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Backside Copper Metallization of GaAs MESFETS
Using TaN as the Diffusion Barrier

Chang-You Chen, Edward Yi Changlember, IEEELi Chang, and Szu-Hung Chen

Abstract—Backside copper metallization of GaAs MESFETs backside metallization of GaAs FETs and MMICs to provide
using TaN as the diffusion barrier was studied. A thin TaN layer petter mechanical strength and heat sink capabilities is a very
of 40 nm was sputtered on the GaAs substrate before copper film attractive concept.

metallization. As judged from the data of X-ray diffraction (XRD), . . . L .
Auger electron spectroscopy (AES), and cross-sectional transmis- Copper diffuses very fast into Si when it is in contact with

sion electron microscopy (TEM), the Cu/TaN films with GaAs were  the substrate without any diffusion barrier [4]-[6]. Just like in
very stable without interfacial interaction up to 550 °C annealing. the silicon case, copper also diffuses very fast into GaAs when
The copper metallized MESFETs were thermally stressed at 300 deposited onthe substrate without any diffusion barrier [7]. Since
°C. The devices showed very little change in the device character- copper is a deep acceptor for GaAs, this causes degradation of
istics (<3%) after thermal stress, and the changes of the electrical electrical propertiesin GaAsdevices ’TaN iscurrently an effective
parameters and RF characteristics of the devices after thermal *: ; p p Ve T y ;
stress were of the same order as those devices without Cu metal-diffusion barrier for Cu metallization in Sitechnology, and it also
lization. These results show that TaN is a good diffusion barrier has good adhesion to GsAs. Therefore, using TaN as diffusion
for Cu in GaAs devices and the Cu/TaN films can be used for the parrier should ensure the success of Cu metallization of GaAs. In
backside copper metallization of GaAs MESFETS. this paper, the thermal stability of a Cu/TaN/GaAs film structure
Index Terms—Copper, GaAs MESFET, metallization, TaN. is investigated. Also, the electrical performances of the Cu/TaN

metallized GaAs MESFETsarereportedforthefirsttime.
I. INTRODUCTION

OPPER metallization has become a hot topic in silicon . .

silicon VLSI processes [1]-[3]. Now, copper metallization jéfter that, MESEETS with TaN an_d Cuas ba(_:kside metallized
widely used in 0.18m VLSI technology. The advantages'ayers were fabricated for evaluation of electrical performance.
of copper metallization for Si VLSI include lower resistivity The GaAs substrate was cleaned With boiling acetone and iso-
and higher electromigration resistance. Even though the use?6?Py! alcohol for 5 min each and dipped in HR®:H,0
copper as a metallization metal has become very popular in {#¢2:20) for 20 sand HCI:(O (1:4) for 1 min before itwas loaded

Si industry, the use of copper as a metallization metal for Gai¥0 the vacuum system. A TaN film of 40 nm thickness was
FETSs has not been reported yet. Traditionally, GaAs FETs apauttered onto the 3-in (100) GaAs substrate, then 100-nm Cu
MMICs use Au as the metal for transmission lines and grourfdld 10-nm TaN films were subsequently sputtered on top of the
plane metallization. The gold used in transmission lines arf@N film without breaking vacuum in a multitarget magnetron
ground planes are usually plated to more thamn2 The use sputtering system. The top layer of TaN served as a protective
of copper as the metallization metal for transmission linddyer o prevent oxidation and penetration of oxygen into the
and ground plane metallization has the following advantagB¥ns during higher temperature annealing. Both TaN films were
over gold: lower resistivity, higher thermal conductivity, lowef€posited by reactive sputtering of Ta in thg/Ar mixture with

cost, and better mechanical properties if plated thicker. Lod®% N2 and80%Ar. The base pressure @dsx 10~ Pabefore
thermal conductivity and fragile substrates have always bedpHttering, andthe total sputtering gas pressure was 0.8 Paduring
problems in GaAs devices, especially in GaAs power FEfleposition of the films. The samples were annealed for 30 min at
which are required to dissipate a lot of heat. To provide {§mperaturesranging from 400 to 600°C in anargon ambient
good thermal sink, the wafer of the power GaAs FETs for materials analysis. X-ray diffraction (XRD), Auger electron
usually thinned to 2-5 mils thick, which makes the substrag@ectroscopy (AES), and cross-sectional transmission electron

very fragile. Therefore, the use of a thicker copper layer fépicroscopy (TEM) were used for phase identification and study
of the interfacial reactions. Both 158m and 1 mm gate width
, _ _ _ MESFETsusedinthis studyweretypical epitaxial-materialbased
Manuscript received July 21, 2000; revised October 31, 2000. This W?,fg h included isolati Au/Ge/Ni
was supported jointly by the Ministry of Education and the National Scien ES_FETS- T_ e process steps included mesaisolation, Au/Ge/Ni
Council, R.0.C., under Contract 89-E-FA06-2-4. The review of this paper wafimic metallization, recessed gate with Au/Pt/Ti metals, plasma
arranged by Editor M. F. Chang. . _enhanced chemical vapor deposition (PECVD) silicon nitride
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Fig. 2. XRD pattern of the TaN/Cu/TaN/GaAs samples after annealing at
various temperatures.
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The MESFETswithcopperbackside metallizationwere annealed

at 300°C for 2 h under vacuum for thermal stress. The electrical ()

parameterswere comparedtothe deviceswithoutcopperbackside

metallization (bare chip without backside metal). Devices Wi(ﬁg- 3. AES depth profiles of the TaN/Cu/TaN/GaAs samples (a) as deposited;
. . . b) after 550°C annealing; and (c) after 60GC annealing.

and without copper backside metallization were put through t

samethermalstresscycle.

the TaN/Cu/TaN/GaAs structure. After annealing at350grain

growth of the Cu occurred, and the interfaces between Cu, TaN,

andj GaAs were still quite sharp, we found no intermixing of Cu

Fig. 2 shows the XRD results of the samples as-deposited an . :
after annealed from 40TC to 600°C. From the XRD data, it is and TaN barrier layers with the GaAs substrate. From the XRD,

clearthatthe peaks of TaN and Curemainunchanged untiG50 QEtvSv,eaer:wdC-Lli'll\'g ﬁl?éaai];)l\jvntgg%e’ there is no interfacial reaction
indicating that the Cu/TaN/GaAs structure is still quite stable at P ’
550°C. After 600° C annealing, the intensity of Cudecreased, and

new phases of TaAs and g@a were identified, suggesting that

reactions between the substrate and the metallization layers havenhe results from the materials study in the blanket GaAs wafer
takenplace at60TC. Additional evidence hasbeenobtained frommentioned above suggest that diffusion of copper into GaAs can
AESdepthprofiles. Fig. 3showsthe AES depth profiles ofthe meéje severely retarded to an extremely small level below 350
allized samples as-deposited and after annealing. As can be sgigi TaN as the diffusion barrier. To study the electrical perfor-
from this figure, the distribution of the elements of the depositatdance of the device after copper metallization and the thermal
films did not change after 55@ annealing, however after60Q  stability of the metallized devices after thermal stress, MESFETs
annealing, theresults showthat copper has diffused into the Gamith and without copper metallization were annealed at300
substrate. Fig. 4 shows the cross-sectional TEM micrographfof 2 h and tested for the electrical performance. The electrical

IIl. THERMAL STABILITY OF MULTILAYERS

IV. DEVICE ELECTRICAL CHARACTERIZATIONS
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Fig. 4. Cross-sectional TEM micrograph of the TaN/Cu/TaN/GaAs sample Drain to Source Voltage Vds(V)
after 550°C annealing.
(@
TABLE |
AVERAGE ELECTRICAL PARAMETER CHANGES OF THE150:m DEVICE 40 . . . ,
(a) WiITH Cu METALLIZATION . (b) WITHOUT Cu METALLIZATION . (TESTING - 1d before 300°C annealin
CONDITIONS: I, IS MEASURED AT Vy, = 2 V; G, IS MEASURED AT < d after 300°C annealin 9 Vvgs=0Vte-3v
Ve =0V, Vye = 2V; V,, ISMEASUREDWHEN Iy, = 150 pA) £ n9 step=-05V
&s y Vds » Vp ds M < 304 4
g f
@ 150 1 m Device = = Vgs=0V
. o o 20- 1
with Cu Metalhzggon . g , I e Vgss 0.5V
. . ange in )
Change in magnitude Percent (%) (.C) 164 R S Vgs=AV |
Aldss Aldss © }
(mA) 051 Tdss 160 5 e vesasy
AGm AGm o . ; : Yo 2¥
(Vgs=0V) 0.75 Gm 0.73 0 1 2 3 4 5
(mS/mm) Drain to Source Voltage Vds(V)
AVp 0.04 AVp 135 ®)
V) Vp
150 1 m Device Fig. 5. Qhanges inthe—V curves fo_r the 15Q:m dev!ce _(a) for device with
without Cu Metallization Cu metallization and (b) for device without Cu metallization.
. . Change in
Change in magnitude - T T T T T T 100
N7 A]jercem ()] g 140+ Ids before annealing
SS S8 & —— Ids after annealing <
0.91 3.93 1201 lgo <
(mA) Idss g —o— Gm before annealing v E
1001 —e— Gm af i
A(;’m N om 5 m after annealing {60 §
(Vgs=0V) 3.07 Gm 3.03 8 80+ T
(mS/mm) S N [}
AVp AVp g 607 40 5
0.08 3.00 6]
% Vp % 40 , £
@ 120 ©
' S 207 o 5
parameter changes of the 1p@1 devices before and afteran- = 1 - : o
nealing arelistedin Table I. As can be seenfrom Table I(a), for the -3 -2 -1 0 1 2
Cumetallized device, the drain to source saturation cuffgat) Gate Bias Voltage Vgs (V)

change is around 1.60%, the transconductdi&g) change is rig 6. changes in the transconductat@e. ) and drain currentZ..,) versus
around 0.73%, and the pinchoff voltagi,) change is around gate bias voltagéV.) curves for the 15¢:m device with Cu metallization.
1.35% after thermal stress. The changes in the parameters are
of the same order as the devices without copper metallizationdxain to source curreff,, ) versus gate bias voltag¥, ) curves
compared with the data shown in Table I(b). before and after 300C/2 hannealing. The changes®f, and/
There was no appreciable piezoelectrical related pinchaife very smallforthe copper metallized device, whichimpliesthat
voltage shift for the devices after copper metallization, whicthere is no copper diffusion into the GaAs substrate, consistent
means that there is little stress effect for the copper film. Fig.véith the material analysis results. The RF characteristics of the
exhibitsthe changesinttie-V curves before and after annealinglevices with and without Cu metallization were also listed. As
for the devices with and without copper metallization. The pirshownin Tablell(a),fot um x 1 mmdevice,thechangesff...
choff voltage difference of these two devices shown is due to tfrmaximum oscillation frequencyls,,,.. (maximum power gain),
nonuniformity of the wetchemical etchinthe gate recess proceasd/¢; (unilateral power gain) after 300C/2 h annealing are
Ascanbe seenfromthisfigure, for devices with orwithout copp8r34 GHz, 0.38 dB, and 0.69 dB, respectively, for devices with Cu
metallization, the sourceresistance of both devicesincreases aftetallization. For devices without Cu metallization, the changes
annealing. Theincrease of source resistance after annealing isaheeof the same order as shown in Table II(b). The deterioration
tothe aging effect ofthe ohmic metals and notrelated to the coppéthe properties after annealing is mainly caused by the thermal
metallization. Fig. 6 shows the copper metallized de@geand effect on the properties of the intrinsic device itself. Therefore, it
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TABLE I
AVERAGE RF PARAMETER CHANGES FOR THE1 pm x 1 mm DeVICE
(@) WITH Cu METALLIZATION (b) WITHOUT Cu METALLIZATION . (TESTING
CONDITIONS: Vs = 7 V; Iy = 100 mA)

(@ 1 g mx Ilmm Device with Cu Metallization

Device Before After Ch s .
parameter |annealing| annealing ange in magnitude
Jinax (GHz) | 10.37 10.03 Afmax (GHz) | 34

Gmax (dB) A\Gmax (dB)

at09GHz | 1724 | 1686 at 0.9GHz 0.38
Uy (dB) AUg (dB)

at0.9GHz | 1900 1831 at 0.9GHz 0.69

() 1 mx lmm Device without Cu Metallization

Device Before After Ch . .
parameter |annealing| annealing ange in magnitude
fmax (GHz) 9.6 10 Afmax (GHz) -0.4

Gmax (dB) AGmax (dB)

at0.9GHz | 1736 17.26 at 0.9GHz 0.1
Ug (dB) AUg(dB)

at 0.9GHz 19.86 19.30 at 0.9GHz 0.56

clearly shows that copper backside metallization has a negligil
effect on the GaAs device performance. The measured value
sheetresistanceforthe40-nmTaNbarrierang@Ghick Cufilm
on GaAs MESFETs is 1.9 fiy[J, and the corresponding values
of electrical conductivity and thermal conductivity are estimate
to be5.18 x 10° (Q-cm)~! and 3.47 W/cn?PK, respectively,
at room temperature. It is noted that bulk copper has a electri
conductivity 0f5.88 x 10° (-cm)~! and athermal conductivity
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rier layer was successfully applied to GaAs MESFETs. The

Cu/TaN metallization layers on GaAs substrate were very stable

up to 550°C. After 600°C annealing, however, the interfacial
mixing of TaN and Cu with the GaAs substrate occurred, r
sulting in the formation of TaAs and GGa phases. MESFETs
metallized using these Cu/TaN layers showed small change:
the electrical parameters after 2 h annealing at 300 The

changes of electrical parameters and RF characteristics of
devices includingluss, Gr,, Vp, fmax, Gmax, and Ug were

within 3%. The magnitude of the changes in the device paral
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eters is of the same order as those devices without copper met-
allization. The results show that Cu/TaN layers are quite stable

and can be of practical use for backside GaAs MESFETs a~

MMICs metallization.
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