RO 7 = Vol. 25, No. 2

CHINESE JOURNAL OF SEMICONDUCTORS Feb.. 2004

s HEHm 2
2004 £ 2 H

p JAEH#/ AR RNKLEH MOSFET 1Fi#&5
' *
& HiZtEES
WAE MO OB oM K b M ok o AR
(P PR [T Es M R 5T S s Be 5, g at 210093)
W KN T (Bardeen) 15 S0 7 ik, B TR T p VRS EE Rk 5 TN K SR AE il 85 IR VEERE . th T A IR

Fi 257 45 2 RV W A7 o o 2 0 1 T, 3B R A Ak i 1 5 T L [ I s 8 4 ) PR 2 B RS A A G, AT I 10
AEARRE PR, LU 22 SR EERE 51 Sy 9] 50 W] T 3 2R AE £l 2% G2 pa i ol i 1) B2 o JaU B BIE U4 A SR A A vl L

FE R AE AL AR GE L 31 A1 5 SR Ak A7 fift 2% 5 0, A1 71 R e (106 I UAEAJE Bl Hha i o B4 12 1

KRR BE/RE SRAVKES R fAifds S A

PACC: 7335C: 7360N: 7320D
FESHES: TN386. | MERARIRED: A

1 35l

e B A B T I AN L A e A g R
e DR AHED L B S 58 i R R
P05, B0 K 45 M A7 il B84 R R — A8 A N
R A5 S Gk B8 PE (R AR O I A7 2%) 5 1k
T AN Z W e A ik, AMIRIET
2 P A OGO AF it 2% ST 45 0, eI K 2 I8 TREg K
s BT M S5 MOSFET 176 8%, 763X Bl &5 K 11 17
fith % T, Bk AR AORL B T 3 SR AR RN S LY T 2 (1)
(9155 2% S A0 2 o it A — 5 () BRRE A P, P B 2 11
R A7 300 R (1 A1 2 3 A K R A T Ak
v L R 1) LT B M R P AT, RS T I T, AT
Ao A P PR AR . AEid 25 JLAE P, b T e sk
IPERE, AR T V2 B8 i i pa AR |
p VA R RO R R BT kR A DL Y
fiAp e 25 P 1) L AT PR B K V) R 488 5 e ) 2 D) £ O O
JEUHE b, B 5 S A 2 I 3E 2 S v % 2 I W) ) o2 A
Tz W BE A AL 2 R REAT R T A A7 G, (EAR

XEHS: 0253-4177(2004) 02-0179-06

FTFHES T [, /b 5 S A0 2 L B ] 440 e
FEIFa), {H CR B PRt bt 2 GB Ak, b T i peax —
R, FRATTEE T I/ e SR AN K R e 4 K
JL ke 4 385 7 1) A7 it 2% 4 0 s e i TR 1A B
(0.66eV) /DN THREMATEL( 1. 12eV), K, 7EiZ 45
FR ] B TR AN K SR L TE A DR DR X el
3 WK B 2 4 42 R v A s i 3 (R P, S REGh K
454 MOSFET A74K 2% F n 7418 5 /1E 5 5 40 K &5
F MOSFET f7ii &5 AHLE, A SCHEFUIY p VA8 /4
SRR GER) MOSFET 174k % 7R AL 5 (1 77 fif
PERE. A SR LT ( Bardeen) 1% 4 W 250 7 1%, %
EREAUL T p VA TE B /0 S T A K 5 ) Ak 25 1 ) [
FEVE, IF HLL 2 X2 i85S 0 61 368 T el e A7 6
A A ) A A R ) U RO IFST A R A
() 4 RSB DD AE s k2%, T (R B IR ) Kk 4. X b
P (K A 2 A ol P R PEREOL R M AE L) R VEA ik

2 TFiE=RERITEM

Kl 1(a) 25 th T 86 /5k 5% T4 K 45 ) MOSFET

#[H S AL R A L eSO ( HEHE S GOOTCB309) A [ 5 [ #8 RF o A Gx JikHE45: 90101021, 60236010) Bt B3 H
e Y, 1968 4F Ak, W RIFAE AR, RIS U ) R TR R Al A £ ke A
ME B U3, 1962 4k, Ho, LA O, S EEESEAE h 2e  A agh AC £ h EE LRELR A

2003-03-18 I #], 2003-06-06 i K

©@2004 [ L



180 FooF K

s
L

14 25 %

A0t B (1) G5 40 715 T P B/ e A0 K e ik A 42
R 905 s A5 L V) 2 T ) A A R R 1 B
T S )2 0 K R AR V) B T, R JEE R 4 o A AL
JEAL T8 K AR R M 2 18], B 1(b) R (e) 1B
YT 0 VRIE B p VA 90K G R A7 0t 9% 1K) H B 1
5 AEWE AT IO A G R Ik I, 25058 FE 4K S R 1K)
1 PRI 2 R A B RN, 2 — AN gk kL
AN (BRI I, S AR (B R
TERENZ AR U AT S i (R e . T p VIE R/
Fol e ST AN K &5 R A i 2%, A0 R s RV A1 oy

—

+
L

®) ()

Bl 1 BE/RESE AN KL MOSFET A7 filf 5 10 45 40 75 5 14
() Bl n P30 ( b) B p MW ¢) AYACHS R £76ifs 35 (1 HLER 155
TP T TR R RE A 5 9 K R T s R BB A p 2R 9
itz a], 65 Wtk BE 5 4 S 00 LLUE

Fig. 1 Schematic cross—section of Ge/Si hetero-
nanocrystal based MOSFET memory cell (a) and
the circuit symbols for n—channel (b) and p-channel
(¢) nanocryatal based MOSFET memories Ge/Si
hetero-nanocrystals are embedded in the oxide layer

between control gate and p—channel. and thus the

compound tunnel barrier is formed.
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Fig. 2
(a), holding 07 (b), writing

Valence band diagram for hole writing 0’
1" (¢) and holding
17 (d) in the operation of p-channel Ge/Si hetero—

nanocrystal based MOSFET memory
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Fig.3 Programming and erasing times of p-channel
Ge/Si hetero-nanocrystal based MOSFET memory
versus the tunneling oxide thickness and the control

gate voltage
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Fig. 4 Retention times of nSi-NM, pSi-NM, n-
Ge/Si-HNM and p-Ge/Si-HNM
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Fig. 5 A schematic diagram of a 2-by-2 array con-
sisting of p-channel Ge/Si hetero-nanocrystal based

MOSFET memories is depicted to illustrate the cell

operation
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p-Channel Ge/Si Hetero-Nanocrystal Based MOSFET
Memoryand Its Logic Array

Yang Hongguan, Shi Yi, Lil Jin, Pu Lin, Shen Bo, Zhang Rong and Zheng Youdou

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

Abstract: Basing on Bardeen’s transfer Hamiltonian formalism, the charge storage characteristics of p-channel Ge/Si hetero-
nanocrystal based MOSFET memory is simulated. Owing to the advantages of a compound potential well and a higher offset in
the valence band, this kind of memory can possess the advantages of both high—speed programming and long retention simulta-
neously, and thus it has the well storage characteristics. Furthermore, a 2X2 logical array is used to illustrate the principle of
logical. Therefore, this kind of device, as an excellent nonvolatile memory operating at room temperature, is desired for the ap-

plications in the future VLSI.
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