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Effects of Cu impurity on the switching characteristics of
the optically controlled bistable semiconductor switches

g

(Sung-taek Ko)
Abstract

Cu compensated Si doped GaAs (GaAs :SiiCu has been chosen as the switch material. The
GaAs material has been characterized by DLTS(Deep Level Transient Spectroscopy) technique and
the obtained data were used in the computer simulation. Simulation studies are performed on several
GaAs switch systems, composed of different densities of Cu, to investigate the influence of deep
traps in the switch systems. The computed results demonstrates important aspect of the switch, the
existence of two stable states and fast optical quenching. An important parameter optimum Cu
density for the switch are also determined.
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Fig. 1 Optical ionization processes(solid lines)
and recombination processes(dashed
lines) during defferent stages of the
switch.
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Aedolrt w4

el A A Hzel Holn

doly Feluel ojsia Aojzlch Aelois}
FAHE @79d 2 Agels oA ARl
ol BEE olux 2990 =949 o 7
224 AR Fel sodstA B olea

MHelole) B2 548 obdlel Wakg Wyl o
84 71ed 4 g



10“_vv1vvvrvvlvvv;ITTYr.
10 F ¥
1 4 Y
L F ]
BN | 1
— E 3
= o F 3
s 107
e ]
. |
E 107 .
R :
= 4 F 3
S 0¥ E
10° x Y
+F 3
10 8 y
E 3
tr 1
107% :1 U WO U A0 W U S W U U WS T S W 11:
0.0 10 20

Cu Densityl x 10"cm ™)

a8 4 Si7l 3% GaAsAl®e Cuxr % W
e dxre] Wil

Fig. 4 Conductivity as a function of density of
diffused Cu in Si doped GaAs
2
%" = —B—h;—¢—+ Yen nri - kanp
- Yca n(NTi - nri) ~ kanzp 1)
op _ _BhYE 5. .~ kap
at 2
+ YCp DOTE t k.n'p (2)
ONT (e pren )N (G TitCy DHentennT
at = (Cm n+epi ri={Cni N*Cpi PHrenitepi/NTi (3)
A71A n, p: AFAR AF F FE
Nt A B2q
nr Az A7 EY v
hv b oy A
ka A- W AEF Ar
Ka Auger AT Al
cap A & capture parameter
enp A%, & emission rate
) B2 flux
GaAs 2=291x Azt BRAEAM g sMe
9o} wERWAANE FAHog HEF JxE
Lo gl £ e JhE Aqe =t v

R LCE TSR REELE ERE

$F 53 Runge-Kutta 88 AHEstAth #2314
o] AlgR 2 FavHES X 14 I7AHA A
b 29 g3 drx A Demokan$©l
g e Argarach

pol st 3 £2AE AF7] HaM Fole A
z g2 338 2 dojHrt FREAM ALEE

O,

Aok, #z oy x| 7t 1.1eVIFWHM 10ns)Q} =iol
Hiz 29329 A=%E F7HOn) A717] #HeiA
2 A HJH 7t 0.7eVIFWHM 10ns) #elx e A
E 1 FHEA AHEE A
Table 1 Parameters used in the numerical anal-
ysis
parameters & Fu5d
on (CuB) 8 x 10-2! cm? (8)
op (CuB) 3 x 10-14 cm? (8)
Ono (CuB) 10-17 cm? (9)
Opo (CuB) 10-16 cm? (9)
on (EL2) 4 x 10716 cm? (10)
op (EL2) 2 x 10718 cm? (10)
Ono (EL2) 8 x 10717 cm? (11)
Opo (EL2) 3 x 10717 cm? (11)
on (EL5) 5 x 10715 cm? (10)
op (EL5) 2 x 10-18 cm? (10)
Ono (EL5) 10-17 cm? [*]
gpo (ELD) 10717 cm? []
on (CuA) 8 x 10-21 cm? [9]
op (Cud) 3 x 10°14 cm? [9]
Ono (CuA) 10-17 cm? %]
Opo  (CuA) 10-16 cm?2 [*]
B 26 cm/GW (12)
Ka 10-33 cm 6 st (13)
Kd 7 x 1010 cm3 st (14)
x o FA7L 9@ Femgs of AR HHA &Y guE

RELLS



= 4Aa(0ff) Al7Y7] f18iAl AL E o, o)
73 %in] AlZHA ¥i3les Gauss #EE Ze Ao
2 7tAs9d 2w Turn-On @ o)A 9
30nsel A7FE 2 Turn-Off #Zlojx 9 HAFX &= t=
170nsol ¢17Fdc} o2j7tx) BeE s i
291xe BAEAHE AHREI] g Fe =4
5% Ny AbgEt L 2e oA
B B&E 4x10%em el Al 2x10"7

E e

-3
m

7(4 = ,(] = t=

= 5x10%cm™2
%E NCU"C-:
AL-&3F 9 o},

A&

O

5. d% ¥ o
a9 5% 29 A did HAFEH A Edo]
A AFYolm ~YA9 Ajzte] Wl e HEE
o] Wiztg BoiFy gt} o 1YL AHx 27
o Azt E-AEY] 3 dojd "HAt glod
Fo% On AH ¥ Ax%7 fx5E A
Bo]FEm g9low EF Turm-Off #lo]A9 <l
B 2HA HEEZE AL LS HY
o}, welA] o] A9 )= On, Off 2717] sl
A EgAstr] g Follyxgtel AmEus
AdAAAE ZET Ad Ho 9xF HHez ®
ial
al

H‘h

o

(e}
AEx) ge CurE7l 5x10%mPd 2%
Cu =7}
em Q) Agoln AY ofefe] HHoE FAW
AELEE Cu =7 5x10%m™e 2492 veid
t} o] a2ge Neb 107emPwo w
A dFdE On AHE HEe
New’b 107em®Bet e Ao 2939
7b g GAES RgFT Aok Yo} Ans
Tum-On= Turn-Off #o)x el Bz flux7t
10%cm %s ' (1.8MW/em) . o o] A91xe] Ak
o] Wzlolr o] Ay AA AR Ao 2
HE dxkol Wale) Fefok & x>
29 62 Cu Fxe W3l fish dxx wgl
& _110:1“[‘»!—« Ak A71A Peaks T A H
2 Turn-On #lo]A7F ¢171E F A9 9]
=27t Y w9 grelvk Oneg HAE A
o] k& 150nsolM el AExE Jehlm Off
2 3AE AEE 2 200nsell Mol HELE
e o] J%OHH 2H On *LEﬂl‘« w2 Cu
g £ Foda Off ¥eleE & Cu =99
FElEges & & alﬂ sfrtal™ On EH: 7} g
=7 sojoksta OffdEl:= 758
 AZ 7} ytoter &t7] wiEolry, 1% 7L
o] Tum-OnSA S HAFE 802 Cusr®
o] ¥zlo)] U3 On A FEEe Wi wvyg

748 AMom FAE Arg=

f

9

N
o8 e
o
o =

f

2%

'1]~Emn{—n
WOk A e R ORI

F

Az

2

o
ol
i

9 o
ek FEZ

~

-9

¢

X

217

A7 AR AE S A Vol 7, No. 3. May 1994,

Turn-On Turn-Off
Laser LaSeT
PN SAARARRARA RARSS: MARARSAAASRANSA A NSRS ALES
< = 16 3
a New = 5%X10°em
o f TT T T T s e A
p : ) \
§ 15 ! Vo
EEE F | \\ b
E ! - =3
= E ! ]
= o ] 4
) . \ ]
wg 10 : ! 17 -3 ]
S New = 107em”
5F 3
g New = 5%107em ™ 3
b R 3
(1] STV STTSTT VTN UTE ST UWRUTRTY P e
00 0 100 150 200
Time[ns]

a8 5 On-Off EdA =elx Hxvt A7tE o
o 2% axe) AEE W)

Fig. 5 Temporal variation of conductivity of
the switch during the On-Off triger
laser pulses are introduced.

25

Adidddald

20

oo
"o-ove

Peak
On

reeea = Off

15

adalisssiiiasl

adaladansy

10

Conductivity[ Qcm] ™

o

0.0

05 1.0 15
Cu Density[x10"7em ™)

328 6 Cu 5% W3 Peak, On, Off A& =
%

Fig. 6 Conductivity of Peak, On, and Off state
as a function of Cu density

z3 gt} od7]A HEEHS On dHel HER
(O E Ao ARTE(Ce)® Ve 3 eI



Atk Neo 7F 107em”® o wf On Aele) dEeis
Hol Axxe o 80%7F €S BAAF vt Cu
9 WEel G 2949 Tum-Off 54E
a8 8 A HoFa Quk 19y 79 Tumn-On &
3t fAbSA MEES On HHle) HEE(0,)E
Off Aele] A=T(owZE vhie S Y o
thoo] g2 29X7F Tumn-Off & w dxxe
HaleltE &8 HolFE HoR Nest 1007em® @
W7k b mmoogre olE 3x10'4E Be
HoFa e

L0 prrrrggrrerrrr e e :

08 E

E

£ g6k 3
s 5
P ] ]
© E b
04F E

0.0 E........un.......lu.u.uuuuu..v..“..u

00 05 10 15 20 25

Cu Density[ x 10"em *}

a8 7 299%9 Tun-On 54
Fig. 7 Turn-on characteristics of the switchs.

10—1 TTTTTT T Y Y T Y ST YT YT Y T Y Y T Y Y Y e T ey Ty e re ey )
< 3
r 3
I 3
4 3
10 E E
F 3
L i 1
w F 3
o 3 3
b W0 E ]
=~ 9
z s
o
10 F
F
o
[
1

05

1.0 15
Cu Densityl x 10"cm™,
a3 8 =% A2 Turn-Off 54
Fig. 8 Turn-Off characteristics of the switchs.

0.0 20 25

2

pum

6. &

218

HY oft rfr e Qb oo

e ot

s
s

DEA e} Aok A R A oA In!

oX,
-

A= Si o] = E GaAsol Cug X
Wl A A AN AR
GaAsy DLTSH s 9|3}
EL2 49 EL> 99 7
A%t Wake wRAe

R

24 F AU AE AHgstd AF ARl s
Atk (HelHE A&t 29 A 9]
o]q')

AR =2 zle] Turn-On

= (=] A~
E48 Not ¥ 7

2 Zo} Tum-Off 54L& yuxjEa Ny = 5X

10%em ™Y W New = 107em A =7 AR A9
Az by AR Bl

¥ o] =2 19929 5 stEEAge oAF
8] 2 el o8] ATEHAS.
024

1. RK. Germer, KH. Schoenbach and S.G.E.

. S.T. Ko,

5. ML.S. Demokan, M.S. Ozyazici,

Pronko, “A bulk optically controlled semicon-
ductor switches”, J. Appl. Phys., 64, pp. 913

-917, 1988.

. M.S. Mazzola, K.H. Schoenbach, V. K. Lakda-

wala, S.T. Ko, "Nanosecond optical quenching
of photoconductivity in a bulk GaAs switch”,
Appl. Phys. Lett. 55, pp. 2102-2104, 1989.
V.K. Lakdawala, K.H. Schoenbach,
M.S. Mazzola, "Influence of copper doping on
the performance of optically controlled GaAs
switches”, J. Appl. Phys., 67, pp.1124-1126,
1990.

. D.V. Lang, "Deep level transient spectroscopy:

A new method to characterize traps in semi-

conductors,” J. Appl. Phys., 45, pp.3023-3032,
1974.

. C.T. Sah, "The equivalent circuit model in
solid-state electronics—-part 17, Proc. IEEE,

55, pp.645-671, 1967.
"The interacti—
on of mode-locked laser pulses with intrinsic

silicon”, Int. J. Electron., 51. pp.93-143, 1981.



7. AE. Iverson and D.L. Smith, "Mathematical
modeling of photoconductor transient respon
se”, IEEE Trans. Elect. Dev., ED-34, pp.2098

2107, 1987.

8. D.V. Lang and R.A. Logan, "A study of deep
levels in GaAs by capacitance spectroscopy”,
J. Electron Mater., 4, pp.1053-1066, 1975.

9. N. Kullendorf and L. Jansson, "Copper-related
deep level defects in III-V semiconductors”,
J. Appl. Phys., 54, pp.3203-3212, 1983.

10. A. Mitonneau, A. Mircea, (.M. Martin and
D. Pons, "Electron and hole capture cross
section at deep centers in gallium arsenide”,
Rev. Phys. 14, pp.853-861,

1979.

11, G.M. Martin, "Key electrical parameters in

Appl.(France),

semi-insulating materials: the methods %o

12.

13.

15.

A7\ A A8 837 Vol. 7, No. 3, May 1994,

determine them in GaAs”, Proceedings of
the Semi-insulating III-V Materials Confer-
ence, Notingham, Shiva, pp.13-29, 1980.

T.F. Boggess, JR, AL. Smirl, S.C. Moss,
LW. Boyd and E.W. Vanstryland, "Optical
limiting in GaAs”, IEEE ]. Quant. Elec.,
QE-21, pp.488-494, 1985.

M. Takeshima,
GaAs, "]. Appl
1972.

M.S., Demokan and M.S. Ozyazici, "High
speed optoelectronic gallium arsenide swit-
ch’ triggered by mode locked laser pulses”,
Int. J. Electronics, 55, pp.699-727, 1983.
Morgan Semiconductor Div., Ethyl Corp.,
Garland, Tx75047-2367, USA.

"Auger recombination in
Phys., 43, pp.4l114-4119,

A 24 7Y

249
19659 19 1294, 19804 Slatistm
AAEes 39 19949 22H got
t (W2) 2% EAAAD. 19804
’. seolyel yeta(e®) A7) 2 A

B Fa (e, 1989d-90d
croyd et 9T 1990d-01d Addiea
AL 19040 B4 AFYSE 2

E

0 e JH o

4

219



