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Abstract

GaAs/AlGaAs resonant tunneling structures have been grown by atmospheric pressure MOCVD,
Resonant tunneling diodes fabricated with the structure grown at 650C showed a high peak-to-val-
ley(P/V) current ratio of 2.35 at room temperature, P/V current ratio increased to 15.3 at 77K. Nu-
merically calculated peak current agrees well with the experimental result., Resonant tunneling
diodes with AlGaAs as a barrier and InGaAs as a quantum well and a spacer layer yielded a high
P/V current ratio of 4.0 and a peak current density of 8,6KA/cel at room temperature because of
increased carrier supply.
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Fig 1. The schematic diagram of double barrier and
quantum well
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Table 1. The DBQW structure of RTD grown by MOCVD

GaAs/AlGaAs GaAs/AlGaAs/InGaAs
RTD RTD
23 MO28 MO29 MO107 MO108 MO111

B4 | AlLGai-xAs | 50A x=0.43 | 50A x=0.43 [ 25A x =043 | 254 x=0.43 | 25A x=0.3
%298 | InyGay-yAs | 50A y=0 | 50A y=0 | 50A y=01 | 40A y=01 | 40A y=01
spacer] | In/Gaj-yAs | 300A y=0 | 300A y=0 | 50 y=0.1 |100A y=0.1| 50A y=0.1
spacer2 | InyGaj—yAs | 300A y=0 | 300A y=0 | 100A y=0 | 100A y=0 | 504 y=0.1
MOCVD 4%3&%(t) 650 700 650 650 650
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Fig 2. Current-Voltage characteristics of the fabricated
GaAs/AlGaAs RTD at 300K
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Table 2. The summary of current-voltage measurements for the fabricated
GaAs/AlGaAs RTD

e = nlojo] & oAnk&F upojo] 2
25 | peak M3t | peak 5 | P/VA H 81| peak 713} | peak W | P/VAF o)
(V) (KA/en) (V) (KA/enl)
MO28 | 300K 0.43 0.51 2.4 0.53 0.63 2.30
77K 0.48 0.82 15.5 0.58 0.96 15,13
MO29 | 300K 0.38 0.13 1.67 0.49 0.16 1.66
77K 0.41 0.20 10.68 0.58 0.25 13.75

H 3. 439 GaAs/AlGaAs/InGaAs RTD2| 1.V 54
Table 3. The summary of current-voltage measurements for GaAs/AlGaAs/InGaAs

RTD
N S vholol 2 ofurgy nolof 2
;‘;- peakd3t| peak A F | P/VHF1]| peak ¥ § | peak ¥ F | P/VHFH)
(V) (KA/cni) (V) (KA/cm)

MO107 | 300K 0.48 3.6 1.43 (.42 2.3 2.32

77K 0.6 3.3 3.9 0.51 2.4 5.6

MO108 | 300k 0.84 17.3 1.69 0.66 8.6 4.0

77K 0.92 18.0 4.0 0.51 8.9 5.6

MOI111 | 300K - - - 0.94 49 1.8

77K - - - 1.1 33 2.2
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Fig 5. The theoretical current-voltage characteristics
of RTD structure calculated from conduction
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CURRENT
<
(@]
o
1
L

o
<
i
N
o d

0 0.2 0.4 06 0.3 t
BIAS (V)
8l 6. 300Kl A accurnulation % ¥ &} bound state& 3
28t A4 GaAs/AlGaAs RTD 29 ©|&
A} Ag At 5A
Fig 6. The theoretical current-voltage characteristics
of RTD structure calculated from bound state of
the accumulation region at 300K

www.dbpia.co.kr



B3 /3 5% 72 MOCVD 4% R B4 #@ A+

o B Apoae 4(1)d 2 vl o] accumu-
lation 99| ul= Aref subband ollvl A (Eno) 2%
H 53 AF 42 FE3dc) vet Al subband ol
WA &3 2HEH S A8t Schrodinger W44
€ PP n{HA BAZ s FapP iy,

B =RodME ol&Hd AFAY EAE GaAs/
AlGaAs RTD7#xol tisi Mgt A4tatdel, 19 5+
accumulationg 9 o] Lt el E v3tA) g AE
o] edged| A5 Hxztel YAprl dojdoin Az
sted AAbs Hajo]lx, 1@ 62 accumulation &
o] ut=bde] subband AURZHE 3 HAFHE
HES Bolth, 19 62 SubdeivE s A gk
7} W&ol YA = #Mxte] o] FrtEm A
2.2 peak A E 9} valleyd &7 24 o= RNe
7 k. RTD A=be] WAL 45 X 45 um?E 8l
300°Ke} 53 2x oA AlsstR 1, GaAs-AlGaAs
o]F H@golMe Axd oz BEQAHE A=Al 7Y
ztol o] 60%=2 71T 1" 62 A4rs ol
peak {2 10mAE 19 29 MO28 23 A xhs}
A A3}, valleyd F AL o]F+ vEgA
T3 5o o] AF HEIVEC] o] AHolM 2
HE A gotouz ALE valleydF& 4 Ao
vl & o) & =drt,

IV. GaAs/AIGaAs/InGaAs RTD2| I-V &4

Al MO107% A1 8 MO108, Al & MO111€ 300K
9} 77Kl 4| HP4145 Parameter Analyzer& A}-23}
of 2394 A3y 29 7, 19 8, 1Y 97 ¥ 390 3l
=3

300K 23 A 28 7914 4udk AgtelM &
¥ AF £ IngiGagsAs spacerZo A A=b7t A}
Ho] vehd Roli &ubdk AdeM 23 AR/
GaAs spacerZolA A z7F PAEH o] Yehd Rol
o},

GaAs spacerZol A QJALE 7 $ole 353 spa-
cer® FAZAE M-(1)9 GaAs/AlGaAs RTD +
Zoll A &3 AAH} peakWF 9} valleyd F =
=7 2718 AL ¢ A zelm MO1073
MO108g vl w3l MO1082] A7t P/VHEHH &
FAMNF|AA peak AFE F7HNAES Y + Ut
ol A& YaH$-E 9] Y& 50Ac] A 40A02 Z2%7)
2o g gzteg,

Ing1GagsAsF A LAAE = 3-8 2 MO108

i

\ ;
i

-50 .00l _ i

-1.000 5] 1.00¢
Vi1 .2000/div v

3 7. A& MO1073 Al & MO1082] 300Kl 4 2] H#-
A B4
Fig 7. Current-voltage characteristics of sample MO107
and MO108 at 300K

1
2C .22 i i
Lo . A ;
p— = n
Ay
: G108 4
: i i ¢ /1 /('
= 5 —
Feve 4 1L o
. B + v/
o A e
r I i
o d MOL07T
T~/ i ! i
7 N/
3 i |
i
-30.00 | l ! |
-1 .600 o} 1.600
va .3200/div (V)

8 8 A8 MO1073 A& MO1082] 77Kl A 2] AF-A
3t B4
Fig 8. Current-voltage characteristics of sample MO107
and MO108 at 77K

o] MOL07H.t} P/VAFH|E =1 peakdF = A
uee & & g MO1082 Ing1GaggAs spacer
28 MOL1075.t} 50A © Z7}A17] 2 well& 40A 2
2 22 ZAoZ peak AF7} 8.6KA/clZ ZF7}5HA
A P/VAFY £7 4002 % ghol Uit}
RTD®] A& L DBQW 7o dAyste Hajel
<pol] w3 8}, A=xte] ¥ accumulation G il A
A¥® P =(subband) o X9 Fermioii A2l =z}
1041

www.dbpia.co.kr



HRE 58 RIw i 937 Vol.18 No.7

oo olaf AAE L InGaAs spacerz=S AF&shi
accumulation g 9ol &A% Fab-= o] tulioly
2|7} ol A xln wakA DBQWFFol YAbsh:
H el ofo] F7pahcHol MOL108e] MO107el val
aF peak F f 3to] F AL Fapy %’01 L&
%<2 D& InGaAs spacer?| £& % R
spacer®] i ot} %) 7} MO107RCE wrol =) 4 ]
i Fermiol v X2} s rzoflu] =) o] zpol 7k # % Al Sl
AbEl = A Aol ofo] F7hst o dko] ghA LhER A O
2 Agztet

MO108e] MO107H v} peak o] A vrEREA
o oz} 9-E-o] Uulv} 7haah f-dfe]l argollu]x
7t & A7) Wik o® *@ 7rEI)

77Kol A A s A3vl 21 89 Sluk MO1073%
MO108 2% peak AH+ 2ol 243 ghuf v
Z2eb g 2714 AA Ug, valley W5 ke F17)

ZFastm A P/VAFY 7 27134 & oF = Qlu)

{ma)
S i ]
.00 i i -
1 7
19.0
/div A 1
J‘/
° T=77K
e
L—T1 B J/
Js T= 200K
e
-95.Q00
-1.175 Q . 8400
Vi .2350/div (V)

8 9. AJ8E MO1119] 300K ¢} 77Kl Al o] &4t &4
Fig 9. Current-voltage characteristics of smaple MO111
at 300K and 77K

23 9= MOI111S 43 24324 peak A FH =
Aol 49KA/aiz A F71std o, P/VAR
W ghe 182 MOL0SHTH 42 78 AT o AL
olZaw ol AlkS Zoga Aol wo|r} o}
A7) W2 peakdF o} valleyH {F7F w5 F7}3
Ao A7k

29 102 ¥ A-7olA th7]ek MOCVDR 4338
o AL RTDES| peak AFUES} P/VHAFH 2 &
AL vhebd zlolch & Aol MOCVDRE 4 8¢

1042

rl

RTD 4458 718 e MBER 4%% RTD

1 o el 20304 3 =
- o ZA Hupl 2 gl s} 710 9 s B A
o
= L}‘—'}Lﬂ‘ﬁ‘%
I e S —
- : J
- B ]
Zo 107y
7 g . :
s 7
C ]
B . . i
= - A !
3 s
DR EVN :
= z N 3
=R ° N
2 1 2 g 1 3
Peaiw-to Valley ratio
MOZ8
MQ108 forward O
MG29 ]
reverse n
MC10T forward N
reverse A MO L4

2l 10. Peak # it 5ol P/VAFule] abA
Fig 10. The relation between the peak current density
and the P/V current ratio

v.gd B

719t MOCVDe ¢]3dte] GaAs/AlGaAs DBH
RTD %% GaAs/AlGaAs/InGaAs DBH RTD
28 Hegros Adsted 1 BEA4S dEd
650 CoN A A A GaAs/AlGaAs RTD7*2e 48
ol A 2.35, 77Kl A 15.39] & P/V dFH & e
Wdch =3 Fr-E 1} spacerol Ing GaggAsE A}
&3la] AlgnGagsrAs9t o] e FHoME 42
ol A MFUE 8.6KA/el, P/V AFW 4,09 & 3
& 9ot 18] 2 GaAs/AlGaAs RTD9] A F-Hgt
E A8 coherent Syt 1@} dle] o]EH o2 AL
sdon, AE peak A F e A Aot F A3
3t o}

M

22 8

1. M. Tsuchiya, H. Sakaki, and J. Yoshino,
“Room temperature observation of differential

www.dbpia.co.kr



®x /3% 53 7229 MOCVD 4% % 5o a5 A+

negative resistance in an AlAs/GaAs resonant

tunneling diode,” Jap. J. Appl. Phys. vol. 24,

pp.1.466, 1985.

. J. Soderstrom and T. G. Anderson, “GaAs/
AlGaAs resonant tunneling diodes : The depen-
dence of the peak-to-valley current ratio on
barrier thickness and height,” Superlattices
and Microstructures vol.5, pp.109, 1989.

. P. Guret, C. Rossel, E, Marclay, and H. Meier,
“Investigation on resonant tunneling in 111.V
heterostructures,” J.Appl.Phys. vol.66, pp.278,
1989.

. C. 1. Huang et al., “AlGaAs/GaAs double bar-
rier diodes with high peak-to-valley current
ratio,” Appl. Phys.Lett, vol.51, pp.121, 1987.

. R. D. Schnell, H. Tews, R. Neumann, “Room
temperature operation of AlGaAs/GaAs res-

M B #(Jeong-Ho Lyu) A3

1990 29 : M &gt Hz2pEd
o ZA(EFEAD

1992 29 &gty eyl A
243 aha 29 (F Y
~H)

1993 39~ 3 M-gidtn o
at9l A 2} g &} wpA}
¥ A gk

%A Bok dhe A sub 1/4m 27 7F2Y

onant tunneling structures grown by MOVPE,”
Electronics.Lett. vol.25, pp.830, 1989,

6. C. R. Wie and Y. W. Choi, “Designing resonant

tunneling structures for increased peak current
density,” Appl. Phys. Lett. vol.58, " pp.1077.
1991.

7. Y. Ando and T, Itoh, “Calculation of trans-

mission tunneling current across arbitrary po-
tential barriers,” J. Appl. Phys. vol.61, pp.
1497, 1987.

. A. K. Ghatak, K. Thyagarajan and M. R.
Shenoy, “A Novel Numerical Technique for
Solving the One-Dimensional Schroedinger Equa-
tion Using Madtrix Approach-Application to
Quantum Well Structures,” 1EEE J. Quantum
Electronics, vol.24, pp.1524, 1988.

# % #B(Kwang Seok Seo) 3¢

19763 : A g &b A by ekt
(&8tAh)

1978\ : = ustv)led H7l 2
A AP s (FE A A

197833 ~ 1982\ : gk M 271 &
T AT

19873 : Univ. of Michigan A 7]
&8 (F shuk AL

19873 ~1989d : IBM 74 ¢

19893~ A - st Bapgehat 2w

FWAR: M-V REA A 2 &7 1% opd=R/

o2 ICe A3 2 A 5

1043

www.dbpia.co.kr



