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Influence of Ion Beam Etching on Silicon Schottky Barriers
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Abstract

Ion beam etching of silicon with N, and Ar gas has been found to cause the band edge to
bend downward near the surface in p-type silicon. Rectifying, rather than ohmic contacts
are obtained on the structures formed by evaporation of gold and titanium onto ion-beam-etched
p-type silicon. The 1/C? versus V relationship measured at IMHz is found to be nonlinear for
small voltages indicating alteration of the effective doping close to the silicon surface.
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a is for a chemic ally etched sample,
Sample b has been ion beam etched
for 15min. Sample c¢ has been sub-
sequently annealed at 400°C for 1 hour
in nitrogen prior to metallization,
and sample d has been subsequently
annealed at 800°C for 1 hour in ni-

trogen prior to metallization.

28] 32 shehE oA AE, NoolgAl AT
AE, oleA AHI F °éx1ald “—;—91 -V
Aleojeh, 24 3ol4 FAlate statdos oY 4

o]

£, FA cE ol2A olA% N, FolX 400CE 1
A7k dAed B, FAde N.Fol4 800C = 1
Al 7d Az g 7492 2tz - VEA FA ol et
silicon 71212 gA o d¥ TiE Fizbstdch
8] (rectification ratio) v A% V==10. ZVOHH
A a7k 40013 FA b7l M5R o] A ol Ao al

°l

#7129 ole ol ael o

8k

8}od Schottky AW o] Z7}s s5|o] AREQo] 47 70L
A& 4 5 ok 400ColA 147 d s A
ool Y 4k Ao wite] gldlar, 800TNA 1
A7 d A stod N, o] 4oz ofrH £43 (da-
mage layer)& SHA3] A AL 4 gl o] &
T Addeor Ads w2 2xolth a2¥ 4+ 3
gHog ofalg ME, Nol&A NAg AFE

I-VEAo|c) 8 4049} Fo]

7 o

off 71al

10 °

10 *-

10 °

Current(A)

10

10°

Fig. 4.

249 FAbel 27 52

i bR)

silicon7|%ke] <}
¥4 at stebdo
N.o|- 24 A3 7
ol &4l ooz 3
G ek 2R 54
A be 57k
© 1587k Arel-&A
of 7141 o} 3l A] 7} o]
o Adlals o

% 2kel sl
Agk Aol F4 b

VEdoIdk o4

Q

E
[ 54l ol et
£ Are

1
5

\"0

FAert A AlsiA|
g Ao
| oe

Rl

A2 747 ok No o Arol
ol 2] 7t et2md silicon 7]2] H] A
¥ty AlgEw 72 ] 7kl

2 o]
q g o A
g TF9
T T I I
,aF & R)

/ F : FORWARD
’/ K : REVERSE

e /// 4

b(F)//
: Au Front Contact

S : (0. 031cw)
Nz Ton-—77 71’7 lid

Beam Etched
Layer P Sl(l 4Q2cm)

ya Al Back Contact

|/
L ! I

0 0.1 0.2 0.3 0.4

Voltage(V)

=
2

. p3& Sigel AuE
2] o ulEE &)
Ak AE I bt

A ol ch

al

Ol

Forward and characteristics
for Au dots deposited on p-type Si.
Curve a is for the chemically etched

sample. Sample b has been ion beam

reverse

etched for 15 min,



A Gad Gk

10 ’!' | [ ‘ |

; salll & R) Ve
e f F : FORWARD b(F.‘/
! R : REVERSE )

Au Front Contact
¥ (0. 03Lew)

05 /" 1

Ar Tow =TI T

Beam s -6.2m)

Laver 1

Ve e
S
-

10 °r-
Al Back Contact

Current{A)

{HI o

) : )
s
TR Y 1 [

on
°

o2t

&

2

>
[~

nju

olN

B

e

2
LI

2

O

o=
o
o
f
s
o
rir
\oh
o
ol
o
N
lo
ol

T
ak Jf e
e
6o o
v rr 4
% o

fo
Bl
ol

characteristics
for Au dots deposited p-type Si. Curve
a is for the chemically etched sample,
Sample b has been Ar ion beam etched
for 5 min. Sample c has been Ar ion

Fig. 5. Forward and reverse

beam etched for 15 min,

o] &A1& Ab&alE AFoll schottky &%
& ol = vhgka gl 2o}

Sig ol o4l o Aol 3L Er éa“‘ 5 of
olB 7] ffsled CVEAL H4dte] 1
e et 2/l 6 ol M 2} o] Aghkat 1/c24741‘— o
Hghel & 7 Soll= Alg ol 71871 % Sivighel
v & & ol %) sfar )

gkl o Hgle] 4239 (V=0 .8V)+
obre Sigwel 25w FE7h HT AL o 5
oleb, zzejvh dskak 1/0%2) BAlE o 2k zhe

At Ay dolug BFE Pt 44 A A linearly

JE,
&
=
2
ae)

A3 4d o]

-graded dopant profile) & ¢ 4 lch, HAE 4o
2 ool¥-Al ol Al Sivlake) BEE FEYE U
stolemz E7F AR

oA Ao BiEE
27t sl Ao Ausld agl7 &
AAdgt AFel C-vEAdeor Ak 1/¢e o

AE AH AL oF £ grh W Adeld Al2E

shetA o 7

H3I5E 29 19865 2 H

—19 —
T ! I
: 3% 10%
2x10%
e .
:
T px om0 1o
4x 1R~
3% 0%
e
2x 1000 #
e
]030_
| !
1 2 3 4
Reverse Voltage(V)
3% 6. 219 Ti/o| &4 ol @ o] 2 x ]
C-vV E4
Fig. 6. Capacitance-voltage characteristics of
the Tifion-etched Si diode of Fig. 1.
910" T T T
19 |
8x10 r /
7x10 4 7
610 7
£ 5x10v) 7
2
T ax10vh / n
3x10F A 7
2x1(1’9'/ ]
101 ﬂ
— | 1 I
0.5 1 15 2
Reverse Voltage(V)
A7 2719 stebH oz oy A Ee C-V
54
Fig. 7. Capacitance-voltage characteristics of

the chemically etched sample of Fig, 1.



—20 — Aol o1

e Mgl 2Het

RE cholgrel 475l

o
AR

2 8
gz o] AeATRE ol Al oA oz glgl
A2 of Ao dgbgol A pH silicon 2
29 ofiviz] AL FoRRIA AREAe] s
eldS o e} oe} o] Awlg Z
771 Yole skl RsllAlal oAl ol
Z ol 7oz <13 EA<EA (radiation dam-
age), ol & ](1mplamat10n o] &Alol Ty E&
+ Foll st £Ake] A7le Ao AR
o2 ESR(Electron Spin Resonance), RBS
(Rutherford Back Scattering) 224 -& Eal 49
A3le Fesor ¢ Acs ARHT. = of 3 Fol

FAe, &9 (sidewall) AHel 5o #HaA zax
slob & Aog AzEc Fog oAl o A& A}
£ 3 2AFA olofrlg vl HabHel A B
aejafol &7lolt

a
o

anes

1) S. Ashok, P.P. Sharma, and S.J. Fonash,

ol &4l ol 42 o7

66

(*3

I

“Spray-deposited ITO silicon SIS hetero-
junction solar cells”, IEEE Trans. Electron
Dev. vol. ED-27, No. 4, pp. 725-730 (1980).

2) T. Feng, AK. Ghosh, and C. Fishman,
“Efficient electron beam deposited ITO/n-
Si Solar cells”, J. Appl. Phys., 50,
No. 7, pp. 4972-4974 (1979).

3) J.C. Manifacier and L. Szepessy, “Efficient
sprayed In, O;: Sn n-type silicon heterojunc-
tion Solar cell”, Appl. Phys. Lett., vol. 31,
No. 7, pp. 459462, (1977).

4) B.L. Smith and E.H. Rhoderick, “Schotthy

vol.

barriers on p-type silicon,” Solid-state
Electronics, vol. 14, pp. 71-75, 1971.
5) M.J. Tsai, A.L. Fahrenbruch, and R.H.

Bube, J. Appl. phys. vol. 51, 2696 (1980).
6) 1.B. Dubow, D.E. Bulk, and J.R. Sites,
“Efficient photovoltaic heterojunctions of
indium tin oxides on silicon,” Appl, Phys.
Lett., vol. 29, No. 85 pp. 494-496. (1976).



