GaAs.
The electron distribution curves (EDC) determined from the core levels and
valence bands are presented in Figs. 4 and 5. 1In all cases, the thin films
produced results that were indistinguishable from the bulk sample.
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Figure 2. XRD pattern of PtGa; on (100) GaAs. 2a: room temperature, 2b:
annealed at 200°C, 2c: annealed at 400°C. All peaks except the (400) GaAs

at 66° correspond to PtGaj.

Conclusions

The successful growth on GaAs (100) of an intentionally designed
stable intermetallic thin film that is similar to silicides currently
smploysd in standard silicon processing has been demonstrated. The PtGay
filas are chemically stable on GaAs (100) up to 450°C. PtGay shows promise
as a suitable contacting material for high reliability applications.

The formation of thermochemically stable PtGaz epilayers on GaAs will
provide an interesting system for the investigation into the nature of
Schottky barrier formation and subsequent Fermi level pinning at the
interface. We believe that chemically stable PtGa; intermetallics should
eliminate many of the possible chemical factors which influence or effect

the phenomenon of Ferui level pinning.
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Work in progress to further understand the PtGa family-GCaAs syscenm
includes temperature-dependent TEM, transport measuremants and the
characterization of various intermediate Pt-Ga phases grown by MBE ([7].
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Figure 3. AES spectra of PtGaz film. The only observable peaks are due
to Ga and Pt. The calculated ratio is Ga:Pt 2:1.
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Figure 5. Valance band of PtGa; film which is identical to bulk PtGaj.

Acknowledgepents

This work was supported by the office of Naval Research/SDIO, the
State of California MICRO program and Hughes Aircraft. RSW received further
support from the Alfred P. Sloan and the Camille and Henry Dreyfuss
Foundations.

References

1. L.J. Brillson, J. Phys. Chem. Solids 44, 703 (1983).

2. C.T. Tsal and R.S. Williams, J. Mater. Res. ), 820 (1986).

3. V.L. Rideout, Solid State Electronics 18, 541 (1975).

4. J.R. Lince and R.S, Williams, J. Mater. Res. ), 537 (1986).

5. C.T. Tsai and R.S. Williams, unpublished.

6. S. Kim, L. Hsu and R.S. Villiams, Phys. Rev. B 36, 3099, (1987).
7.

L.P. Sadwick, K.L. Wang, Y.K. Kim, D.K. Shuh and R.S. Willians,
unpublished.




e

A

9016 YO ‘Budpeseq
1aag v g 0ol
YarRXsY |¥ARN JO )0
Aoynay wuapre)

zl6 vD ‘odag ueg

18 3p0)

121U)) SWIASAS UL [EARN
OlowWRUIE } OIYMS "I

£905-T0PET AW “stiodeuuy
£87 200

usuLAIWS ‘H "H "Aq Suny
uonmMg YIIRY JojAry Pasq

Z1161 vd "mwdiepeiiyg

£60 3p00) ‘aseg [BABN Ejtyd
voung sdug swaiskg sdiyg waeN
niuyng anapewng 1q

1009-655£6 VD ‘Y% suiy)
R suodrapy [eARN

$8E 3P0 Al Ansiuxg)
subpy 71 pisucy 1q

0005-L122T VA "voidunry
wang Lound) ‘N 008

€19 9p0D 'S3Y [eARN JO WO
uosjaN praeg \q

000§-SLE0Z DQ ‘uorduiysem
Kaopoqe] yomasay [vaeN
0019 2007 “auq Ansuuay)
Aepmpy °§ sawef g

1905-70P17 QW ‘stiodeuuy
UoIsIAK] Ansnuay) patjddy
RyYsyy ) wRdng ag uny
Tau) (pseasay sohe ], pueq

PIETT VA ‘supuedy

uoamS HCIWE)

S Jupying

"R uonsuLIoju| Y23 L $5udjaq

€P0L6 VD ‘WY uod
76-7 2poD

qr] Juusuug par) jeaey
oxsuq ‘m pryary uQ

0S0$-TZSLy NI ‘)

spno( g pasusag AQ uny
1) uoddng suodeapy, [eaeN
23030 Surpurusuc)

0005-L1ZZL VA ‘vanduipry

xang fowind) ‘N 008 0005-L1222 YA ‘voidunry

00 30D anuaay Lautnd) ‘N 008
8ds0)) sutmpy ‘umpnsy-2dg €111 p0D “MQq Ansnuay)
RISy RABN )0 JHD YA BABN JO 3344()

TVEAKED '1611 WOILI0ENLISIq J¥OASN TVOIMdEL

ATU[) JAZEIY WASIM 58D

$2006 VO ‘sappBuy soy
w0 jo Anssaapny

1£600 ¥d ‘sepalg ory
001y ouAng Jo Airsadatugy
Ansnunp) jo waunredagg
PuRm ¥'d a

SSPSS NI 'stitodesuuny
nosUu Jo Anssaaun

g sy @ dug pownd
RABM HT 4Q

S170-60£08 QO “1opjnog
opesoio)) J0 Aussaatun
wxuiredoq Agsiuy)
WA N g g

10209 °Ti ‘voisusal]
ANSIDATU() WINSIMYLION
daq Ansnuay)

aukng WA ‘'d'd iQ

69PP0 AN *0u0i0

ump jo At

QU IOUYR L, 7 3UANIS 30WMS
npeun M sd

L1Z6¢ I ‘vosxx(
Anssaamf) NG vosyf
waqg Ansauay)
smENigRy ‘H 3C

901£6 VO ‘Leqmg nueg
WOJIEY) JO Anssaatun)
“waq Knsnun)

9011y HO ‘PUsdA3)

nIn} 3 ia Ayomg *q uaeD 1g

09ZS1 Vd ‘y3angsny TIPS 1N A1) e ies
ydingsing jo Assaaun ywn jo Aussdatun
whq Ansuayy  Juuseniug 3 3ouadgspep

sas) "L uyof uq mofpjiung ‘g0 1a
N_oﬁ T ‘3oudpIacg 0ZLY6 VO ‘Kapanag
IIIAIL() Umolg nuIojiE) Jo Kissaatu)

gy Ansiuy) “Waq Anspwag)

PIoM 'Y 1a iowos 'v'0 1Q

1$7LL X1 ‘vorsnol

2681 ¥og ‘Ausiaatun) 20y
Anspuay) jo waunsdo()
&news 3y 5q

70891 Vd ‘ared Aussann
‘AMU[) ‘SY WIISIM B
“daq] Ansnuay)

pudoum N \a

T/apictiT/a

LE909 1 "odeay)
odeony) jo Auszaatuy
Anasu| Nourlf sauE(

uqiS 'S \a

60LLT ON "y dqfusuy 33y
11221 xog

OO YIS Auuy N
AnyS ‘M U390y 1g

0Lve VO ‘Ayauag
wwojife)) Jo Aisiaaiun
waunsedaq KRsrung)
Aipexkeg 1 preyony iq

86501 AN ‘SIBH umotnsog
1T X0 Od

‘RO YAIRISY LOSIEM WAL
jjoqny ‘D ag

60LLT ‘wQ)ON
Wy dueu | Yamasoy
JUT)) SHUQLINI0LNGN
unusiay v ad

181Z1 AN ‘AosL

UL YORA|og JmIssuay
aqg Aasrn)

$2a3y ¥ '«d

75007 Dq ‘vosdutysem
At} uoiduiysep 932090
waq Ansnuag)

sapwwny q d

0TLY6 VO ‘Ko
wwojifx)) Jo Ansiaawn
waugredaq Ansauxg)

€S8P1 AN ‘P
Ansiaau) awo)
“Wdag Ansnuag)
uosiuop ‘H 33030 1q

VU0$-SLEQT QI ‘uorBulsem
KIO1RI0GEY YAeIsy [CABN
1559 3paD “AKg 1S 040
yspl 'HZ \q

STOP6 VD “WRd OjUIW
Uy —chiv,_.—gaﬁ mnn
fruonvuIL] RIS
uosuyor ‘W BAIAS i

11§90 LD 'U3ATH MIN

. b.wu,__.: Hr

voswof YK “IQ

epeue)) ‘[Of IZN LNO
00T M JO AISAIN(Y
Aosauay) jo waunmdag
ysul 3q d

vISLT DN ‘IitH 1adey)

ggk“ﬂ.“ A
van 'v'y g

181Z1 AN 'Aoaf
WU YRIA104 1ejassuay
“Waq Ansma)
Nwmawg 7 aq

£56¥1 AN mWp]
QIsIAN) []aws0)
aq Ansnua)
UUBUI)OH PIROY Qg

LILZ6 YD "auag
w0y Jo Arsamn
daq Ansuua)
s T T T

0LLve VD ‘Axaxng
QWO )0 Krssaamn
wdaq Ansmuay)

sumy ‘@) 2a

myg s
STwon L
sarsdyd J0 ..B.Blrn

86501 AN 'SWIIOH umonpog
81Z xog Od

INU)) YPIBAIY UOSIs ] NED
suRy ¥ i

§5586 VO 'y )

L18€ 3p0D-"R) suodeam AN
"3 SOMMUAQ] wung wnNEnd)
u2D) prasy i

09Zv1 AN ‘ofeyng
HOA MmIN JO Ansidatuf) ang
ndaq] SAsAyQ/ATSRURD

viZvl AN ‘omng
WA MaN Jo Ausiaatun ang
Knsauap) » .ﬁﬁrloa

1192¢ .Eu%u»-.—.“”“!-"w
Ansauay) Jo uaunmdag
243 uyor 1q

696192006 ‘s3aduy soy
TuoprE) J0 Kissaaun)
twaunsdaq ARsruag)
pakes-13 VN 1A

9OLES LA “UoSIDEIN
UISUOISLA J0 Aitssdamqy
Ansuug) j0 waunsdaq
g qgv i

£6871 AN Ty
Qnssamn gow)
Kaspuap) jo saugmdag
oaeSia (4 4

86501 AN ‘SWELH umotjiof
817 vod Od

D) YmsIY uosis NGl
\pmnag T( xQ

-$LE0T O “woslunsep
ORIASIY AN

0L19 3p0D

wowo)) pend AQ

951T0S9PT AN ‘Bisn0y
Kusdio)) yUPoY UBISE
SWRSASPIS] IO L, WIL) APY
wosapD) VY g Ad

80209 1] ‘uotsueAl]
AMSIIAIU() WINSIMQION

v
Hd4AQ

0005 -$4€07 D 'voSumse
SL193pQ

Aapeaoqe] Aty [RARN
e R

yiZrl AN ‘ORURG

n:ouuiw
A aap) @ kamee)
Papepeg 1 g

AWLSINIRD 20VJuAS 9 3IVLS G108 ‘1511 NOILNGIWISIC SIOVUISSV

)

|




