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Alloy Conditions Impact on Al/n"-Ge Ohmic Contact
Lin Wang * Ruan Yujiao® Chen Songyan * Li Cheng *
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( @. Semiconductor Photonics Research Center —Department of Physics,

b. College of Chemistry and Chemical Engineering Xiamen University =~ Xiamen 361005  China)

Abstract: Germanium is used as the primary material on the micro-or opto-electronic devices due
to the much higher electron and hole mobility compared to Si as well as its favorable absorption
coefficient in the near infrared wavelength regime (1.3 — 1.5 wm). However the ohmic contact
formation on n-type Ge is still a challenge because of the severe Fermi level pinning effect of n-Ge and the
low concentration of P-situ doping. Heavily-doped n-type Ge was achieved with phosphorus concentration
of 1.5 x 10” cm ™ by the ion implantation. And then a series of Al/n*-Ge samples were prepared
according to circular transmission line model ( CTLM). The samples were annealed at different
temperatures and with different annealing ways to analyze the contact characteristics. The test result
indicate that the Al/n"-Ge contacts show ohmic characteristics by rapid thermal annealing ( RTA) at
400 C for 30 s with the lowest contact resistivity p, of 1.3 x107°Q) * cm’.
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Tab. 1 Annedling conditions of the samples
T/C t/s
Al
A2 350 180
A3 350 240
Bl 400 180
B2 400 240
B3 400 300
Cl 350 30
c2 400 30
C3 430 30
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Fig. 2 Microscope images of A group samples
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Fig.3 I curves of A samples
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Fig. 4 Microscope images of B group samples after annealing

2013 &7 A



St Al/n" -Ge BRIBAE fik 6 %5 v

02
v 400 THRIEKIS0 S (B1)
100 CH B K240 s (B2)
0.1 X 400 CHMIEK300s (B3)
E 0.0
-0.1
g
B R a— 0 1 2 3
VIV
5 B v
Fig. 5 IV curves of B group samples
Al 4.28 eV Ge
4.8 eV Al Ge
Ge
Al/n" Ge
o B2
400 C 240 s Al Ge
Ge Ge
Pe /
Peo ( CTLM)
2 6 ro =

80 pm r;"=100 pm r;, =200 pm r,” =250 um
r, =320 pmo

6

R,- R,

July 2013

R,= (R, +R,-R) /2 (1)
(1 Ry
(2):
® = In(r,”/r) )R, —In(r,/r,) R, /R (2)
D
®(q 1) = [1n(’2')1e —ln( ) /e =
Ty
{ln (Z)[E(ro) . 1 AG, 7 )]_
r ar, ar’, CCr; 1)
ln(rl/)[LB(rl ) 1 AG, rZ,)]]/
ar, C(rI r ) arz’C(rz rz’)
ACr, 1,0 BGr, 1,0
. 3
e Y ST BN
1,
E(r,) = (aTO)'A(r x) =1, (ar) Ky(ax) +
1, (ar,)
]O(M)Kl( r);B(r x) _[l(ar) Ko(ar) +10(0Lx)
Ki(ar); C(r x) =1,(ar) K;(ax) =1,(ax); D(r x)
=ly(ar) K (ar) =1, (ax); L, 1
; Ky, K,
;o o
(3) ar (4)
Ala 1)) =
ACr, 1)
(arO)Z 'd)] [C(r B(rl rl’)+D(r1 rl’)
(4)
[m( )R —ln(—) ](rO)A (5)
Peo
Dla ry) Ala r) a 1, 7

afn

7 @ A an
Fig. 7 Relation curves of @ A and ar,

Semiconductor Technology Vol. 38 No. 7 533



ARIE & A fMaT Al/n" Ge BRAGH AR89 % h

A (5) pee
B2 Pe
4.3x107°Q * em’,
p Ge
pn
Al/n* Ge ( 1 C
)o 8 C 200
cl C2 C3 ( rapid
thermal annealing RTA 30 s
350 400 430 C Cl1
(350 C) ;G2 (400 C)
; C3
(430 C)
(c) 430 C RTA30s ( C3)
8 C
Fig. 8 Microscope images of C group samples
C B
Al Ge ;

534 ¥ FhHAREIEETH

4 s o
Al Ge
Al Ge .
. 2 C3
400 C .
c 1V 9 Cl
350 C
. C2 C3
v .
CTLM 2
p. 1.3x107°Qcm’ B2 )
0.10 ¢
0.05} s
= \M
o 0.00 r " ..;c-x:x‘ﬂ”"’”
~ T
005} /& v 350 TCRTA30s(C)
©' © 400 T CRTA30 5(C2)
-01 0 ':::::::::z;::“w:-rmvw:f
-0.15 . )
-2 0 2
VIV
9 C ¥

Fig. 9 I curves of C group samples
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