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M 3l§to] we} PVCR(Peak to Valley Current Ratio)2] 3t A k=] dstel ol e a7l 3713
w2} nonresonant tunnelingoll 2]%} valley current7} AA] Z713te] 7]41%kc)

Abstract— The GaAs/AlAs double barrier structures was grown by MBE(Molecular Beam Epitaxy). Mesa diode
was fabricated and I-V characteristics of the diode were measured by semiconductor parameter analyser at room
temperature. TEM pictures show the double barrier structure with abrupt interface. PVCR(Peak to Valley Current

Ratio) proves to be independent of barrier thickness. These results show that increase in barrier thickness leads
to larger valley current by non-resonant tunneling.
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1 GaAs 1X10'8 Substrate

2 GaAs 1X1018 3,000 Buifer

3 GaAs 1X10' 600 Contact

4 GaAs 3x10"7 500 Contact

5 GaAs none 30 Spacer

6 AlAs none 20, 40, 50 Barrier

7 GaAs none 50 Well

8 AlAs none 20, 40, 50 Barrier

9 GaAs none 30 Spacer
10 GaAs 3x 10V 500 Contact
11 GaAs 1x 108 2,000 Contact
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Fig. 1. Cross-sectional transmission electron microg-
raph of the double barrier resonant tunneling
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Fig. 3. Room temperature I-V characteristics of sam-

ple A (Ly=504, Ly=20R).
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Fig. 2. Calculated resonant tunneling current in the
double barrier resonant tunneling structure as

a function of barrier thickness.

et Zrhgkc) ole AHe] FAE FAadel e}
Fgrgo] Frgtel v|Qdch F, Ao FA7}
gt wel d{dEs AFFFH o F7)s8id,
PVCR-& A3t} o]+ H. Sakaki S[14]9] o149}
FTdg Aok

Fig. 32 A& AZ A= 3955 delex
’54_—9—"“’\1 PVCRE 3tel 714 £ tlejo =9 242-‘&

AE-Ajoltl, PVCRE 37601903 2 wW¢] Peak %
Ues L1X10° A/em?24] of33 2953 t}olg
=2 EAS Bolx 9ir}

ob&e] o|FAH FxolA AEe] FAE dulsle
Azgk A8 B % A|& Cell % P,(Peak Voltage),
P.(Peak Current) 2 PVCR 3z+2 AHe]sbd Table

@758, A1 2135, 1992

A)%.2] PVCR® g+ A1 & Be] PVCR 3tel vlsl =4
W 3}5] =] 9¥gkov), peake] AFUEE A8 Coll 4
oF 3wl Fvlstach &, AHe] Fe|rt 2, +E9
Fo] g AHY A FA} ZRAd] o}
F43] ZF7slgd ot PVCRE & #H3bl 958 v}
ehdch ol A 5A7} ol wet J(Peak
Current Density) = Z7}3}A]2t J(Valley Current
Density) 94} tj&e] Zrlgichs & BeiEdt

olrtell 4] Adwgl ule} zlo], AF A peak val-
tage7} AHe] Ao wet WEsA 9de dAd
Transfer matrix ¥WH-& Fs AR AURAEA7L
BE Aol H7Fe] 131 meVe}t 461 meVolw, o}
A2 8e A4E peak voltager Fig 244 B
ule} o] zhzt 026 Vel 0.92 VEA], A e] FAH
slol] W E oJEA AsbA e} AR
o}, 3 A e A 7L Fhagtel wet J7) F8ke
Ak, Al FA7L g wel FHEgEe|
ZF7hgtell 7] <lgict

kAl Aol A N7k Fbse A

o

=

(-2 K]
l%’\_

BolZ|

[e]

L

Fd



MBES| 9% chepat +EA% % HHQT 137

gl gy F3t 51619 Folel 9% A2 A
P}k 28y B G ZE RS AN F
o7} Ak, A F+EWE oA FE 7 2ozt
330 meVEA] wl$ 3 RE g9 $Eo Ex

oAXE e FAr i) et 5 F4E5
23 F3o AR =8¢ we £ & 2l
Z718A & Aeolch F, o]e} & FRolA] A 4
A7} FHAa gl wel 274 valley currentw FE
A8 A2l zhael a}E evanescent stated &
S3je} uietd 3 5o Frlol g werkw &
ok

T, e FAMste] g AFdxe] W ¥
PVCRY] 7 8ol digt A A= A4kl & At

& EAS Bolx vk Al i Ao &
A7} A wel AFUEs Aggrde F
7}8tm, PVCR-& i) zeiv} A 2ol osld
peak current el FA7} gl wet Fvt
gxgk PVCRE A FANsiel FU§e Bl

z o] FA Wl w2 PVCR ¥ peakol A A
Fuxe] Agxe} Akl 93 7 8L Fig 49 3k
Ay o) EA7} FhAadel w2} evanescent stated
53 53t R el e A A
ol we} Jy7b Sl AE WS AlAs A
inhomogenityoll 7]1[17]%= evanescent states&
B¢ F3ot FoE] Witk ey Ae] 7
AHzte}l F#Y PVCRE vehdis A& A4 579
Z7}oll wh& impurity scattering®} tunnelingell ¥u}
E+ impurity scattering 5o 9% 953 A Fa
Z+29} §7 non-resonant tunneling®] Z7}ol] 2%
valley current®] %7} wfe]c}. P. Cheng 59 o
TAstol| 2slad, Aql AlAsZoll dopinge F71%
o we} peake}l valley®] current X}7} 2ojxo]
23%|n], ¢]+ impurity scattering®} tunnelingel] @&
impurity scatteringell 2% tunneling coherence£]
Aol 7]Q18kA]% 1.2X10/cm*2] doping barrier&
b3 Al89] 7§ RTDS HAdd) A4 & 438
|2 Ejcke AMdE Ral18] =qldh oield
AlgeA Ao FA9 FI PVCRE Hole

i

3 F1.0£405
M CALCLLATED PYCR -
2.5} O EXPERBMENTAL P:ck/_
E 2 — 106104 O
B 28 -
2 -/”//. E [
/
E 1.5 '/g [] Q g
" E1.0E103 51
H : g
0.5
[} v v v - 1.0E4102
10 20 30 40 50 60
BARNER WIDTII (A}

Fig. 4. Measured and calculated peak to valley current
ratio in the double barrier resonant tunneling
structure as a function of barrier thickness.

2L Ajo] £ Aol wz} Fowler-Nordheim 53},
evanscent state® £ 53 So| Ao % val-
ley current®] ZtA &3} ¥} FHED HFe) i)
t}E Ao 2% non-resonant tunneling®] Z7}oi
o}2} valley current F7p7} $-A1517] o Folel A

ek

4. 8 £

GaAs/AlAs |53 T+xF MBEYoE 433
deon, A3 Fz2 Az FY5Y tojess
AR HAAE 54 Bon, PVCRS A4
Fre] Wtel uig} ZA WA gk, ol Ay e
FA Fob wE FHFEH HFO Fae) vie]
non-resonant tunnelingel ¢J¥F AF-<l valley current
AR 277 $AEE el AjxE dejexs
% 3o PVCRE 376019l 1 w9 peak AF
DeE 1L1X10° A/em?s )

1. R. Tsu and L. Esaki, Appl. Phys. Lett, 22, 562
(1973).

2. T.C.L.G. Sollner, W.D. Goodhue, P.E.Tannenwald,
C.D.Parker and D.D. Peak, Appl. Phys. Lett, 43,
588 (1983).

3. E. Wolak, B.G. Park, K.L. Lear and ].S. Harris, Jr.,
Appl. Phys. Lett, 55, 1871 (1989).

4. F. Chevoir and B. Vinter, Appl. Phys. Leit., 55, 1859

Journal of the Korean Vacuum Society Vol, 1, No. 1, 1992



138 et - dud - F
(1989).
5. HM. Yoo, SM. Goodnick and J.R. Authur, Appl.

10.

11

Phys. Lett, 56, 84 (1990).

. P. Cheng and ].S. Harris, Jr., Appl. Phys. Leit, 56,

1676 (1989).

. MAA. Reed, JW. Lee and H.L. Tsai, Appl. Phys.

Lett, 49, 158 (1986).

. M.J. Paulus, C.A. Bozada, C.I. Huang, S.C. Dudley,

K.R. Evans, C.E. Stutz, R.L. Jones and M.E. Che-
ney, Appl. Phys. Lett, 53, 207 (1988).

. L.F. Luo, R. Beresford and W.I. Wang, Appl. Phys.

Lett, 53, 2320 (1988).

ET. Yu and T.C. McGill, Appl. Phys. Lett, 53, 60
(1988).

M.O. Vassell, J. Lee and H.F. Lockwood, J. Appl.

TFRAFE3IA, A 18 A 1%, 1992

o .
-

12.

13.

14.

15.

16.

17.

18.

=]

05 FAE

Phys., 54, 5206 (1983).

B. Ricco and M.Ya. Azbel, Phys. Rev, B29, 1970
(1984).

M. Tsuchiya and H. Sakaki, Appl. Phys. Lett, 50,
1503 (1987).

H. Sakaki, T. Matsusue and M. Tsuchiya, [EEE
J. Quantum Electron.,, QE-25, 2498 (1989).

G. Burns, Solid State Physics (Academi Press, Or-
land, 195) p. 706.

L.F. Luo, R. Beresford, W.I. Wang and E.E. Men-
dez, Appl. Phys. Lett, 54, 2133 (1989).

M. Tsuchiya, Ph. D. Thesis, Tokyo University (19
87).

P. Cheng and ]J.S. Harris, Jr., Appl. Phys. Lett, 55,
572 (1989).



