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Copper metallization for GaAs was evaluated by using Cu/Ta/GaAs multilayers for its thermal
stability. A thin Ta layer of 40 nm was sputtered on the GaAs substrate as the diffusion barrier
before copper film metallization. As judged from sheet resistance, x-ray diffraction, Auger electron
spectroscopy and transmission electron microscopy, the Cu/Ta films with GaAs were very stable up
to 500 °C without migration into GaAs. After 550 °C annealing, the interfacial mixing of Ta with
GaAs substrate occurred, resulting in the formation of Ta#g 600 °C annealing, the reaction
GaAs with Ta and Cu formed TaAs, TafAsnd CuGa, resulting from Cu migration and interfacial
instability. © 2000 American Institute of Physid$S0003-695(00)03047-3

Copper metallization has become a hot topic in the sili-be able to ensure the success of Cu metallization for GaAs.
con integrated circuits technology ever since IBM announcedin this letter, the thermal stability of Cu/Ta/GaAs in blanket
its success in silicon very large scale integration protess. film structure was investigated.

Even though the use of copper as metallization metal has Before metal film deposition, the GaAs substrates were
become very popular in Si devices, the use of copper asleaned with boiling acetone and isopropyl alcohol each for
metallization metal for GaAs devices has not been reported min and dipped with HF:k0,:H,0 (1:2:20 for 20 s and

yet. Traditionally, GaAs field-effect transisto(EET9 and  HCI:H,O (1:4) for 1 min. The films were deposited by sput-
monolithic microwave integrated circuitMMICs) use Tias tering in a multitarget dc magnetron sputtering system. A
adhesion layer, and Au as the metallization metal for transtantalum film of 40 nm thickness was first sputtered onto the
mission lines and ground plane metallization. The gold use® in. (100 GaAs substrate, then a 100 nm Cu film and a 10
in transmission lines and ground plane is usually plated to am tantalum nitride films were subsequently sputtered onto
thickness of 2—3um and more than 1@um, respectively. this without breaking vaccum. The tantalum nitride film
The use of copper as the metallization metal for transmissiowhich served as a protective layer to prevent oxidation of the
lines and ground plane metallization has the following ad-copper layer was deposited by reactive sputtering of Ta in
vantages over gold: lower resistivity, higher thermal conducthe N,/Ar mixture with 8% N, and 92% Ar. The base pres-
tivity, and lower cost. Low thermal conductivity and fragility sure was 2.610 > Pa before sputtering, and the total sput-
of substrate have always been problems in GaAs devicetgring gas pressure was 0.8 Pa during deposition of the films.
especially in GaAs power FETs which are usually requiredThe samples were annealed for 30 min at temperatures rang-
to dissipate much heat. To increase the heat dissipation, tiegg from 400 to 600 °C in argon ambient. Sheet resistances
wafer of the power GaAs FETSs is usually thinned to 2—50f the samples were measured by a four-point probe. X-ray
mils thick, which makes the substrate very fragile. Thereforediffraction (XRD), Auger electron spectroscogpES), and

the use of thicker copper layer as a metallization metal fo€ross-sectional transmission electron microsco@gM)
backside metallization for GaAs FETs and MMICs to pro-Wwere used for microstructural characterization.

vide higher mechanical strength and better thermal sink is a  Figure 1 shows the sheet resistances of the samples as-
very attractive task. On the other hand, if Au is replaced with
Cu for frontside transmission lines, the electrical conductiv-
ity can be improved to increase the speed.

[>]

It is well known that copper diffuses very fast into Si rj 5t 4
when it is in contact with Si substrate without any diffusion =
barrier*=® As in the silicon case, copper also diffuses very S 4 7
[}
fast into GaAs when deposited on the GaAs substrate with- ©
out any diffusion barrief.Since copper is a deep acceptor for E - i
GaAs, this causes degradation of electrical properties inthe @ o} 4
GaAs devices. Ta is currently an effective diffusion barrier %
for Cu metallization in Si technology, because it forms no & 1t .

compound with copper. On the other hand, Ta has good ad- . . R

hesion with GaAs and three times higher thermal conductiv- 00 1('30 260 360 400 500 6(I)0
ity than Ti® Therefore, using Ta as diffusion barrier should

Temperature (°C)

3To whom correspondence should be addressed; electronic maiFIG. 1. Sheet resistance of the samples as-deposited and after annealing at
lichang@cc.nctu.edu.tw various temperatures.
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FIG. 2. XRD patterns of the samples as-deposited and after annealing at
various temperatures.

deposited and after 400—600 °C annealing. The sheet resis-
tance of the Tal/Cu/Ta/GaAs film structure initially drops

a little after 400 and 500 °C annealing, which is apparently
caused by grain growth and a decrease in defect density in
the Cu and Ta films. The sheet resistance increased slightly
upon annealing at 550 °C, which implies diffusion and/or
reaction occurred. After 600 °C annealing, the sheet resis-
tance drastically increased, suggesting that a significant dif-
fusion and reaction had occurred between the layers. Figure -
2 shows the XRD results. From the XRD data, it is clear that : s iiea
the peaks of Ta and Cu remain unchanged after 500 °C an- "
nealing, suggesting that Cu/Ta/GaAs interface is still quite
stable up to 500 °C. After 550 °C annealing, it is found that
the additional peaks can be identified as TaA®rmation of
TaAs, implies that reactions between the substrate and the

Zone axis [1101]

1011

1120

(a) Cu FIG. 4. Cross-sectional TEM micrograpkes after 500 °C annealing/b)
a ST \ TaNx/Cu/Ta/GaAs after 600 °C annealindc) TaAs electron diffraction pattern, arid) Cu;Ga
as-dep. electron diffraction pattern.

; Ta Ta layer can take place at 550 °C. This is consistent with the
N VT Ga increase of sheet resistance at 550 °C. After 600 °C anneal-
O\ /'( N emTTms ing, the peaks of Cu and Ta disappeared, instead peaks iden-
LO A kW As tified to be phases of TaAs and £&a (hexagonal structure
Ny FERN \ with lattice parameters af=0.2600 and:=0.4229 nmj are
e - seen, indicating that a significant diffusion and reaction had
occurred among the layers. The TaAshase is still present
with the peak intensity decreased. The decomposition of
Cu TaAs, into As and TaAs below 750 °C has been previously
() sy TaNx/Cu/Ta/GaAs reported by Saini® This result explains the drastically in-
500°C creased sheet resistance after 600 °C annealing. Additional
f evidence showing the stability to 500 °C has been obtained
\ from AES depth profiles in Fig. 3. As can be seen from this
Ta ! Yy Ta figure, the distribution of the elements in the deposited films
A AN remain almost unchanged after 500 °C annealing. Figure 4
/ X 7N AN Ga shows cross-sectional TEM micrographs of the
KO i\ A Y As TaN,/Cu/Ta/GaAs structure. In Fig(d), it shows that grain
NS /7 ., e growth of the Cu and Ta occurred after 500 °C annealing,
] 2 4 6 8 10 12 and there is no evidence of intermixing of Cu and the Ta
Time(min) barrier layer with the GaAs substrate. The microstructure of
FIG. 3. Auger denth profiles of the sampl@s as-deposited anth) after the sample annealed at 600 °C is shown in Fign)4The
500 °C annealing. regions In dark contrast are identified as TaAs, and those in
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white are CyGa by selected area electron diffraction patternfectiveness of Cu metallization, we have applied the Cu/Ta
[Figs. 4c) and 4b)] and x-ray energy dispersive spectros-layers to the backside metallization on GaAs MESFETS, it
copy (EDS). The observation of GGa as a large grain in the shows comparable performance with conventional Au/Ti
substrate and small grains close to the surface clearly denfayers!? It is believed that Cu can also be successfully ap-
onstrates the severe diffusion of Cu and Ga at high temperaslied to the frontside GaAs devices metallization with the
ture. The chemical analysis of EDS shows that theG2au proper modification of the current processes.
phase also contains a few percent of As. We are not able to o o
identify the location of TaAgas their size is too small to be ~_11€ work was sponsored jointly by the Ministry of Edu-
seen in the scale of the image. However, it is speculated th&gtion and the National Science Council, Republic of China,
they might locate at the Ta/GaAs interface. From the abov&nder Contract No. 89-E-FA06-2-4. The authors would like
results, it is suggested that Cu migration into GaAs substratt? thank Professor Fu-Rong Chen and Professor Ji-Jung Kai
with Ta/GaAs interfacial reaction results in failure of the ©f National Tsing Hua University for their help on TEM
barrier at 600 °C. observations.
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