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Novel Nonalloyed Thermally Stable Pd/Sn and Pd/Sn/Au 7
Ohmic Contacts for the Fabrication of GaAs MESFETs 5
o
M. S. Islam and Patrick J. McNally § 10 —8— Pd(50 nm)/Sn(125 nm)
—&—Pd(50 nm)/Ge(126 nm)
——Pd(50 nm)/Sn(125 nm)/Au(100 nm)
Abstract—GaAs metal-semiconductor field-effect transistors (MES- 7
FETs) have been fabricated utilizing thermally stable Pd/Sn and Pd/Sn/Au 10 0 * 2 =t : ! ! ——
ohmic contacts for the first time. MESFETSs with Pd/Ge Oohmic contacts 4 6 8 10 12
are fabricated for comparison. Thermal stability of the Pd/Sn, Pd/Ge and Accumulated annealing time (hour)

Pd/Sn/Au ohmic contacts is also presented.

Index Terms—MESFETSs, metallization, nonalloyed contacts, ohmic con- Fig. 1. Thermal stability results for Pd/Sn, Pd/Sn/Au, and Pd/Ge ohmic
tacts, Pd-based contacts. contacts at 410C.

|. INTRODUCTION described in [6]. Mesas for the MESFETs and TLM patterns were
?fined by standard photolithography and lift-off processes.

. d
The performances of GaAs MESFETSs depend on the quality of o\ caag/pd(50 nm)/Sn(125 nm), n-GaAs/Pd(50 nm)/Ge(126
ohmic contacts. As MESFETs dimensions approach the submlcromh) and n-GaAs/Pd(50 nm)/Sn(125 nm)/Au(100 nm) samples were
eter regime, the requirements of edge uniformity of ohmic conta

Pepared by sequential deposition of metallizations in a resistance
have become crucial. Nonalloyed Pd/Ge ohmic metallizations b Y seq P

L Sating evaporator. The base and evaporation pressures were 16w 10
used for the fabrication of GaAs MESFETSs [1]-{3]. One of the mo brr. A conventional graphite strip annealer with flowing forming gas

important criteria for an ohmic contact is its thermal stability. 41 as used for the annealing. Annealing cycles for the Pd/Sn, Pd/Sn/Au
°C is a typical temperature for testing the thermal stability of ohmignd Pd/Ge contacts were optimized elsewhere [7], [8] '

contacts to GaAs [2]. Thermal stability of the Pd/Ge metallizations al A rocess gate etch was performed between source and drain of the

and above 410C still requires furthgr studigs [2.]‘ [4]. MESFETs. 250 nm Al gate metallizations were evaporated. The base
Novel Pd/Sn and Pd/Sn/Au ohmic metallizations have already begn evaporation pressures were low 10orr. The gate-lengthL ¢

developed for n-GaAs [5]-[7]. In this paper, thermal stability of thﬁsed for the MESFETS were 0.4, 0.6, 0.8, 1.0, and20

Pd/Sn, Pd/Sn/Au and Pd/Ge ohmic contacts at 4Q0ds presented. : : :
' . o Surface morphology and edge uniformity of the contacts were in-
Sg/gs ME]SFETS have been fabricated utilizing Pd/Sn, Pd/Sn/Au a{)gstigated using a Cambridge S360 SEM. Contact resistjvitywere
e ohmic contacts. measured utilizing the conventional transmission line model (cTLM)
method. Thel-V" characteristics of the MESFETs were determined

Il. EXPERIMENTALS using a curve tracer.
Ohmic contacts were fabricated on a Si-doped12® cm™?)
n-GaAs epitaxial layer grown by MOVPE in a MESFET structure Ill. RESULTS AND DISCUSSION

[6]. The cleaning and etching procedures of GaAs substrates wergqo p. of the contacts are measured using cTLM [9] method. The

transfer length method [10] is utilized to measuytevalues. Table |
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Fig. 2.  SEM micrographs showing surface morphology and edge uniformity (c)
for (a) Pd/Sn, (b) Pd/Sn/Au, and (c) Pd/Ge ohmic contacts at optimal annealffig. 3. |-V characteristics of the GaAs MESFETSs associated with (a) Pd/Sn,
temperatures. (b) Pd/Sn/Au, and (c) Pd/Ge source/drain ohmic contacts.

For the MESFETSs, the dimensions of the source and drain ohmic
Data for thermal stability measurements of the contacts are showrpads were 10@m square. All MESFETSs operated in depletion mode.
Fig. 1. The average. values of 4 TLM patterns are presented. The zemue to the lift-off problem in gate level, MESFETSs with;y =0.4, 0.6,
accumulated annealing time valueof indicates optimunp.. values 0.8, and 1.Q:m could not be realized in this paper. In order to get rid of
of Table I. It is evident that both Pd/Sn and Pd/Sn/Au contacts displtyis problem, electron-beam evaporation is recommended for the gate
better thermal stability at 410C when compared to the Pd/Ge metalmetallization. MESFETs witl.c = 2 um were investigated in this
lizations. study.
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Fig. 2 shows the edge uniformity and surface morphology atable Pd/Sn/Au ohmic contacts provide promising candidates for fu-
source/drain ohmic contacts at the optimgm conditions. Surface ture GaAs devices.
morphology of the Pd/Sn/Au metallizations is better than that of
the Pd/Sn contacts and is comparable to the Pd/Ge contacts. The
contact edges are poor for the Pd/Sn metallizations. Although the edge ACKNOWLEDGMENT
uniformity for the Pd/Ge contact is very good and the undulation is The authors would like to thank D. John, Central Electron Micro-
virtually impossible to measure, this metallization system exhibitsggope Unit, Trinity College, University of Dublin, Ireland, for the MES-
slight lift-off problem [Fig. 2(c)]. FETs SEM micrographs.

Fig. 3 displays the current—voltage-¥) characteristics of the MES-
FETs. The calculategd,, for the MESFETs with Pd/Sn ohmic con-
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characteristics at'cs = 0 V in the saturation region for the MES- 1] A  pacagnelleet al, “GaAs MESFET's with nonalloyed ohmic con-
FETs with Pd/Sn/Au metallizationg,,, is calculated at’'ss = —0.8 tacts,”Electron. Lett, vol. 24, pp. 708-709, 1988.
V andVps = 0.76 V [Fig. 3(b)] which is 100 mS/mm. Generally, [2] A. Pacagnellet al, “Pd/Ge ohmic contacts for GaAs metal-semicon-
mMaximumg,., (¢ ma.) occurs around’cs = 0 V. Therefore g,a. ({ggt(())r field effect transistors,Thin Solid Films vol. 187, pp. 9-18,
for this MESFET would be greater than 100 mS/mm. It is evident that (3] A Paéagnellfet al, “Non-alloyed Ge/Pd ohmic contact for GaAs MES-
the MESFETSs with Pd/Sn/Au metallization display improyedwhen FETs,”J. Phys. Collog.vol. 49, pp. 441444, 1988.
compared to the Pd/Sn contact. The calculated: for the MESFETs [4] W.Y.Hanetal, “Microstructure analysis of thermally stable ohmic con-
with Pd/Ge contacts are 130 mS/mm Jais = —0.2 V andVps = ta<|:t tz% ?Otlr;;gsand b-7 gﬁsi;in Proc. Materials Research Soc. Symp.
0.95 V, Fig. 3(c)] _and 44 mS/mm [3;s = —0.8 V andVps = 0.95 [5] &0 S Islémet ai.,eg.omparisor} of Pd/Sn and Pd/Sn/Au thin film systems
V]. The latterg,, is lower than that for the Pd/Sn/Au contacs,(= for device metallization,” irProc. Materials Research Soc. Symml.
100 mS/mm). Therefore, MESFETSs with improved can be fabri- 427, 1996, pp. 583-589.
cated utilizing novel thermally stable Pd/Sn/Au ohmic contacts. [6] M. S.Islamet al, “The importance of the Pd to Sn ratio and annealing
cycles on the performance of Pd/Sn ohmic contacts to n-GaRsf
Solid Films vol. 292, pp. 264-269, 1997.
IV. CONCLUSIONS [7] M. S. Islam and P. J. McNally, “A comparison study of Pd/Sn/Au,
Although Pd/Ge contacts display optimym which is better than ﬁ_%gi@%’}g’rﬁgie g‘ruo'r??zlwé \fg;d 48“:3'%“'36532\‘2' fgggc contacts to
those of Pd/Sn and Pd/Sn/Au metallizations, the later contacts exhibitgl M. S. Islam et al, “Thermal stébilify of the nénalloyed Pd/Sn and
improved thermal stability at 410C. MESFETSs with Pd/Sn/Au metal- Pd/Ge ohmic contacts to n-GaA&hin Solid Films vol. 308-309, pp.

lizations show improved characteristics compared to Pd/Sn and Pd/Ge  607-610, 1997. ‘ o 3

contacts. The edge uniformity of source/drain contacts with Pd/Sn/Aul®] Slst';n 5:?:;? f‘rgﬂs';'ﬁiii;}a{iﬁzogozﬁ’tﬁq'gggEQ;S%ECEICSSISS re-
metallizations is better than that of thg Pf:i/Sn metallizations and is 5o e Lett, vol. EDL-3, pp. 111113, 1982.

comparable to that of the Pd/Ge metallizations. However, Pd/Ge COM10] D. C. Look, Electrical Characterization of GaAs Materials and De-

tacts tend to exhibit imperfect metal lift-off. Therefore, novel thermally vices New York: Wiley, 1989, p. 24.



