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Characteristic and Investigation of Robust Oxynitride Film
to SONOS Flash Memory

student : Shinn Fuh Huang Advisors - Dr. Jen-Chung Lou

Industrial Technology R & D Master Program of
Electrical and Computer Engineering College
National Chiao Tung University

ABSTRACT

The market of memory is more and more important, There are many
problems in memory with technology scaling down. I gave attention in flash
memory. There are two key points of flash memory are retention and
endurance .At least, a flash memory product must be operated 10° cycles and the
data could be identified after ten years. But the thickness of tunneling oxide is
thinner with technology scaling down and the charge stored in charge storage
layer will leak easily. The experiment is designed to solve the leakage of flash
memory. [ used oxynitride to be tunneling oxide. It was figured in 2000 by Y.
Yang and M. H. White. (Y. Yang and M. H. White. Solid. State Electron. Vol.
44, pp. 949, 2000.). By this way, there would be less interface state between
substrate and tunneling oxide and the charge leakage would be reduced. After
measurement of my device, we can find the improvement of charge leakage.
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Ccr Cor Q

Vs=Ve=0V = Vcr =—Vcece+—Vp+— (12)
Cr Cr Cr '
Let ac = Cc , T = Co
Cr Cc

Cc

= VFs = ac (Vcs + fVos + gj (1.3)
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FRREHSOZN  RA- Boes THETF EF~ AR TRE SR
7 (stacked) 2 N (trench) 3 % > 3 % B P 4L 5 20%107"° ;% $~25%107°
ER(F) 47 aFg v LA R FAGC AR T 3 UiE AR
A% > P# SRETRFN LT HE R FOTFE B AT Rl

# (High-k)#-§ # 5 * 71 DRAM 57 % ¢ » DRAM &+ chik ghje £ 7

ﬂi}

P4 X7 HA(MOSFED) ¢ AT~ kgt TR T g i

Bl g L4 0 #F R LK S BT DRAM T - 2 B 848 IC flizy 7
En

1-2. 3 Flash Memory(Ex. ;5 @ 2= %8 )

B A I {7 er- P 2o 3 88 (Flash Memory) 8 + 384 B 56 ff e B4y ~ &
wEa o R RE A@RE KEA 0 7 A L "NOR-Flash”
2 ”"NAND-Flash”Bl(1-6)[11] » NAND-Flash %% % = 2 # 2 > g #. 1% % @i 42

2h(contact) > #T H 3 £ Aribanm M 0 TG b RX HEE
it "NOR-Flash” 73§ B i# & #l- > #7008 B e * F %73 > "NAND-Flash”

i E A ks 3 > "NOR-Flash” ik € 2 B85 3 B> F) 5 B » \3F "ﬁ% =g



e BF % I3t 7 5k (tunneling oxide) ek 3% cads 1F > 100 — B F 6 F e )
5 - i * *LR (endurance) © — 4K A 10°~10" = &0y %\#“/T‘ » B H %
BF A% lu~100ms) » <<<<l'§"/‘\g~€;§:;& Froehd (TR 0 U b A gk
ST FE R R R T 0 7 B A e BT A2 e
£ FRFIVTRELT T UREF AT AT B0 S U Pk

£ f -] &5 MR REIRMAT TR BB R T

She
0

AT e LRI MFORR R F O AT a2 B R

I

O

SRR 0 BT MY AT AL U * B shd MRAM #2 PCM - #0

B H nh g o

1-2.4 MRAM (& re st zeiiig)
Magnetoresistive random access memory (MRAM) » Bl(1-7) & % # e
MRAM ~ 2 § <7 2 BI[12] > ¢ % - BRI F %45 (MTJ:Magnetic Tunnel

Junction) ~ — B4k =T INES R S E B I S R R TR TRl %

layer- - Tunnel barrier s 1 ¢ + A BB e~ 2 v LR - - &
% MgO v AL O3 4% % % ;Fixed layer #E & L & #_ % e tE > v §_F 2oy

7’1%“ d 7ok & g3 s Free layer (42 % > § Free layer 22 Fixed



layer gz f > w» E 40 e 59 f]h € AR P B e E(RI(1-7)(a) 0 T T
g~ enRt BlR Tr 0 & Free layer ¥2 Fixed layer srg {4 = v H_4p K 0 R P eD

fE fE:T}Lﬁ&J‘ ’ @(1-7)(]:))-& Ei% MTIJ 'Tlpq I% mF’ 'f /T}‘Q IEasy IHard £ f (s 1%

*oRgiE- 2 e R A 2 MTI ahFRa At d T4 BER
BB Freelayer nT H = % » TG R| A DTS 70 - HOKE LB

(MA) > T F# 4~ FHAA- M 2 LR BRI ¢ B FIE
7 3 feehge i ~ #* (Disturbance) » $Hacigi- { £- « K AL #70U3F 3 7
~ I MRAM =R A8 B <Ak 1 B 3 0 % o B(1-8)# 4L 5 Spin RAM[13] »
%’j‘ﬁ’g} ® 3 70K Freelayet enT & 4 7+ p g m i i B> v
(Spin Torque Transfer Magnetization Switching) > #7121 *7 3% 7 /¥ 12 "% 3
150~300 #c% 33 > @ Bt @ (O R R R AT 7 € RTHE
A B(1-9)3 MRAM ¥ 12 * p o CMOS WAz #i7 > R7
Perpendicular Spin Torque Switching-RAM[14] > H# 1 ¥ 3§ /s { ¥ -] ] 30uA >
1EPERF A B 30n 4 0 MTI & # £ & 6F° 0 B w A4 (MOTO) % # 4
(Infineon)... % » #%e 55 4Ap MRAM &2 & &7 # Rl » SR T 75 &
2008 # &+ % MRAM e fifl » MRAM e iv:g B 2 H ~ % [ V4 F
DRAM > ® A5 35 240 o R cnifal > 1172 N3 25 TP
(Disturbance) » ¥ FALiE TR 27 5 (T #5107k BT g B

Wt PR AR § 4 { T F > P DRAM £ Flash Memory 45 7 ¥
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#(1.1) %483 % (DRAM ~ SRAM - Flash-NOR Flash-NAND -

FRAM ~ MRAM ~ PCM) 1 £ 4 Hc8? #5410 i o

Memory rype | DRAM SRAM Flash- Flash- FRAM MRAM Phase
NOR NAND change
MEmory
Cell size 6~12 O90--150 8~10 4 18 10-20 5.8
factor (E°)
Largest amray 256 2Ghb 64 i 4
bl (Mb)
VolatileNon- | Volatle Volatlc NY Ny NV NV Y
volatile
Endurance o oo oo joo 10° = 10° = 107105 | 10M e 105/ =
write/read
Read Destructive | Parnaily- Non- Non- Destruetiv | Non- Non-
destructive | destructi | destructi e destructive | destructive
e ve
Read Progra | -1 1 210 218 1513 3333 041
m voltage (V)
ProgramEras 50/50:8 8838 lus i- lms/1- 808080 30/30:30 30-50'50
e_.-'R;ad speed. 100ms 100ms 60
5 (block)6 ns
Ons
Direct over- Yes Yes No No Yes Yes Yes
write
Bit'byte Yes Ye Yes Block Yes Yes Yes
Write Erase Srase
Read 100- 100- Delta Delta 100- 2040% R 10X-100XR
dvuamic 200mV 200mV current current 200mV
range
(margin}
Programming | Mediim Mediian High Low Medium Medium Low
energy
Transistors Low High High High Low High Hagh
performanc | performanc | vollage voliage performan | performanc | performance
B ¢ ce B
CMOS logic Bad Good Ok. bur Ok, but Ok. but Hi Good
compatibikity HiV HiV V needed
needed needed
New Yes No Neo No Yes Yes Yes
matenais
Scalabiliry Capacitor 6T (4T Tumnel Tunnel Polarizable | Current Lithography
Tt ) possible} oxide HV | oxide HV | capacitor density
Multi-bir No No Yes Yes No No No
storage
3D potential No No Possibie Possible > ¥ No
SER Yes Yes No No Yes No No
susceptibility
Relative cost | Low High Medmm | Medmm High ? Low
per bit
Extra mask (=3 2 4 34
needed for
embedded
wemory
In production | Yes yes Yes Yes Yes 2004 NA

10
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2-1 53— f§ 4 SONOS e 152 % ~ RIZ ez gt
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1 e in 4p 2 S (Disturbance) ~ 5.7 " 07 R - 6.3 i (Ao it L
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B~/ K,lrt 13 Ve f& kg % 0 Channel Hot-Electron
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2-2.1 Channel Hot-Electron injection

Channel Hot-Electron injection(CHE)#_p # & % * @ » = ;3 2. — (]
C-D@zHadB) ARTF I I REFHY > R 2R TR
(Ve § % % > I RHCS e % Ap g = TRk o P e B B s 82 7 R
(ex.Vg=Vp=6V) > 4ot ¢ g tefgf ~ 2 il g - T+ 44 ,T-%g 3 - T
F ® 0 ! T RPN AT REL TR %%'d TR P
59 = E‘E?E_ﬁ??,:*i“:hjﬁﬁ T %E CRBITRETE D (BI(Q2-2) 4T

MRE AL RPT S iR AERRL T L a g S

FHTILHHE > GANLDRF eAtmn 252 TR B(Q2-4)[19]
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s

efficiency) > Ig/lsug ¥ P FI A3 £y 2 /T + 7 5 7 DAL > IR JF iy
Fh? o g Ig/Ip=107 - Io/lgup =107 o — L k3 > As B E L F &
¥4 7% WordLine ~» A& X & A4 BitLine> @ ¥ £ 5 Behi it * -

i line 8228 € E - B~ 2 KRB » 0 el - 0% line ¢ ¢h~ i B4 Half -

Select(¥ 7 MiBEAIBMBHRE) > 24 ¢ RFAET AR > 2H S HFuR

o
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2-2.2 Fowler-Nordheim tunneling(FN)
Fowler-Nordheim tunneling(FN tunneling) |24 ¢ B(2-1)(b)*77+ » i ¥
A ARt/ AR R > A Rt~ 2 TR R F R RS A
- s o ”“r?. | st }‘,H} R E X TR R i;—ﬁﬂvléljr&;g T %R
FRRF LR TIEEE L F THE A 10MViem 2+ 4 454 FN
tunneling(®](2-5))[3][20] » ¢ #® (T4 “% + » 7 ¢ 3 CHE Injection (13 +

G EA@E D R E £ 0 744 FN tunneling <05 %% F fLiF4 R+ o

2-2.3 Band To Band Tunneling(BTBT) (3% ‘ﬁf)

Band To Band Tunneling Hot Hole(BTBTHH) - ¢ ** SONOS &_% + 43
F e SIN ¥ o R 2 R MY kg @ S #4007 i@ * BTBTHH #
Tk~ TIREGF R P T 3 42 & H(for P-type sub. Nonvolatile memory) > %

EPlHRrfock o (TP VG S LR VD SR TR R AR TR

Roeie & o bk angtd
(Bl1(2-6)(a)) > Band to Band v gap % % > & + % j¥_Ev % % Ec - ,T};,gv—r _
BT RFRIDNTHFZINANF TEELR TRINERTEAET S
& > F15 H_HotHole #7r4+%5 %k chip T £ 2 F 5% < - & > ¥ Hole
b Ak SiO, 4 #3 > BI(2-6)(b) 4 f§ B eni) o+ kp BTBTHH 4o e if B4k

",/Tf s3x% o 4 A+ 3 BTBT Hot Electron (BTBTHE) > BTBTHE i ¥ &_i¢ *
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. N-type substrate 3 8 ~ £ o

2-2.4 Modified Fowler-Nordheim tunneling(MFN)

Modified Fowler-Nordheim tunneling ¥ i %L FN tunneling 1 iF#-5% £
5 R A MEN{F Rk hieF 85 %k -s ke k- B MFN
TR &R DT R R FN K av] A3 se i BT IOV E ™ K B R
B T (RSPt A ok Fli - R RATRIE m"ﬁfﬁ RA X > 971
Flashmemory%'%—”l@’{ﬁ%’ﬁr%ﬂﬁﬂé)ﬁ;ﬁ% ’—1@?&)‘;1‘*% < A7k
g0 7 %%,j*uﬂ G b BB i 17 Flash memory 5 & & lr — & &+ > JBiE

ﬁ’é)j‘iﬁ 4 Flash t13% 3 R (65 3 T @048 T 5 eimg b 1% o
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B /HFEE SRR T P (T2 N F R OpEE
¢ » 12 CHE-injection *k 3% FN-electron injection ** #z » 3% §_FN s fie 3 -
RS N A LA R A S AT B 7 o - ALk CHE ¥4 2 in
BT BP B o B BT gy FN kin g o Ui R €A
CHE-injection #u}%-> i CHE-injection # Z ;}’ 4 #& % > 12 NOR-Flash X 3 lus

iR AELGREAED 2) 0 Fli %’*“,% A - FRwRAL( ZRIER

WA 2) A(1-Def & 100ms > & @~ &+ T35k 7 F 60ns » 5% F K
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LOCOS:

P-Well implant BF,,E13,70KeV

Well Drive-in 1700 A, 1100 °C

Channel Stop Implant BF», 4E13,120 KeV

Field Oxide 5500 A, 980 C

VtImplant BF,,4E12, 40 KeV

APT Implant B, 5SE12, 35 KeV

LOCOS END

Tunneling Oxide A

Trap Layer 780°C (A) 50

50

80

80

50

50

Re-oxidedation

Blocking Oxide(CVD TEOS) 100A

Densify(# (*) 923°C  14min30sec

Poly Gate 611°C 2000A

Gate dimension([lz5% tunneling oxide)

S/D Implant  As,5E15,20KeV, T:0

Substrate Ohm Contact Area Etch

P" Substrate Implant BF,,5E15,40KeV.

RTA Actuvation 950°C 30sec

CVD TEOS Si0O, Passivation 5000A

Contact Hole Etch(Z¥ 300A 5| BOE)

Al-Si-Cu Sputtering 9000A

Metal Etch

Alloy 400°C 30min 3] N>

END

AL HOE3 20min, 57 780°C 3] NH3 (=, a7 923°C 3] 05 (=, iz =45 30A
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