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Abstract : Magnet ot ransp ort p rop erties of two2dimensional elect ron gases ( 2D EG) in Al x Ga1 - x N/ GaN hetero2
st ructures wit h diff e rent Al comp ositions are investigated by magnet ot ransp ort measurements at low temperatures

and in high magnetic f ields . It is f ound t hat hete rost ructures wit h a lower Al comp osition in t he bar rie r have lower

2D EG concent ration and higher 2D EG mobility.
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1 　Introduction

Al x Ga1 - x N/ GaN hete rost ruct ures have bee n

exte nsively st udie d because of t hei r app lications

f or high2p owe r , high2f reque ncy , a nd high2te mp e r2
at ure mic rowave devices [ 1～3 ] . The p e rf orma nce of

elect ronic devices base d on Al x Ga1 - x N/ GaN het2
e rost ruct ures dep e nds on t he t ra nsp ort p rop e rties

of t he tw o2di me nsional elect ron gas (2D EG) con2
f i ned i n t he t ria ngula r qua nt um well at t he

Al x Ga1 - x N/ GaN hete roi nte rf ace . D ue t o t he la rge

conduction ba nd of fset a nd t he la rge p ola rization2
i nduce d f ield i n Al x Ga1 - x N/ GaN hete rost ruc2
t ures , a 2D EG wit h la rge sheet ca r rie r conce nt ra2
t ion ca n be obtai ned . The conduction ba nd of fset

a nd t he p ola rization2i nduce d f ield a re i nf lue nced

by t he Al comp osition . I n t his p ap e r , t he t ra nsp ort

p rop e rties of 2D EGs i n Al x Ga1 - x N/ GaN hete ro2

st ruct ures wit h dif f e re nt Al comp ositions a re in2
vestigate d by magnet ot ra nsp ort measure me nts .

2 　Experiment

Tw o sa mples of modulation2dop e d Al x Ga1 - x2
N/ GaN hete rost ructures we re used i n t his st udy.

The sa mples were grow n by metalorga nic c he mi2
cal vap or dep osition ( MO CV D ) on t he ( 0001 )

surf ace of sapp hi re subst ra tes . A nucleation GaN

buff e r laye r was grow n at 488 ℃, f ollowed by a

21 0μm2t hick uni nte ntionally dop ed GaN ( i2GaN )

laye r dep osite d a t 1071 ℃. The n a Si2dop ed

Al x Ga1 - x N ( n2Al GaN ) laye r wit h a t hickness of

25 nm was grow n at 1080 ℃. Betwee n t he n2Al GaN

a nd i2GaN laye rs , a 5n m2t hic k uni nte ntionally

dop ed Al x Ga1 - x N/ GaN (i2Al GaN) sp ace r was in2
corp orate d t o re duce ionize d i mp urit y sca t te ring.

The Al comp osition of sa mples 1 a nd 2 a re x =
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01 15 a nd x = 01 22 . X2ray dif f raction measure2
me nts indicate t hat t he Al x Ga1 - x N/ GaN hete ro2
st ruct ures f a brica te d he re a re of high qualit y .

Magnet ot ra nsp ort measure me nts were p e r2
f ormed ove r t he magnetic2f ield ra nge of 0～10 T

at 11 5 K. The sa mp le was i n va n de r Pauw geome2
t ry . The Al/ Ti O h mic contacts we re p rep a re d by

e2bea m evap ora tion a nd rap id t he r mal a nnealing.

3 　Results and discussion

Figure 1 s hows t he longit udi nal resista nce Rxx

as a f unction of magnetic f ield f or t he Al x Ga1 - x2
N/ GaN hete rost ructure at 11 5 K. Rxx i nc reases

wit h t he magnetic f ield due t o t he p a rallel con2
ducta nce . The oscilla t ory p a rt Δρxx of t he magne2
t oresistivit y is exp resse d as [ 4 ]

Δρxx

2ρ0
= 2

χ
si nh (χ)

exp
- π
ωcτq

cos
2πε
∂ωc

- π

w here χ = 2π2 kB T/ ∂ωc ,ωc = eB/ m 3 , ε =

π∂2 n/ m 3 is t he Fe r mi e ne rgy ,τq is t he qua nt um

scat te ring ti me , B is t he magnetic f ield , kB is t he

B oltzma nn consta nt , T is t he a bsolute te mp era2
t ure , ∂ is t he reduced Pla nk consta nt , a nd n is t he

s heet elect ron conce nt ra tion of t he 2D EG.

Fig. 1 　Magnet oresistance Rxx of t he 2D EG in t he

Al x Ga1 - x N/ GaN heterost ructures as a f unction of

magnetic f ield B at 115 K

In orde r t o obtai n t he oscilla tion f reque ncy ,

w hich is p e riodic i n B - 1 , f ast Fourie r t ra nsf or m
( F F T) a nalysis was used. The data a re show n i n

Fig. 2 . The Shubnikov2de Haas (Sd H) f reque ncy f

only dep e nds on t he 2D EG conce nt ra tion : f =

hn/ 2e , w he re h is Pla nc k’s consta nt . From t he

f reque ncy , t he 2D EG conce nt rations i n sa mples 1

a nd 2 a re n1 = 41 98 ×1012 cm - 2 a nd n2 = 91 33 ×
1012 cm - 2 . Sa mple 2 has a muc h la rge r 2D EG con2
ce nt ration t ha n sa mple 1 . In Al x Ga1 - x N/ GaN het2
e rost ruct ures , t he ba nd of fset is ve ry la rge , resul2
t i ng in a deep t ria ngula r qua nt um well . Piezoelec2
t ric dop i ng ca n also cont ribute t o t he la rge 2D EG

conce nt ration . The 2D EG conce nt ra tion i n

Al x Ga1 - x N/ GaN hete rost ruct ures ca n be ve ry

la rge . Comp a ri ng t he 2D EG conce nt ra tion be2
twee n sa mple 2 a nd our sa mp le i n Ref . [ 5 ] , t he

dop i ng in t he ba r rie r has lit tle ef f ect on t he con2
ce nt ration . The la rge conce nt ra tion mainly comes

f rom t he p iezoelect ric dop i ng. Wit h t he i nc rease

of Al comp osition i n t he ba r rie r , t he ba nd of fset

a nd t he p iezoelect ric ef f ect become la rge . Sa mple

2 has a much la rge r 2D EG conce nt ration t ha n

sa mple 1 . The Al conce nt ration i n t he ba r rie r has

Fig. 2 　Fast Fourier t ransf orm of t he magnet oresist2
ance oscillation of t he Al x Ga1 - x N/ GaN heterost ruc2
t ures at 11 5 K
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a st rong i nf lue nce on t he 2D EG conce nt ration .

The qua nt um scat te ri ng ti me , also called t he

si ngle2p a rticle lif eti me τq diff e rs f rom t he more

com monly used t ra nsp ort lif eti me , or t he classical

sca t te ring ti me τc i n t hat t he f ormer includes all

sca t te ring eve nts w hile t he lat te r is domi nate d by

la rge2a ngle sca t te ri ng eve nts . The qua nt um scat2
te ri ng ti me is a measure of t he collision broa de2
ni ng of t he broa de ne d L a ndau levels a nd is rela ted

t o t he half2widt h of t he broa de ne d L a ndau level

byΓ = h/ 2τq a nd ca n be obtai ned f rom t he a mp li2
t ude of t he Sd H oscilla tions a t a give n te mp era2
t ure using a“Di ngle p lot”. At a f ixed te mp e rat ure

T , we ca n evalua te t he qua nt um scat te ring time

f rom t he slop e of t he li ne described by

l n
1
4

×
ΔR

R0
×si nh ( x)

x
= C -

πm 3

eτq
×1

B

The qua ntum mobilit yμq of t he 2D EG ca n be ob2
t ai ned by μq = eτq / m 3 . The qua nt um mobilit y

was ext racted f rom t he Dingle p lot of our da ta .

The result is show n i n Fig. 3 . The 2D EG qua nt um

mobilit y i n sa mples 1 a nd 2 a re 1854 a nd

1595c m2 / ( V ·s ) . Sa mple 1 has la rge r qua nt um

mobilit y. Wit h t he i nc rease of t he Al comp osi2
t ion , t he t ria ngula r qua nt um well becomes na r row

a nd t he elect ron wave f unction comes close r t o

t he hete roi nte rf ace . The i nte rf ace sca t te ri ng

st rongly aff ects t he 2D EG mobility . A la rge Al

comp osition results i n a la rge alloy disorde r ,

w hich cont ributes t o t he scat te ring. Theref ore , t he

sa mple wit h low Al comp osition i n t he ba r rie r has

highe r 2D EG mobilit y.

4 　Conclusion

Magnet ot ra nsp ort p rop e rties of t he 2D EG i n

Al x Ga1 - x N/ GaN hete rost ruct ures wit h dif f e re nt

Al comp ositions have bee n i nvestigate d by magne2
t ot ra nsp ort measure me nts at low te mp erat ures

a nd high magnetic f ields . Wit h t he increase of Al

comp osition i n t he ba r rie r , t he ba nd of fset a nd t he

p iezoelect ric ef f ect become la rge . The t ria ngula r

qua nt um well becomes na r row a nd t he elect ron

wave f unction comes close r t o t he hete roi nte r2
f ace . The i nte rf ace sca t te ri ng st rongly aff ects t he

2D EG mobilit y . A la rge Al comp osition results i na

la rge alloy disorde r ,w hich cont ributes t o t he scat2
te ri ng. Theref ore , hete rost ruct ures wit h lowe r Al

comp osition in t he ba r rie r have a lower 2D EG

conce nt ration a nd highe r 2D EG mobilit y.

Fig. 3 　ln [ (ΔR/ 4 R0 ) (sinh ( x) / x) ] as a f unction of

1/ B f or T = 115 K
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Al 组分对 Al x Ga1 - x N/ Ga N异质结构中二维电子气
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摘要 : 在低温和强磁场下 ,通过磁输运测量研究了不同 Al 组分调制掺杂 Al x Ga1 - x N/ GaN 异质结二维电子气
(2D EG)的磁电阻振荡现象. 观察到低 Al 组分异质结中的 2D EG 有较低的浓度和较高的迁移率.
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