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GaSb with a high bulk hole mobility of ~850 cm2/Vs, higher than that of most other III–V compounds, 

as well as a sufficiently large band gap (0.72 eV), beneficial for achieving a high Ion/Ioff ratio, has been 

considered a material that may enable the fabrication of a III–V pMOSFET in a full III–V CMOS 

integration scheme for future low-power nanoelectronic circuits. However, the fabrication of high-

performance GaSb-based pMOSFETs is difficult owing to the metal/GaSb source/drain contact 

technologies. The metal–semiconductor contact structure is conceptually simple but a practically 

important technology for compound semiconductor devices in both groups IV and III–V. Different types 

of metalsGaSb alloy phases at the interface between metals and GaSb could affect electrical properties 

such as the sheet resistance or the resistivity of the contacts. The work focuses on the phase 

identification for the interfacial phases between metals/GaSb using analytical transmission electron 

microscopy. To obtain crystal structural information related to metalGaSb phases, nanobeam electron 

diffraction (NBD of TEM) is used instead of conventional SADP in the present work. The composition 

of metal-GaSb phases is used by energy-dispersive X-ray spectroscopy (EDS) and their sheet resistances 

and contact resistances are also measured by four-point probe. The suitable metal-antimonide alloys 

were found for metal/GaSb source/drain of GaSb p-channel metal-oxide semiconductor field-effect 

transistors. 

 

In the work, nickle (Ni) and titanium (Ti) metals were contacted with GaSb rapid thermal annealing 

(RTA) with various conditions. In Ni/GaSb joint, only NiSb(Ga) was formed at the interface of Ni/GaSb 

at annealing temperatures below 350℃. However, three distributed phases, NiSb, Ni2Ga3, and NiSb(Ga), 

were formed at the interface between Ni and GaSb when the annealing temperature was increased to 400

℃. The separation of NiSb and Ni2Ga3 phases from a solid solution of NiSb(Ga) probably easily 

occurred at the Ni/GaSb interface when the annealing temperature was increased to 400℃. In Ti/GaSb 

joint, Only Ga3Ti formed at the Ti/GaSb interface at annealing temperature of 400℃. However, two 

continuous phases, Ga3Ti- and Sb-rich phases, formed at the Ti/GaSb interface when the annealing 

temperature was increased to 500℃ . Ga3Ti and Sb2Ti agglomerated significantly and resulted in 

noncontinuous Ti–GaSb alloys at the interface when the annealing temperature was increased to 600℃. 

In Co/GaSb,  

 

 

 

 

 

 

 
 



 

Figure 1. (a) Cross-sectional TEM image (BFI) of Ni/GaSb after the sample was subjected to RTA at 

400℃; (b) Ni, Ga, and Sb elemental maps of Ni/GaSb; (c)EDS spectra of Ni2Ga3, NiSb, NiSb(Ga), and 

GaSb; (d)–(f) a series of nanobeam electron diffraction patterns of Ni2Ga3, NiSb, and NiSb(Ga), 

respectively. 
 

 

 

Figure 2. (a) Cross-sectional BFI of TEM of Ti/GaSb subjected to RTA at 600℃, showing Ga3Ti and 

TiSb(Ga) phases at the interface; (b–d) Elemental line scanning of EDS for lines ‘‘1’’, ‘‘2’’, and ‘‘3’’ of 

(a); (e, f) NBDs and simulated SADPs of Ga3Ti; (g) HRTEM image of the GaSb/TiSb(Ga); (h) SADPs 

of GaSb and TiSb(Ga). 


