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Abstract : AlAs/ GaAs/ In0. 1 Ga0. 9 As/ GaAs/ AlAs double2barrier resonant tunneling diodes (DBRTDs) grown on a

semi2insulated GaAs subst rate with molecular beam epitaxy is demonst rated. By sandwiching the In0. 1 Ga0. 9 As layer

between GaAs layers ,potential wells beside the two sides of barrier are deepened , resulting in an increase of the

peak2to2valley current ratio ( PVCR) and a peak current density. A special shape of collector is designed in order to

reduce contact resistance and non2uniformity of the current ;as a result the total current density in the device is in2
creased. The use of thin barriers is also helpful for the improvement of the PVCR and the peak current density in

DBRTDs. The devices exhibit a maximum PVCR of 13198 and a peak current density of 89kA/ cm2 at room tempera2
ture.
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1　Introduction

Double barrier resonant t unneling diodes

(DBR TDs) have received great at tentions for t heir

potential applications in f requency multiplication ,

microwave o scillation ,analog2to2digital conversion ,

and static random access memory[ 1～4 ] because of

t heir negative differential resistance ( NDR) per2
formance. To incorporate t he DBR TD in the practi2
cal circuit , a high peak2to2valley current ratio

( PVCR) larger t han 5 and a high peak current den2
sity near to 105 A/ cm2 are required.

Since Tsu and Esaki [ 5 ] , and Chang et al . [ 6 ]

first p roposed and demonst rated NDR t hrough

DBR TDs ,many effort s have been made to improve

t he performances of DBR TDs. Soderst rom et al . [ 7 ]

fabricated InAs/ AlSb DBR TD on a semi2insulated

(SI) GaAs subst rate wit h a PVCR of 11 and a peak

current density of 413kA/ cm2 at room tempera2

t ure. A p seudomorp hic In0. 53 Ga0. 47 As/ AlAs/ InAs

DBR TD on SI InP subst rate with a PVCR of 50

and a peak current density of 518kA/ cm2 at room

temperat ure has also been reported[ 8 ] .

The option and preparation of different mate2
rials and st ruct ures are crucial to t he performance

of DBR TDs. Low elect ron effective mass in materi2
al and high conduction2band off set (ΔEC ) between

barrier and well can improve t he PVCR in

DBR TDs resulting f rom reduction of t he valley

current . Due to lower elect ron effective mass ,p rop2
erties of InP2subst rate R TDs are generally better

t han t hose of GaAs2subst rate ones ,and some novel

materials of barrier and well have also been adopt2
ed[9 ] so as to obtain t he same aims. However ,con2
sequent difficulty in MB E growt h of new materi2
als ,and high f ragility of InP resulting in rigorous

p rocess ,baffle t hem into real application.

In this paper ,in order to deepen the wells be2
side the two sides of t he barrier , sub2well lays are
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used t hrough t he int roduction of an In0. 1 Ga0. 9 As

layer between GaAs layers. Due to t he reduction of

t he non2t unneling current , a high PVCR is ob2
tained. Thin barriers and a special shape of collec2
tor are used for enlargement of t he peak current

density and t he total current density ,respectively.

Device performance wit h a maximum PVCR of

13198 and a peak current density of 89kA/ cm2 are

demonst rated at room temperature successf ully.

2　Material structure and device fabri2
cation

　　 The AlAs/ GaAs/ In0. 1 Ga0. 9 As/ GaAs/ AlAs

DBR TDs are grown on SI GaAs (100) subst rate by

using J EN2Ⅱ molecular beam epitaxy ( MB E) e2
quip ment . The growt h sequence begins with four

step2graded n + 2GaAs buffer layers ,followed by an

undoped GaAs spacer layer , an undoped In0. 12
Ga0. 9 As st rained layer ,and an undoped GaAs spac2
er layer . The well2barrier st ruct ure consist s of an

In0. 1 Ga0. 9 As sub2well layer ,two GaAs well layers ,

and two AlAs barrier layers. Then t here are sym2
met rical st ruct ures that are composed of a same

spacer layer , a st rained layer , a spacer layer , and

buffer layers in t urn. Table 1 shows t he st ruct ure

and doping profiles of the DBR TD.

Table 1　Schematic MBE structure of the DBRTD

500nm GaAs 3×1018cm - 3

5nm GaAs 1×1018cm - 3

5nm GaAs 5×1017cm - 3

5nm GaAs 1×1017cm - 3

5nm GaAs

5nm In0. 1 Ga0. 9 As

0. 5nm GaAs
4nm In0. 1 Ga0. 9 As

0. 5nm GaAs
117nm AlAs
015nm GaAs

117nm AlAs
015nm GaAs

5nm In0. 1 Ga0. 9 As

5nm GaAs
5nm GaAs 1×1017cm - 3

5nm GaAs 5×1017cm - 3

5nm GaAs 1×1018cm - 3

1000nm GaAs 3×1018cm - 3

(100) SI2GaAs subst rate

Isolated mesa st ruct ures are formed by contact

p hotolit hograp hy ( Suss Microtec) and non2selec2
tive wet etching techniques ( cit ric acid solution :

hydrogen peroxide = 10 ∶1 ) . Resist is used for

mask in etching. Au GeNiAgAu and TiAu metaliza2
tion (DMDE450 film evaporation station) are made

for t he ohmic contact s and connect line ,respective2
ly , by metal lif t2off . SiO2 and Si3 N4 are deposited

t hrough Next ral PECVD to form insulated layers

and t hen are removed partly by wet etching (N H4 F

∶ice acetic acid = 1 ∶1) and RIE dry etching re2
spectively to open windows for connect lines. Fig2
ure 1 shows t he schematic mesa st ruct ure of t he

DBR TD wit hout the SiO2 / Si3 N4 layer in order to

view easily.

Fig. 1　Schematic mesa st ructure of the DBRTD

3 　Device measurements and discus2
sion of results

　　The current2voltage ( I2V ) characteristics of

the diodes are measured at room temperature by a

semi2conductor parameter analyzer . Figure 2 shows

t he I2V characteristic of t he DBR TD wit h a 4μm×

4μm emit ter at room temperat ure. The I2V charac2
teristic of the DBR TD is measured wit h a negative

bias ,which refers to an elect ron injection f rom t he

bottom contact ,i . e. bot tom buffer . For t he negative

bias the PVCR is 13198 and t he peak current densi2
ty is 89kA/ cm2 . The performances of t he DBR TDs

are much bet ter t han t hose of Wang et al . [10 ] ,wit h

roughly identical materials st ruct ure , as well as
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ot her reported DBR TDs with GaAs subst rate so

far .

Fig. 2　I2V curve of RTD with a 4μm×4μm emitter　

PVCR = 13198 with Ip = - 01014309A ,V p = - 1168V ,

Iv = - 010010236A ,V v = - 11707V

The great improvement of performance can be

at t ributed to t he use of In0. 1 Ga0. 9 As layers ,bet ter

quality material ,and fabrication flows. As shown in

Fig. 3 , t he conduction band energy level of In0. 12
Ga0. 9 As is lower t han t hat of GaAs ,so when In0. 12
Ga0. 9 As layer is int roduced between GaAs layers ,

t he potential well of GaAs layer is deepened ,resul2
ting in an increase of relative height of AlAs barri2
ers. It is helpf ul to enlarge bot h t he PVCR and the

peak current density ,and at t he same time non2t un2
neling current component s are depressed efficient2
ly. The roles of In0. 1 Ga0. 9 As layers can be similar

to sub2well [ 11 ] when In0. 1 Ga0. 9 As layers lie in GaAs

space layers and GaAs well respectively. The thick2
nesses of t he AlAs barrier layers are as t hin as

117nm and are also helpf ul to increase t he PVCR

and t he peak current density , since t he t hinner the

barriers are , t he higher t he peak current densities

are , and the PVCRs of devices are t hen en2
larged[ 12 ] .

Fig. 3 　Schematic conduction band diagram with z di2
rection that parallels the current one in DBRTD

As shown in Fig. 4 ,t he emit ter of t he R TD is

surrounded by it s collector . This unique layout is

used for t he reduction of contact resistance and

non2uniformity in t he emit ter current , resulting in

large current density in the DBR TDs.

Fig. 4　Top picture of RTD

4　Conclusion

Through int roducing t he In0. 1 Ga0. 9 As layer

between the GaAs layers in AlAs/ GaAs/ In0. 1 Ga0. 92
As/ GaAs/ AlAs DBR TDs wit h SI2GaAs subst rate ,

t he potential well of GaAs layer is deepened , and

t he height of barriers is f unctionally able to be en2
hanced ,resulting in t he realization of a high PVCR

and a peak current density. Thin barriers and a spe2
cial shape of collector are p resented and used for

increasing t he peak current density and t he total

current density respectively. The characteristic of

DBR TDs at room temperature in this work are

much bet ter than all other reported GaAs2subst rate

DBR TDs. From a practical point of view , this is

very encouraging.
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室温下高峰谷电流比、高峰电流密度的
双势垒共振隧穿二极管 3

易里成荣　谢常青　王从舜　刘　明　叶甜春

(中国科学院微电子研究所 微加工与纳米技术实验室 , 北京　100029)

摘要 : 在半绝缘 GaAs衬底上制作了 AlAs/ GaAs/ In0. 1 Ga0. 9 As/ GaAs/ AlAs双势垒共振隧穿二极管.在 GaAs层中

加入 In0. 1 Ga0. 9 As层用以降低势垒两边的势阱深度 ,从而提高了器件的峰谷电流比和峰电流密度.为了减小器件的

接触电阻和电流的非均匀性 ,使用了独特形状的集电极 ,总的电流密度也因此提高 .薄栅也有助于提高器件的

PVCR和峰电流密度.在室温下测得其峰谷电流比高达 13198 ,峰电流密度大于 89kA/ cm2 .

关键词 : 共振隧穿二极管 ; 峰谷电流比 ; 峰电流密度
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