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Ohmic Contact to GaAs ( I )
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Ohmic Contact to GaAs ( 11)

* thermally reliable ohmic contact
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Contact Resistivity (Q-cm2)

Ti/Al Ohmic Contact for n-GaN : Ti/Al Ratio (1)

= Ti/Al ohmic metals to MOCVD-grown n-GaN (5x1016cm3)
= N-vacancy due to TiN (& AIN) formation ; n* surface layer
= Rapid thermal annealed under Ar purified through Ti-getter furnace
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Ref : J. S. Kwak, et al.,
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thick Ti @ better morphology

Semicond. Sci. Technol. p. 756, 2000



Ti-Al Ohmic Contact for n-GaN : Ti/Al Ratio ( 11)
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= Better thermal reliability with thick Ti " Thin Ti contact yields unreacted Al left
= Thin Ti contact gives increased metal after alloying = poor surface morphology
sheet resistance with aging time. & poor aging characteristics
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T1 Ohmic Contact to n-GaN - without Al Layer

Void formation with strong Ti reaction with GaN
= Liquid Ga alloys with Ti (Ti-Ga Alloy).
= Al slows down Ti reaction with GaN by forming TiAl, alloy.

200nm Ti rapid thermal annealed  Analytical TEM Analysis - EELS Profile
under N, up to 805-991°C N (Electron Energy Loss Spectroscopy)

phadl e GaN

0 normalized intensitz l

Ref : B. Van Daele, et al., App. Phys. Lett. 87, 061905, 2005
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Ti/W/Au Contact to n-GaN - without Al Layer
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- pc=8.4x10°Qcm?, 3.8 nm RMS roughness

after 900°C, 1 min alloying

- BOE 1 min. dipping & blow-dry before metallization
Ref : V. R. Reddy, et al., Semicond. Sci. Technol., p. 975, 2004
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Ti/WSI/Ti/Au Contact to n-GaN - without Al Layer
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Ti/WSi/Ti/Au Contact to n-GaN (2.2x10'8¢m3)
- 7.3 nm roughness after 800 °C, 3 min alloying

Ref : C.-C. Pan, et al., J. App. Phys. 98, 013712, 2005
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Ohmic for n-AlGaN/GaN (1) : Ti-Al-Ni-Au

Modified Transfer Length Method Ref : B. Jacobs, et al., J. Crystal
With different metal gap Growth, p. 15. 2002
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Ohmic for n-AlGaN/GaN ( I1) : Ti-Al-Ni-Au
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Fig. 3. R uund pe vs. Al/Ti thickness ratio; Ni=400 A,
Au=1500A; RTA 900 C for 30s, N, ambient.
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Ohmic for n-AlGaN/GaN ( I11) : Ti-Al-Ni-Au
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Fig. 4. R _und p. vs. Ti thickness; Al/Ti=6, Ni=400A,

Au=1500A; RTA 900 C for 30s, N, ambient.
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Ohmic for n-AlGaN/GaN ( 1V) : Ti-Al-Ni-Au

0.8 7 1.0e-05
. ]
\x » —>
F
0.6 I\ < -~
\ /!
\ /
_— % ; E‘T“
AY
E . / :
S 04 AN 1.0e-06 (S
e ¥ ~
23 < O
0.2
0.0 1.0e-07
200 300 400 500 600

Ni thickness (A)

Fig. 5. R, and p, vs. Ni thickness; Ti=300A, Al= 1800 A,
Ni+Au=1900A; RTA 900°C for 30s, N, ambient.
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Ohmic for n-AlGaN/GaN (V) : Ti-Al-Ni-Au

Ti/Al/Ni/Au
(300A/1800A/ 400A / 1500A)

- 1. &8m

~TOEELA % SE G175 0 m

Ball-ups after alloying

Fig. 6. RTA tests for optimal R; under N, ambient.
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Ti/Al contacts on BCIl; RIE-etched n-GaN
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Mo/Al/Mo/Au Ohmic for AlGaN/GaN ( I)
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- 60s in a SiCl; RIE & cleaned in HF prior to metallization
- Annealed under N,

Ref : D. Selvanathan, et al., JVST B, p. 2409, 2004
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Mo/Al/Mo/Au Ohmic for AlGaN/GaN ( I1)
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Ref : D. Selvanathan, et al., JVST B, p. 2409, 2004
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Mo/Al/Mo/Au Ohmic for AlGaN/GaN ( 111)

Ti/Al/Mo/Au ohmic annealed at 800°C Mo/Al/Mo/Au ohmic annealed at 800°C

rms surface roughness = 48nm rms surface roughness = 60nm

Ref : D. Selvanathan, et al., JVST B, p. 2409, 2004
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Ti/Al/Mo/Au Ohmic for AlGaN/GaN with RIE Treatment

Contact resistance (¢.mm)

2.5 = T T T T T T 1 ] 100
Ti/A/Mo/Au g
204 |\ (15/60/35/50nm) S , , _
o -60sin a SiCl, RIE & cleaned in
. e i BOE prior to metallization
,-4-""30 0-—"""D :_E
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{ |
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- N -
‘_®"m_/’ 18
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Annealing temperature ("C)

Ti/Al/Mo/Au Contact to AlGaN/GaN

- pc=2.9x10""Q-cm? (0.176 ©-mm) for 850°C, 30s alloying
- 36 nm RMS roughness after alloying

Ref : F. M. Mohammed, et al., JVST B, p. 2330, 2005 18
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Smooth-Surface Ti/Al/Nb/Au Ohmic for AlGaN/GaN

Ti/AI/Nb/Au Ohmic (900°C, 30s RTA)
rms roughness — 17nm

Ti/A/Mo/Au Ohmic (900°C, 30s RTA)

rms roughness > 100nm
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850°C RTA for 100s = 0.48 Q/mm
(5x10-¢ Q/cm?)

Ref : T. Nakayama, et al., APL, p. 3775, 2004
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Smooth-Surface WSi-based Ohmic for AlGaN/GaN

6.0x10° . . - - - ' 5 Ti/Al/Pt/Au Ohmic (950°C, 45s RTA)
Anneal Time: 45se | e : _ | ’
°‘§ 5.0x10° - 7 TVAIPHAu /. oUW S rms roughness
o > O TVAVPYW/TV/Au ; b
G . O TVAVPYWSITVAu B
<& 40x10°F g 4
& 3.0x10°F . O - S
15 h"B S /z"
S B 0™l . s -
g 2.0x10°F g P it
- T—— D--—"""""‘- L ° ° ° °
5 - R— ° Ti/AU/Pt/WSi/Ti/Au Ohmic
 LOx10°F - - F7 1 950°C, 45s RTA
& i S el ( )
800 850 900 950
rms roughness
Anneal Temp (°C) e
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e WSi, . — RF Sputtering
e BOH etching for remove tungsten oxide

Ref : B. Luo, et al., APL, p. 3910, 2003
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Ti/Al/TiI/Au/WSIN Ohmic Contact to AlGaN/GaN

as deposited

WSiN 750°C, 30s

m \ Unreacted WSIN left
' — excellent capping

Thermally stable ohmic contact to
AlGaN/GaN HEMT structure
= 0.77Q-mm after 400°C, 24hr aging

Ref : E Nebauer, et al., Semicond.
Sci. Technol. p. 249, 2002
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Low-Resistance Si/TiI/AlI/Ni/Au Ohmic for AlGaN/GaN
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Silicon thickness of the Si/Ti/Al/Ni/Au contact [A]

Temperature [°C]

Si(30A)/Ti/Al/Ni/Au (30s at 800°C) = 0.23Q-mm, 1.06x10-6 Q-cm?
( * All layers are e-gun evaporated. )

Ref : V. Desmaris, et al., Electrochemical and Solid-State Letters, p. G72, 2004
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