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For nonvolatile semiconductor memories (NVSM), there are two limitations encountered at the
present time. (1) The limited potential for continued scaling of the device structure: this scaling
limitation stems from the extreme requirements on the tunnel oxide layer. To balance between
program/erase speed and retention time, there is a trade-off between speed and reliability for the
optimal tunnel oxide thickness. (2) The quality and strength of tunnel oxide after plenty of
program/erase cycles, once a leaky path has been created in tunnel oxide, all charges stored in the
floating gate will be lost. Therefore, two approaches, the silicon-oxide-nitride-oxide-silicon
(SONOS) and the nanocrystal nonvolatile memory devices, have investigated to overcome this
oxide quality limit of the conventional floating gate NVSM.
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LR EEL » Ak 2R -

3. ZERFRIBRIIHER HECIERE

Fo T B —TCER L ATATE - FIREE 2n
RITCHITCHEAE AT A 2" (BRI EZE T - R
ARFEBERISARK 40 252k - RLEBERE
FESEIT 90 7RI - B PR R AL B & R
HREE - DUTNZATE 2 AT R LU A
RS G -

(1) T2 7T ] FTHBRERIES

R IR T AR FH B E R
V, ° BB T E RGBT AREE - &LIEK
By 1R 25BN > AR HALIEERE v, - AR
BT FIRFATEIRAR ~ Rl A BT > RS E]
HIRRIAEE IR Ry V, o QOBEAYHEEERE S A0E 10 As -

R2BAH R RAH R B e B E 0 AR
USRS ALY S VY R S

FREH 2006 | 2007 | 2008 | 2009 | 2010
ZREANEEE (m) | 4 35 | 35 | 35 | 35
ZILEEE (nm) 45 4 4 4 4
FHE S LEEE (nm) | 4.5 4 6 6 6




(2) BB PRI EREE
@ Z (LB F R

FIFH R E RIBEVE R BRI REFRE TE R 2 (2T
OB - B 1 FUR RN RIS ~ Rk
TE TR I B EE R S A VR BE 7 e T

@ PO e

[ % E EiuiE 7tE, f4uE 1]
FEEZ LRI - BEIPRCEAT 30 ZOKRAY [
L, fLE B flbiE, 1] nlEE
FH#ER X (damascene) [ ELFE A [ 22 L A (T H]
B0 - BARERERESTHRE - DU IEHE R
SRR W B SR RS R -

@ M= EE

{58 FHAMAZCHIEE > mTREC Ao = (I A
MEHSERY 50 ZOKLLFEYRST® o /Nt 50 78K
HYSMENEEERSA  w] DUFI] P ik R e AR B

@

4. FHFAFEBRYIEIE R 4R IERE

B TER S ERAVEEFIR - IS ARER
P~ (IR R R R RAT R FEE S - RTEANFERY
Hrimies iR R -

(1) RAEEAHEE
R AR AR ER AR - (e E
EFE T P DA R SR RE B A IBE RS .2
SALE, BALWE, S ™ - MHRERERIERI S
e PR A A (R B RS FHRE S SR LR PR

(2) ZEEH®E
[ 2 g 1Y 2 ELEIE % b g — SLE — &L

— & AbfE — 1 (MLVC-SONOS) | ECIETTHE L)
BUEHA" o Al E—S EE G RITA R S i
HAIATERE K AU B R 7 R E FA R i & R R
HITE ©

) ¥/ ftE/ALWE /" SILEB /W | &&
EIRERIEEE

Drain Current: Id

Gate Voltage: \

B 11. 4] 2 X el gy — 1=
o

TARAE W6 V-1, 4R 1§

[/ 2t #WE fiE W] &5
IR PR AL R AT TS AR Ty T AL IR R TC R = HE HE AR
Vs HERH MR - FLERGE R B ER T
it > e EARFITIZRVEHE

(4) EEKBEEz (W /5t /ALWE /&
L8 /1] HEREEIEREIRESRLE
FORIRAE A EREM A E LS ARRE

B> AMEEE T RIEAEREES - AEFUHTE A

PRERATRE ™ -

(5) EE=UIFTE 3 14EC1ERE (FinFET NAND)

g =X 355 XU FE o RS 18 B A — i i Y R e B
i ATDARA EM C RE®RE - BIRREREE)E
T (L) ~ BAERIRES FLEENE (subthreshold swing) Kz
FORESE - BT RS Al MBE B o BRI
HORIREARLL - SE=I5 R e e 5 T 7 BT A AT
T - AN HREV G RIEEM T - KR
JRYMESE IR AL R - SR AR S B - [T H B (A
CMOS BIFEHE A » FBREE A 22 A 8
KAV H - ERFETAGEEIEI - KL RPGEEE
ZKH FinFET B a5 Re 2O 2 5= SR ) E i f 1 R
FLEEE - CERME LB R RIFRE -

(6) ZTRANEEET (Multi Bit per Cell)
H Al i AR S AR A8 2 bit per cell HY
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Dielectric Double-stack Work function
Engineering storage nodes Engineering
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