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Abstract
Effect of boron in GaAs have been investigated by photo-induced current transient

spectroscopy(PICTS). The starting material was undoped liquid encapsulated Czochralski(LEC) semi

insulating GGaAs and boron ion implantation at 150keV

energy was conducted with dose of 10" and

10%ions/em®. In ion implanted samples, the peaks related arsenic vacancy(Va,) were decreased but

complex lattice defect was increased with annealing temperature. U band was observed
implanted(10"™ions/cm”) and thermally treated(550°C) sample.

at ion
More negative peak was detected after

annealing at temperature between 600 and 700C. The measurement of dark current showed that the

formation of Bea-Vas complex defect and complex lattice defect by

lon implantation were a

reasonable explanation for the decrease in dark current.
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Table 1. Activation energies and capture

cross sections of deep levels.

. B . | Commonly |
. Activation |Caplure cross |
Trap . s used !
energy(eV) | seclion(eni) i
trap level !
AL 025 | 176%10" [ELG group)
B i, 0.31 83710 " j
C 0.42 143X 10 °© HB4 i
Do 060 | 1.94x 1(7)7 ) kI3
[ E 067 | 301x10°7 | HB2 J
t. 10ms DB-implanted Si-GaAs
t’ 1ooms  (150keV, 10 onsfem? )
2 FA - 20min
800°C
g
2
=
5
=
S}
w2
w2
£
&)
[
1 A 1 1
100 150 200 250 300 350
TEMPERATURE[K]
a8 4. 10%ons/cm’ 2 borono] &<
THAIZL A|59] PICTS A%,
Fig. 4. PICTS signals of boron ion
implanted sample(10'%ons/cm®).
150keVel el zs} 10%ons/cm’e  dose®.

FANU 7, @

Ay X wa PICTS Jag
o2}l del Amseh waat] 9 A ehy

Ak DA 2] AREE WA GaAs d$ek 295
2093+ &g,

15 & d49g o1 2e Ame A
W We Tl WeEsk B Y D E9e] a9
T FHos s AgE ¥ 5 oAk ol

o] &3

430

AN AR Y8 &3 Vol. 8 No. 4, July 1995,

450°C 9 A

Z—]O /\]Y—L

EEDE

delel £7b g Anw % 4 oo
AA @ AR AP, oleg F

Aok e wHg o), d
w7 sheralE s, 550Te
% E 97 AR

600Col 49 AA 2 el oL

el Afsief A o 51
MEZL HGAs FUrE R Fadshe dgais
gl g ave fAHAn ol 44
boron o] x&Eol A elel o8 Frhel Vael A
oz dojt dow Wrigct W o)
79 % 800TC e dxelai At E 299
MEm A8 2k wet A Z7Ekgn) o=
ol &l 916}1 H48 AAATd boron Y=z}
iz olg} —E’—é}ﬁ?l A o] 800°C e 4

At & Aok
1ons/cm22}_ boron ©]2& FAr
dE PICTS 45% vhebd zoluh,
dxag  2XR7AE 10%ons/em’ o R o]
Foalzl Almet e GAS Holxu

R v Seld d4e mgvh

29 5% 10"
A e
0°C 2]

%

ol el

B-implanted SI-GaAs
(150keV, 10" jonsfem? )
FA 20min

t; 10ms
t, . 100ms

2

800°C

PICTS SIGNAL[arb. units]

200 250

" TEMPERATURE[K]

23 5 10%ons/cm’© 2 borono] &4
TAAZ AR PICTS A5,
Fig. 5. PICTS signals of boron ion
implanted sample(10™ions/cm?).



a
=

z 550T9 dAdaE Fole C FH OF2
Martin'®5o] Bng U W=z Zeixs 47 %
o wel7t BEE o, 600Ce Al
WEsk 348 $asRA E Azt o=
v‘l—ol HAh7k 700T o) 4be)
417} Hoieh. olgh e
o) B=x AT WEd L 7
79 ¥ horon ©]20°] 550C ¥9 EAHE
wzo] AZwt Eyv+0.70eV #29 A
#ao] Qv & 4 9l 1t
gz daflriE o]
T obal olo it &
oy, B AFox
LA = S
PICTS 43 Ax#z%H 10°% 10™ons/cm
o] ol F oA F=L

.

20
=

oz M A o

5 w0

1*1 E}*l

"

“l

=

o

5

:

om
o o

o

e

2 u= How Hol B A @i o] &F9]
o FrolME Ao B2& 54 Bl & 5 4
ot

1% 62 300KOA 25Vl HebE <lvbetel &

49 GAFE

e AEg FYE AR Atole dutd S
wol: Atk F, o228 FYUsA e FE 700
o @A SE ol gelAE AT HAFe 4
9 wolFa glou oeg FUT Feel ol
AN o8y ga® For dFdHom {FAHI
Qge ¢ 4 A olE oeFYL A WL A
Dark current at 300K o)
--O— Si-GaAs(bulk) /
O~ implanted S-GaAs(10' ‘B ionsfem?) /
-V Implan!edSl—GaAs(W"B|onslcm7) /
w07 /
< /
=
Z /
& /
[
5 v /
(& N é
4 o h
o4 ya
g N\E
/ \
R
Bt / F‘»\ \
N ST
1071 / \3//9
v
A 1 1 i 1
0 200 400 600 800

ANNEALING TEMPERATURE[’C]
a3 6. 300KA ZAd AR
Fig. 6. Dark current at 300K.

D PICTS¥ ol 9% horon o] &5

431

L RANEREE R R R

S Orito'5e] LECHO 2 4%¥ WAAA GaAs
o 9iol Ga A#sl HFH boron(Bea) As WA
2] 9te] complex(Bea-Vas) 2ol A5 ®e) A3t
Lzl 258 FAAIS dag stn don 1
€2 AN Baa Vast FAEAA dak enk
2 FE7F F7hgga Bag A HT 129
Ao A g R gk Als

A A7 Vi 5% #EE GaAs ¥ 2
of elaiH PYoE Wee] HojHngE Ay A
st At glom® B ATl 700C ol
Aol A Vi 53 #EE A 2B EH Wi

FxgelA Cu

NEY FAR 7w B oW olHw AT ARNE
of el Yee & & Atk ol FUF 2

% Amel FAFI 2 @ se a9 49
591 PICTS A&eld @de %7 F718kqs
AR B EHel e AEe) A7k of&g 79
7 ore Aas uud w e 2 E7A8A

i

n YT FFEL FAGE e How Hop
ZF3149 boron ¥&7F Baa-Vas @?Q’S NERS IR
o] <& Ha GaAsel ol A BoaVas A
sto] FHU B Fow ézﬂ‘?}giw R
3 SHlzl FEE A AANIE RORE gqﬂc}_ o
& boron ©]&& FUAIZ A o =] 2 o

58 £
2 AFd e LECHeE BEES H7AIR
oIl ‘é%} J HhE ol A (:aAs(lOO)‘ﬂ] boron ©]Z&

2w 10"%ons/cm”9]

o 2 rfo
r$‘~‘
r)'
}0&

N
X
zl_,
S
X
o
&
pa
IJ.‘
LW ool

% Fig=
2) 10’ 1ons/cm“«1 dose® boron ©|-&
A% B FH A I

A Ve AAE o)
2%l o8l E

¢

ﬁ H oMY
mu e
o

3) 10”ions/cm’ -4 dose®Z boron °]&< FYT
# 550Ce APl U Wert dA4HA

fo mt



o, 600~700T 2} DAglolx E =) z27p

o hebuteh olol tig o we ol ys was)
ot

4)

B(ia*v/\x 73 §}9]
e

(2]

(3]

(4]

(6]

olee FYsA e
g2l 2o A4
o
HE z27]e

o2 FAEHY

| Nz @
e Ao
EERPNE-RS P2
ERRES
Sosh Adaael ¢ B 7
1% Azolrt,

3
d
80

ol &

37z

L]

D 7 o8

Maria J.S.P. Brasil and D. Motisuke, "Deep
center characterization by photo-induced
transient spectroscopy.”, J. Appl. Phys,
68(7), pp. 3370-3376, 1990.
G.M. Martin, P. Secordel,

"Compensation

and C. Venger,
mechanisms  related to
boron implantation in GaAs.”, J. Appl
Phys., 53(12), pp. 8706-8715, 1982.

J.R. Morante, J. Samitier, A. Perez, and H.
Altelarrea, "Analysis of the near-intrinsic

and extrinsic photocapacitance due to EL2

level in boron implanted GaAs.”, J. Appl
Phys., 60(5), pp. 1661-1669, 1986.
J. Samitier and J.R. Morante, "Optical

behavior of the U band in relation to EL2
and EL6 levels in bhoron implanted GaAs.”,

Appl. Phys. Lett, 48(17), pp. 1138-1140,
1986.

L. He and W.A. Anderson, "The effect of
boron, oxygen, and fluorine in ion

implanted GaAs.”, ]J. Electronic Materials,
22, No. 3, pp. 323-329, 1992.

R.E. Kremer, M.C. Arikan, J.C. Abele, and
J.S. Blakemore,
vity  measurements in
GaAs.”, ]J. Appl. Phys.,
2431, 1987.
A.G. Milnes,

"Transient photoconducti-
semi-insulating
62(6), pp. 2424-

Deep Impurities in Semi-
conductors, John Wiley, pp. 114-140, 1973.
O. Yoshie and M. "Photo-
induced current transient spectroscopy in
J. Appl

Kamihara,

high-resistivity bulk material.”, ].
Phys., 22, No. 4, pp. 621-628, 1983.

432

[9]

[10]

[11]

[12]

[13]

[14]

[16]

(17]

(18]

[19]

A1 AAA 888 Vol. 8, No. 4, July 1995,

s, H71F, A, HaH, o) ¥S, o) F
g, b AN GaAso Al DT 7ol Ba
A, ?}%6717&1}7}13% 512, 78 5%, pp.

383388, 1994.
D. Pons, P.M.
"Energy

Mooney and J.C. Bourgoin,
of
introduction in electron irradiated GaAs.”, J.
Appl. Phys.,, 51(4), pp. 2038-2042, 1979.

dependence deep level

dats, el ol F, vEY, A, ks
4, S0 o1& F9E GaAsel 74 QAo

ot #H3 547, A2 x g EE

", 2, No. 4, pp. 400-406, 1989

S. Chichibu, N. Ohkubo, and S. Matsumoto,
"Effects  of controlled As  pressure
annealing on deep levels of liquid
encapsulated  Czochalski  GaAs single
crystals.”, J.  Appl. Phys, 64(8), pp.

3987-3993, 1988,

B. Santic and U.V. Desnica, “Thermoelectric
effect spectroscopy of deep levels-application
to semi-insulating GaAs.”, Appl. Phys. Lett.,
56(2), pp. 2636-2638, 1990.

Q. Fang and D.C. Look, “Infraed quenching
and thermal recovery of thermally stim-
ulated current spectra in GaAs.”, Appl.

Phys. Lett., 59(1), pp. 48-50, 1991

deit, 289, 949, W47, “Excimer
°] 4  Annealing® HB-GaAsuWo] zl&F¢
A, A EES I AN B, 29, No. 5,

pp. 591-595, 1989.
G.M. Martin, E. Esteve, P. Langlade, and S.
Markram-Ebeid,
the midgap donor EL2 in neutron irradiated
GaAs materials.”, J. Appl. Phys., 56(10),
pp. 2655-2657, 1984.

S.R. Blight, H. Thomas,
the negative peak in photoinduced transient
of semi-insulating
J. Appl 65(1),

"Kinetics of formation of

"Investigation of
spectra gallium

arsenide.”, Phys. pp.215-
226, 1988.

F. Orito, K. Fujii, and Y. Okada,
mation and behavior of BgaVas
defects grown by
liquid-encapsulated Czochralski method.”, ].
Appl. Phys., 68(11), pp. 5696-5699, 1990.

1HF, HYR, Hed dux, gL o

"For-
complex
in gallium arsenide



FE CPICTSHEA J# boron o2&~ - HVH AAF o] E4 A dAdd wjAs

o p-@ow wAY WEAY GaAsel A
714 540, aEzsts g, 34
No. 4, pp. 440-444, 1994.

EEEX

!:.7§Al

A4y 19675 9% 92 4. 19904 29 A8

2

4 - . [e] l
196351 39 12948 19901 o3 vhoy &t I %Eaty 29 19924 29 Eu o
melotah 2919924 29 ¥ sty g Zesty ZQ(H4h. 19% dA
Beled EQeAb. dA § sy T et S g whapeg,

MY Aok

799
19674 19 294, 19804 Zudistw
Zodsg 24 191¢ 5x gy B

1%1Lj 89 1994, 19854 29 ooy
: gt 2Q(AAD. 84 AEdgu 4
o}

,}'Jﬂ '-:E] ’Jr :“}ﬁ 19874 89 & Ul

sl e} ESAN 1904 29 PERRARATR i
5 oo TS S A5 o
EL LR REEEEL T

oS
1967 8¢ 1394, 19005 2% oy
S melels 29l 1990 % % 4

e ek #0084 % o
S ALY Ao,

433



