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Fig.1 Schematic cross section (a) and energy band diagram

(b) of gradual Ge,-, Si,/Si hetero-nanocrystals floating-gate
memory
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Fig.2 Etching depth versus time in 10% NH,;OH solution at
75C
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Fig.3 SEM image of sample with gradual Ge, -, Si,/Si hetero-
nanocrystals formed after chemical selective ectching
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Fig.4  C-V hysteresis loops of gradual Ge,-, Si,/Si hetero-
nanocrystals floating-gate memory



772 SR S NI %29 %
sOF L "+ Flectron BEAIE B
A ®Oooemy o
S oo, —o—Hole
.‘."\c;
. L
=2 El
QO -50F >
g -50 R
r Egn T
?Hl -
_t00- L R g E,
o-0005P =
6——0-0-000P—0"C Om,aiovom@’ H2 > Ev
il 1 il 1 1 H3
150 10 100 1000 10000
t/s
Pl 5 AR B L S SO0 R o A 0 194 PR - i) 4 1 il 2R CC-0)
Fig.5 Time-dependence transient capacitance (C-t) of gradual
Ge, -, Si, /Si hetero-nanocrystals floating-gate memory [
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Fig.6 Schematic diagram of the leakage processes of holes and
electrons trapped in gradual Ge; -, Si, /Si hetero-nanocrystals

WA B S SO AN A R AT B e ) P T R 4R
W] ol T L B A S AR R R Ge B =T ST Y
IR T2 G382, 2 XA HELSH 21
Ge (19— . i 755 25 A7 A 1R BE W S0 T Pl 1 A7 i 1k E
DRIt 32 % LA 45 BT 404 119 5 5 A R i IO T 4 K
At AR 5 K TEANAT 4 i - fIE 85 76 ORIk = #8275 2 0[]
Y 0 3 < P A )77 fif I ) 352 0 17 Bk i 1 1) 1R BE

&% ik

[1] Tiwari S, Rana F, Hanafi H, et al. A silicon nanocrystal based
memory. Appl Phys Lett,1996,68.:1377

[ 27 ShiY,Saito K,Ishikuro H,et al. Effects of traps on charge stor-
age characteristics in metal-oxide-semiconductor memory struc-
tures based on silicon nanocrystals.J Appl Phys,1998,84.2358
Choi W K,Chim W K,Heng C L,et al. Observation of memory

effect in germanium nanocrystals embedded in an amorphous sili-

[3]

con oxide matrix of a metal-insulator-semiconductor structure.
Appl Phys Lett,2002,80,2014
[47] LiuZ T.,Lee C,Narayanan V,ect al. Metal nanocrystal memories-
part I: device design and fabrication. IEEE Trans Electron De-
vices,2002,49:1606
[5] Jungl H., KimJ H, Kim T W, et al. Nonvolatile memory cell
effect in multilayered Ni; - Fe, self-assembled nanoparticle aays
in polyimide. Appl Phys Lett,2006,89.:022112
Yeh P H,Chen L J,Liu P T,et al. Nonvolatile memory devices
with NiSiz /CoSi; nanocrystals. J Nanosci Nanotechnol, 2007, 7.
339
Choi S.Cha Y K,Seo B S,et al. Atomic-layer deposited IrO; nan-
odots for charge-trap flash-memory devices.J Phys D, 2007,40.
1426
Chen J H, Yoo W J,Chan D S H, et al. Self-assembly of Al;O3

nanodots on SiO; using two-step controlled anncaling technique

L6]

L7]

for long retention nonvolatile memories. Appl Phys Lett, 2005,
86:073114

Huang S Y., Arai K, Usami K,et al. Toward long-term retention-
time single-electron-memory devices based on nitrided nanocrys-
talline silicon dots. IEEE Trans Nanotechnol,2004,3:210

Lee C,Hou T H,Kan E C C. Nonvolatile memory with a metal
nanocrystal/nitride heterogencous floating-gate. IEEE Trans E-
lectron Devices,2005,52:2697

Yang H G,Shi Y.Pu L,et al. Numerical investigation of charac-

[10]

[11]



541 (B BRAF. TR AR5 R ANOK R AR B Ok I AT 6 A 00 AT A 773

teristics of p-channel Ge/Si hetero-nanocrystal memory. Microe- heteronanocrystal metal-oxide-semiconductor memories. J Appl
lectronics Journal,2003,34:71 Phys,2007,101.:063702

[12] Zhu Y.Zhao D T.Li R G.et al. Self-aligned TiSi»/Si heteronano- [16] Zhao D T,Zhu Y.Li R G,et al. Simulation of a Ge-Si hetero-
crystal nonvolatile memory. Appl Phys Lett,2006,88:103507 nanocrystal memory. IEEE Trans Nanotechnol,2006,5:37

[13] Seol K S.Choi SJ,Choi J Y.et al. Pd-nanocrystal-based nonvola- [17] Wang F,Shi Y.LiuJ L,et al. Highly selective chemical etching of
tile memory structures with asymmetric SiO,/HfO, tunnel barri- Si vs. Sii - ¢ Ge, using NH4;OH solution. ] Electrochem Soc, 1997,
er. Appl Phys Lett,2006,89.:083109 144.1.37

[14] Likharev K K. Layered tunnel barriers for nonvolatile memory [18] Sze S M. Physics of semiconductor devices. 2nd ed. New York:
devices. Appl Phys Lett,1998,73:2137 Wiley, 1981

[15] Zhu Y,Li B,Liul L. Fabrication and characterization of TiSiz/Si

Charge Storage Characteristics of Nonvolatile Floating-Gate Memory
Based on Gradual Ge,_,Si,/Si Heteronanocrystals "

Li Jin', Chen Yubin, Zuo Zheng, Shi Yi. Pu Lin, and Zheng Youdou

(National Laboratory of Solid State Microstructures, Department of Physics, Nanjing University, Nanjing 210093, China)

Abstract: Gradual Ge, -, Si, /Si hetero-nanocrystals on ultrathin SiO, layers were fabricated by combining self-assembled growth and
the selective chemical etching method. Charge storage characteristics of nonvolatile floating-gate memory based on gradual Ge; -, Si,/
Si hetero-nanocrystals have been fabricated and investigated through capacitance-voltage (C-V) and capacitance-time (C-t) measure-
ments. The findings indicate that holes reach a longer retention time in gradual Ge; -, Si, /Si hetero-nanocrystals, which can be attrib-
uted to the holes trapped solidly on the side of the higher valence band of the compound potential barrier caused by the offset be-
tween Ge and Si.
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