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Abstract

The theoretical analysis for AllnAs/GalnAs resonant tunneling diodes (RTDs), which have
shown the improved negative differential resistance (NDR) characteristics, has scarcely been
made in comparison with AlGaAs/GaAs RTDs. In this paper, the static current-voltage
relation of Aloaslnos2As/GaoarlnessAs  RTDs  were numerically estimated by using a
self-consistent method. Assuming a simplified RTD with single quantum well structure and
spacer layers, the peak current density (Jp) and the peak-to-valley current ratio (PVCR) were
analyzed as the function of the thickness of the well, the barrier and the spacer layer. and
temperature. As the result, the peak current density and the peak-to-valley current ratio
indicated a reciprocal relation roughly in respect to the thicknesses of the well and the
barrier, and it was theoretically predicted that it be not attainable to provide a high peak
current density (Jp) over 1x10° A/cm® as well as the large peak-to-valley current ratio
(PVCR) over 10 that were the critical conditions for the practical use. )
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Fig. 2. Typical curves of transmission and
tunneling current-voltage in resonant
tunneling diodes.

28 1E+06
BANER THICKNESS = 41 &
a0l Te77K
o
ieos &
. ;‘IE‘H)S 5

o 1.5 E1E+04 g

5 VALLEY CURRENT DENSLTY E 5

6‘ PEAR VOLTAS a

> -

w
] \\\ L1E+0s &
\\1 E 3]
VALLEY VOLTAGE
0.5 v
45 60 75 90‘5*02

a8 3. AHEAC 41 AL, Jp, Jv, Ve & Vy
BIEES BES

Fig. 3. Dependence of well width on Je, Jv,
Vp and Vv at barrier thickness 41A.

SE o) FMUSE W= AF UR(/,)7h a3}
£ oolfe ot $EWE B X B e Q)

tol 3 F58-& Hol= oux] dizt F4%7] Wi

AllnAs/GalnAsA ZHHYEHY tolere

BAANG B4 B A A & i
ojey, zula Wy AR(J)= TEF Fo] FrIHFE
AR T Fhe) W] £HE2] 32 3}
o] W& 7k et o]zl 13i4¢) 3ho] H=3 o
W] AFH(PVCR)E FHAFIAT 93 AfF Hx
E UAA( 10°A/em?) o|3tE Hojrelr), T2ix M=
A vp) 3 e A V) E dolle e 2 &
o] F7VE oAt EHe T oA F97t A
3tal7] wj#olr).

1E+067
: BARNEN THICKNEDS = 41 A
~ 1 a0l T=77K
¢ Q
13 4 r20 =
g -
— ° [ =4
z
v}
L ©
g z
[} PRAR CURRENY OEWGLTY
2 o
o 1E+05? %
] B
g 3
-4 4 9
2
[+ 4 1%
H o r B
4 TEAK YO VALLEY CORSMNT BATT® a
a.
1E+04 - v 0
€ 45 60 75 90

WELL WIDTH [A]

a8 4. AEEAZ 4149 9, Jps} PVCRY %%
Z o)y

Fig. 4. Dependence of well width on Jp and
PVCR at barrier thickness 41A.

25§ F1E+06
Es0s &
E1E+
E
E §
— <
b~ <
§ 1.54 1E+04 %
5 a8
: ;
L1E+03 &
E =1
E o
05 - 1E+02
10 70

30 ’ 50
THICKNESS OF BARRIER (A}

a2l 5, $E8Fo] 65.5 Add, Jp, Jv, Ve & Vy
9} AhETA &N

Fig. 5. Dependence of barrier thickness on Jp,
Jv, Vp and Vv at well width 65.5A.

A ) ke Bde B89 499 A
sleh. A FAP} Z71AE FRET)E 348 3
adte] ajdselaiE] 2% 77 KollA] -8 & 655

(922)



19954 70 BTLEEH G
Al2 1AF Algeld FAE 235 Aclx 585 A
74x] B ZL o, ¥z AF dEe 324 sl
o} e AR dEE A T wisll o Fog
o] wsle J= AR Hwe 2 okt vi A
o7} elglem, = Agky} we] Hskw ghkslA 2t
&sode}. o)A 2’6ol vehd ZAY Ay AL
41404 o 9= o de) AFe]E 8ok

1E+07 10

1 ®was A T=77K

[Aem~2)
i
i
E]

1E+084
1E+053

PRAK TO VALLEY CUNNNFY RATI®

PEAK TO VALLEY CURRENT RATIO

1E+04§

PEAK CURRENT DENSITY
*»

4

1E+03: 4
10 30 50
THICKNESS OF BARRIER ([A|

38 6. $EFe] 65.5A4 o, Jpt PVCRY A
A 94

Fig. 6. Dependence of barrier thickness on
Jr and PVCR at well width 65.5A.
25 :|E+06
- E1E+05 ;
- 2
s : <
s - - ;m,,,:_:, §1E+04§
5 F &
> A 3
F1E+03 g
o= E 3
nus_!me__.-é—-———e—'——‘a L
0.5 - 1E+02
P-4} 40 a0 a0

THICKNESS OF SPACER LAYER (1)

a2 7. AR 41-65.5-41AA Jp, Jv, Vet Vy
o I 2so|lE: FA &AM

Fig. 7. Dependence of spaccer layer thick-
ness on Jp, Jy, Vp and Vy at sample
41-65.5-41A.

2lo) F& E=gEA] 92 A $E TR} 2
Fe =E 2m ZeF Aol BeEe e %
71915 Hwe| E5k] oL Folrt o]2id = EA]

£ 32% AR B TH 55

WS AdolA 32 ded] Feld masd F A
AellA A3 FEEe] FL WA, AV 51
g5 vz AR E=E AR ey
41-65.5-41 A9 & ofAt $E 729 ARl &
Hoi) Fo] FAE 30014 70 AZFA] WEAIHE o,
Mol 2Rld Bxo] AdA vlL wie By
FAkst Adefel] A= AR ¥AxF SAed 7]
Az A ke A& a9TH 8ol4 & 5 ok
a2 A= Ajkst de] Adge] bl Folshe
olfe asold Fo AL MRS A vt
Hgella] 2sllo)x] o] Mgk At AX A
22wl o $ETEe ZhiAE Aste] Aol
o] ct.

4E+05 10

SAMPLE: 4108541 A
Ter? K F

-

AR TO VALLEY CURRENT RAYIN

Y
"

26+05

PEAK TO VALLEY CURRENT RATIO

PEAK CURRENT OENSITY [A/cm”~2}

0E+00 . .
40 60
THICKNESS OF SPACER LAYER (4]
12 8. A& 41-65.5-41A¢4 Jp ¢ PVCRE 2

#Holx S FA 2EA
Fig. 8. Dependence of spacer layer thickness on
Jp and PVCR at sample 41-65.5-41A.

Loz 2k g&AS Wy 27} ERE ¥a
o] We] Hiv)e aslgin) oL 2t Sl
2 F238 F49] 7|7 SR W] F380)
A3 SR dield, 1 Ax a¥9elxM H
2 AF " L% #Aglel Ao dAsiele:
We] AF Ao} ©x Fvisld oz of we] A
= 23109 o) FHA3gict,

olAre] Z¥z HE A WA Ak 77 K
o4 FHAe] BA A3 BEAL ofx} 9E Fo] 655
A, A AL 41A, 2solMFe] FAIZE 50A €A
A= glon o] o F= AF/} 1.1x10°[A/em®] ,
Wz o we] AFer} 8 AEglch AP '® e} i
o]z} glont T {19l oA} B FEHoA Hr)

(923)



56 AllnAs/GalnAsA

v e EHZe] E5E R zeld] rllgh zle.
2 AgEE B =i on] FY e Bah

FEE YA n=1.0x10%[{em 7] 22 ARSI
o},
25 1E+06
SPaso R
- 1€+05 &'
PRAL CURREWT DEWSITY E
]
- <
> —
k_‘__—_-_‘/’nm’:’:-:n—m I E
W 1,54 LIE+04 §
g 3 &
- r a
g L3
PRAR VOLTASE E‘E"’m g
E Q
- .
VALLAY VOLTAGE
0.5 - - 1E+02
50 150 250 350

TEMPERATURE [K]

08 9. AR 41-65.5-41AAH Jp, Jyv, Ve} Vy
CEXICEY

Fig. 9. Dependence of spaccer layer thickness

on Jp. Jv. Vp and Vy at sample
41-65.5-41A.
26+05 10
~ [e]
< =
E PEAS TO VALLEY CURREWYT RATIO é
o
§ \\\ —
— 3 =z
uw
-
@ g
g 1E+05 AL CORMINT DERITE \ s 2
5 &
é 2
>
: ;
3 . T2
a. m“‘““‘ A L
0E+005 150 ) 250 N 30

TEMPERATURE [K]

22 10. A& 41-65.5-41A944 Jp & PVCRY
2= &M

Fig. 10. Temperature dependence of Jp
PVCR at sample 41-65.5-41A.

and

V. & B

AaslE st F9 gy rlo|2=(resonant
tunneling diode:RTD)2] ¥4 A& 5A1-& Aoix 10
ojate] w= o) wiz] AFN(PVCRI®F 1x10°A/cm® ©]
A9 vz "W WE(7)7F 875 o] =oAL

FHEEY dolerne FAAY 44 A A 4

F IR

AlGal ,As/GaAs Al2) ¥4 e]dE cle]lexe H]3)
Srgh RAIAE BAE Zx|nt 0|2 sjaje] A9l
Y] R] 938 Al ingAs/Gay plny pAs TR ¥
W Edy telexe] A A3 B st
self-consistent'S o]-&sle] 43 s or 7}
sloir}. adlold & 7 9l oA $F FE2E2
v de cieleng s ol $-EF A
A, Aello)d Fof A 9l ol the) A B
el wWas wasiadct 1 Az Aol AlwE o)
$5 E3 Ay FAe] Wil djs) H=z of W] A
Falo} ¥z AF HEs ME vl JAE Bole
], Aso)a] Zeo] FA wtel] gt A= AL
2 ofglor 2xyl ZRIE da Ay dzs W
e 7o) gglent wie] ARFe] IR A of e
Afa) F438) dasidct, aejy AgdoR AL
35 9)gk oAl 10 olAke] PVCRSE 1x10°A/cm®
ol J,& FAlol EAEolli olFrh: AMEE o]

2Fo2 o33t

o

{

A 532

o

[1] R. Tsu and L. Esaki, "Tunneling in a
finite superlattice”, Appl. Phys. Lett.,

vol. 22, pp. 562-564 (1973).

[2] 1. Esaki and L. L. Chang, “New
transport phenomenon in a semi-
conductor Superlattice” ”, Phys. Rev.
Lett.. vol. 33, pp. 495-498 (1974).

[3] W. C. B. Peatman, et al., “Novel

resonant tunneling transistor with high
transconductance at room temperature”,
IEEE-ED Lett., vol. 15, pp. 236-238
{1994).
[4] M. Tsuchiya, H. Sakaki, and J.
Yoshino, “Room temperature observation
of differential negative resistance in an
AlAs/GaAs/AlAs  resonant  tunneling
diodes”, Jpn J. Appl. Phys., vol. 24, pp.
1.466-1.488 (1985).
M. Tsuchiva and H. Sakaki, “Depend-
ence of resonant tunneling current on
fractions in  AlGal ,As/GaAs

(5]

Al mole

/GaAs/AliGai<As double barrier stru-

ctures”, Appl. Phys. Lett., wvol. 50, pp.



(6]

(7]

[8]

(9]

1995% 7H EFI%EmXE ¥ 32 % AHB B 1% 57

1503-1505 (1987).

T. Inata, et al., "Excellent negative
differential resistance of InAlAs/InGaAs
resonant tunneling barrier structures
grown by MBE’, Jpn J. Appl. Phys..
vol. 25, pp. L983-1985 (1986).

Y. Sugiyama. et al., "Current-voltage
characteristics of InggGagpAs/Ing pAlg gAs

resonant tunneling barrier structures
grown by molecular beam epitaxy’,
Appl. Phys. Lett., vol. 52, pp. 314-316
(1988).

I. Mehdi. J. R. East, and G. 1. Haddad,
"Characterization of resonant tunneling
diodes for microwave and millimeter-
wave detection”, IEEE Trans. Microwave
Theory Tech., vol. 39, pp. 1786-1880
(1991).

quantum well resonant interband tun-
neling diode with peak-to-valley current
ratio of 144 at room temperature”,
[EEE-ED Lett., wvol.15, pp. 357-359
(1994).

[10] R. K. Mains, J. P. Sun, and G. I.
Haddad, “Observation of intrinsic
bistability in resonant tunneling diode
modeling”, Appl. Phys. Lett., vol. 55,
pp. 371-373 (1989).

(117 23R8 273, "2sfolra FA o2 &
1 ejdd o] erold] AF-2s AL =P
Frsdd ot sA7, HAFEE] =EA], A
31-A¥ 3%, pp. 46 - 51 (1994)

[12] D. Mukherji and B.R. Nag, “Band
structure  of  semiconductor super-
lattices”, Phys. Rev. B, vol.12, pp
4338-4345 (1975).

H. H. Tsai,

et al., "P-N double

X XA 7Y
£ B IRGE€R)

1961 19 16448, 19834 2
4 awed AZFE E4.
198591 29 & ofghl &4
AP. 1988 - 90x1 Michigan
I = L S - i
1993 89 aEiciEta oiEhd
A7)t 241(30. 1993 - 949 ] HoE
&3} 7RAb 94 RE g AREEE A7
FHA Fol ofAt Arp wE.

(925)



