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Fig.1 Structure of the sample and the corresponding conduction-band profile
2 PL 40
(AFM) 30F
(Mmx¥H¥m). AFM 20F
4x10° cm 2. sor
>
0.35 ~ OF
0.30 -10F
2 025 20f
2 0.20 1 L 1 L
é 0.15 _3Q8 -6 4 2 0 2 4
£ 0.10 ViV
=~ (.05
MLy PN 3 FET( 1) IV
-0.05 L : 1 ! Fig.3 FET I-V curve at room temperature (Device 1)
1000 1100 1200 1300 1400 1500
Wavelength/nm 2000
1500
2 PL AFM 1000
Fig.2 Room temperature PL spectrum and AFM im- i 500
age of the sample = 0
-500
2.2 L " .
-1000 4 N 0 1 2
Aul Gel Ni 450 VoV
) ) 4 FET( 2) -V
Fmx1Q m ( 1) Fig. 4 FET I-V curves at different temperatures
(Device 2)
Imm X 1mm 2 C
( ) 3.2 1
3 , Vo =100mV ,
Ve )
los, 2. 5s,
3.1 FET -V
, (los)
Schottky -V , Ve 0. 4V,
(Vs =0), (Ve = con- , ,
stant) , Vo O , . Schlieman Kim
[12,14]
lbs Vs ( 3 )
4). 3 , 1 :
Vin -5v. 4 2
ol Ve

FET



2 : InAs/ GaAs 365

, ,2DEG ,
2DEG , , Er
2DEG , Engstrom  Schulz (15161 DL TS
2DEG , 5 : - Walther (7]
, Ve , , ,
24
22f ’
20+
< 18F g
3 16l 3.4 2 cVv
~ 14k 300K , )
12}
10" 1 ’
86 2 (50 K) , “ ” ,
Vv (81 (Bias-cooling)
[19]
5 50 K , 7
Fig.5 Hysteresis curve at room temperature
3.3 1 ( )
12
: -4v
= 10f
S
, , ERi
: (Ve =0), g 6F -3v,,’
<
Vo, los; 5‘ ar ,:‘ v
2k ;
’ 1 l
) (VG = O) y 0 ; ] ] 1 1 1
40 35 -30 -25 20 -1.5 -1.0 -05 ©
(Vo) , lbs Gate voltage/V
6 )
7 50K
44
Fig.7 Capacitance curves of device at 50K under dif-
State] ferent biases
43
i ! '
Z StateQ ,
42
ov - 3V
41 1 1 1 1 !
15 20 25 y 30 35 40 , 2DEG
t/s
, 2DEG Q. V=0Q/
6 c(cC ),

Fig.6 Real-time memory measurement result

5 6,

, WinGreen



366

27

[1]

[3]

4
HEMT InAs/ GaAs
InAs/
GaAs cVv

Kim E T,Madhukara A, Ye Zhengmao et al. High detectivi-
ty InAs quantum dot infrared photodetectors. Appl Phys
L ett,2004,84(17) :3277
Wang Zhanguo,Liu Fenggi,Liang Jiben,et a. High power
In(Ga) As/ GaAs quantum dot laser. Chinese Journal of Sem-
iconductors,2000,21(8) :827 (in Chinese) [ , ,
.. In(Ga) As/ GaAs
,2000,21(8) :827]
Wang Hui, Zhu Haijun, Wang Xiaodong,et a. Room tem-
perature pulsed laser of longitude control InAs quantum
dots. Chinese Journal of Semiconductors,1999,20(4) :328(in
Chinese) [ , , ..
InAs . ,1999,20(4) :328]
Zhao Xinwei ,Shuji K, Hideo | ,et a. Fabrication and stimu-
lated emission of Er-doped nanocrystalline Si waveguides
formed on Si substrates by laser ablation. Appl Phys Lett,
1999,74(1) :120
Sun Jinpeng, Wang Taihong. Single - electrons memories .
Nanoelectronic Device and Technology, 2002,8:7 (in Chi-
nese) [ , . . ,
2002,8:7]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Takahashi
charge in asilicon charge-coupled device. Nature,2001,410:
560

Balocco C,Song A M ,Missous M. Roonmrtemperature opera-

Fujiwara A, Y. Manipulation of elementary

tions of memory devices based on self-assembled InAs quan-
tum dot structures. Appl Phys L ett,2004,85(24) :5911
Wang T H,Li H W, Zhou J M. Characteristics of a field
effect transistor with stacked InAs quantum dots. Appl Phys
L ett,2003,82(18) :3092

Wang T H,Li HW,ZhouJ M. Charging effect in InAs self-
assembled quantum dots. Appl Phys Lett,2001,79(10) :1537
L ombardo S,Salvo B D, Gerardi C,et al.Silicon nanocrystal
memories. Microelectron Eng,2004,72:388

Yusa G,Sakaki H.InAs quantum dot field effect transistors.
Superlattices Microstruct ,1999,25 :247

Schliemann A, Worschech L , Reitzenstein S, et al. Large
threshold hysteresisin a narrow Al GaAs/ GaAs channel with
embedded quantum dots. Appl Phys Lett,2002,81(11) :2115
Koike K,Saitoh K,Li S,et al. Room-temperature operation
of a memory-effect AlGaAs/ GaAs heterojunction field
effect transistor with self-assembled InAs nanodots. Appl
Phys L ett,2000,76(11) :1464

Kim H,Noda T, Kawazu T,et a. Control of current hystere-
sis effects in a GaAs/ nAlGaAs quantum trap field effect
transistor with embedded InAs quantum dots. Jpn J Appl
Phys,2000, Part 1,39:7100

Engstrom O ,Ma mkvist M ,Fu Y ,et al. Thermal emission of
electrons from selected sshell configurations in InAs/ GaAs
quantum dots. Appl Phys L ett,2003,83(17) :3578

Schulz S,Schnlill S, Heyn C,et al. Charge-state dependence
of InAs quantum-dot emission energies. Phys Rev B, 2004,
69:195317

Walther C,BollmannJ, Kissel H,et al. Non-exponential cap-
ture of electrons in GaAs with embedded InAs quantum
dots. Physica B ,1999,273/ 274 :971

Abd-El M A ,Belal A A E,Ali K,et al. Characteristics of ga
ted GaAs/ Alo.3 Gao.7 As heterostructures. Phys Status Solidi
A ,2001,187(2) :580

Long A R,DaviesJ H,Kinsler M ,et al. A simple model for
the characteristics of GaAs/ Al GaAs modulation-doped de-
vices. Semicond Sci Technol ,1993,8:1581



2 : InAs/ GaAs 367

Room- Temperature Operated and Fully Gate Bias Controlled Memory
Devices Based on Salf-Assembled InAs GaAs Quantum Dots’

DuJun"', Wang Qingpu', Balocco C*, and Song A M?

(1 School of Physics and Microelectronics, Shandong University, Ji’ nan 250100, China)
(2 School of Hectrical and Electronic Engineering, University of Manchester, Manchester M60 1QD, UK)

Absgtract : Memory devices fabricated in high-electrommobility transistors with embedded I1nAs quantum dots (QDs) can be
fully controlled by gate bias at room temperature. The memory effect is due to the deep levels induced by the QD layer ,and
rather than the charging and discharging of intrinsic energy levelsin QDs,which is demonstrated by the hysteresis,real-time
and bias-cooling C-V measurements.
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