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The study on cell Vth distibution induced by heavily doped channel ionn
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Abstract

the cell length, the
increment of B concentration in channel region is

As scaling down channel
inevitable to overcome the punch-through, especially
in flash memory cell with 90nm technology. “This
paper shows that the high dose ion implantation in
channel cause the Si defect, which has been proved
to be the cause of the tailed Vth
distribution. And also mechanical stress due
SiN-anneal process can induce the Si dislocation.
With decreasing the channel
implantation dose , skipping the anneal and reducing
the mechanical stress, Si defect problem is solved
completely. We are verify first that the optimization
of B concentration in channel must be certainly
considered in order to improve Si defect. It is also
certainly necessary to stabilize the distribution of
cell Vth in the next generation of flash memory

major in

to

and get worse it.

2

—

I A
B =2e 2043 S94 vz Q0N 5§ 2
4 Aate] Azt Qo] Hm A= AAA Fe
gAgozel Tail Bit ¥ 2714 R BRP%e
29 Tail Bite] ¥ 54 24 23t 2L o8 Y@
Fz B4, 2sds AFd4 A, M FES
g e Wb A% uEes B AY oL B
S Si-SiINZF 71AH AEdAZE ol 4 EEAY A
E 23 U Q% L gAL AU ®IF @
.

Mo e

o2&

1. 29 A5 S g de EHAY 4 8%

485

ol

Bar
o

AF ZYH dEgdy A FEAgy 4x
Bae Sol'l' (&A) / Sol'0' (£71) HEly 97 BF
2 »7|A] Disturbance £%F< F¥std & ¥ £
A Astel 990 Ha gk FEE AAA A
At Y B2 55~73% R 2714 A FYAS
B 17~27% LA S22 0~1.1%9 o}F &
Byom 4 AL
RAERZ 4AY FES

A
x
A HHE APEr] o7
FEE B2 2¥-13 Zel ¥
A4 9% A2+ Nory Zo4 == A& At
£33t B AFene 2¥-29 2ol FH F &
A 2 278 X g %7 HHdAM 4 FEAY
ALY HrF A3 A AE o] 2 REHAG B2
B 2314 Tailel A8 2427 tir QEZ0 2 o|%
e A B £ JdJt ol 24/ 27 5& ¢
o] A FEAS ¢yl FHAAY EAlmg 97 ¥F
Al B oA A AF7E 3aske §3F0] HAstE

Mo M UL

%4 mp s

—O— Geod Vi Ditrbution

Xm

- Fall VeDitrd when

Fidd
Word-line
. poly

[Ue ]

a9 1 Eg4) vimel o9 4 a2 AY/ER A 2] 4
dlojobREE A AE vjx]

11 FelllErase vpper Teil Cetl)

=0~ Good Check BD
-~ Fail CheckBD

The Number of Bits
H

I3 3. Ckbdx] TR 2714
Single Bit £ H|ER]]

7 4. Ckbax1 s 2714 B8
o] Fe AP )



AR godn. (B3 2% 49 FF 9F) &
& 33-33% o] vEY H2EM Ckbd«l A
27 B A3 8% HESe 24T Ay
o 2F4elA 2 £ Rl &7 / 27 BN
Ckbd*1 A& 2A7[elME LAY 4 FEAY AHEo
e ¥ EEAgoR, 279 4 FEHAY AT

el
o FEHAY Margin window?t A9 9l £5%

2. ZE A B Ao 7= BY 23

ag-594 4 FEAY BF A& S-TEM B4
A% Si B F-9oA Dislocatione] $AES &9l
&%lth. Dislocation 24 H$= S| FHOoZEE
0~7nm Aojoll A A3l HEF g o] FEd
A% A &4 27} Si-SiN 7AH 2EH2AE W
oA Dislocation =7 A3HE Aoz Add
EF 2EH2E W AEY Dislocationo] A#AE
Axo ot x7] T 249 AN 97 534
AdFoE & FHAYoR sl Aoz B
ol Si 9 9| Dislocation (Z¥)el o3 g =
AR olFxe] Z4a 2 MY 7o 4 AF7 52
93 F4s 4 AF7 gasd FEYAYE ¥
olejuis Aoz wugn)

e fo

An=q*t / mn (.Jln:%izl' o} ¥ X, t: Mean Free Time)
R=L/o*A (rR:4%. 4a:gdas
Idsat =A*+q*#n+*Nd+*VDS/L

(Idsat: Saturation Current , J4n: A%} o}JFE . A: GHA)

271Alel= a¥-63}. 2ol Dislocation®] A% Si
EHe AY 29 €9 Abslet Z2A Asige =

3% 5 S 8 49 Dislocation 286 Si ¥ Dislocation®ll 2J3t

S-TEM (%% B 4lsle} sio} 39 S-TEM
FHog FHI3 RUL B4l AolEzRE =y
geog Az W& F7F 2 Hot Hole ¢ Z71l ¢
3] Drain Disturbance®] %3t EAHE Holx o
2 $ddu. Dislocation 24 1XE 2A }ol7t ¥
Al @A Strapping Contact Q1 3-¢lo)A] Ao
Hog o BAsE Aoz MUY 2 oK% DNS
(Disposal Nitride Spacer) &4 42zt RZo=z
Strapping Contact F¥el ol SiNel 28
Si-SiNzt 2E# 2 Z7}Z Dislocatione] A3HE

° 2 wudEg

3. BHAY BF A9 AV B4

T F A 2 278 ¢ E U] Al A EH
At AE ZAHA 2o FEHAYoEY EEE Tail
AEL LAANNE & ZEALo 2 Tailg, #7)
Aol 22 E8Age Ry Tailg #AAZIY. 2
~79lA &% A2l Drain Disturbance 2% ®%24& &
ZF AL T 9 1 =248 A8k Drain

Disturbance H¥o] 4 FEY X E ZHss o
2.8 A28t} Separated Single Bit B&o] &3}
€ 9= #Adg Addsd 13 2739 Drain
Disturbance #if 4X& &3 Z$ 23 Ao o4
A @gtoy Umz 511 4= @98 £ W Drain
DisturbanceZ} 7FejAHA E3F o] AbEor i
Hol U4Eg & £ AU o2 U8 2AJ1A Tailg
HAsly gle 4AEe] Drain Disturbance E4¢) 3
ofs] Bz LSS A 5= Uk EBE 1A
Al 2 FEHALLZ TailAle £% A9 AoE A
ol 2 4 HF9 WIE AT AY e 2H
H4g 7HAE A Ax vzsEr] ge) 9= A
ol w2 4 AFE 474 Y A3 a¥-844
R0l B3 49 f=gel Agte mE 4 AFY =
A 718717 B4 Aol HE e B o
A 399 Si Ax A (Dislocation) HFog <l
Ad Bee] A2 o5 E A @AY AFU z=e
g9d3e 4z o7l BN A AF7 AuHew
FastdA F4 71€717 Adldog guks) e A

e J

w 0= Bedar Detad aace
—- After Distubance

8

3

I =Sy
B 8 & 3 8 3

The Number of Rits
N
Cedl Current [pnA]

297 | WAL Drain Distrbance /34 29-8 34/2%2 43 WL I gl vA)
o] gegt 2 vn “ldsat B4 wim

I Ieell
55V | Ltret

19 9 971 29l Sense
Amp 7&E

19 10 =2kl Separated Single
Bite] ¥ ->Tal Bit 84



22 AlEHel]

A9 Sense Amp. TZE YERRATH
E 2AAN & EHAYoz Taild
Separated Single Bit % f¥3 ¥Y3H ol 1
2-103 Zo] Sectorel EEHAY AETE Y=z
Wg =X Separated Single BitEeo] 2o Tail&
FA33E dA & F A

4. Si-SiNZt 2Ed# 2] 9% Dislocation 43

SiNel| 9}3t Sioll 7tRle AEHLAE BRI AEY
2 AgdHold & B Az I¥-114M RZEo|
Dislocation WAl W7} A o2 ¥ Strapping

Contact FYoA 2EH27 Ahyez 58S ¢
£ giges o £EHyA FEHAE Si AFEY

Dislocation BE7} AsflA+= Aoz ddd},

5. Si-SINZF 71413 2E#s gAE A% 49 A

Si-SiN Stress® Z4aAl7|na B-13 Zo] 2 7t
2 FR AN AL APPon o dig Axe o
g3 2o

5.1 DNS (Disposal Nitride Spacer) $4 4z %7}
2%-12,15904 DNSA] AE3HE SiNel & ~Ed
2 A2 E 93 DNS F4] 27 AHE 30° — 65'S
2 Z7MN A3 Tail Aol Aoz At
[EE3 B9 AL Tail 4 T4 7H$ 58 — 45 ]
E (4 Die)&2 2}

5.2 Spacer SIN £33 d MTO-1 300A & A=

a¥-13, 1544 71F 191A2 MTO-1 S48
300A %02 Wsted DNS 30 — 659 @& Sj ¥4
Attack ¥ Spacer SiN°l] 2|3 ~E2E /A% 2

E R

|proOCESS FLOW My —o— DNS 658

~—e— DNS 30
Normal

Peri G-Pdy Bxch o o

MTO-1

Spacer SIN : 800A

Spacer SIN Exch

The Number of Bits

DNS Wet Time

MTO-2

0 o 1 2 3 4 5
Vel¥)

Stopper SN

#-1 S-SN £EdA 48 HE T4 I2¥-12 DNS &4 47 Al w8 e} £8d
3 AE A

{729-11. Strapping Contact F4

gsta0is) =S¥ 278 12
10
—#- MIO2SKip b
Norrsd ~0— MTO-1, X0A
1 ~0— MID:295A wh
= 10 = 'l
gm‘ glﬂ"
ém‘r ﬁm-.
o - ]
0 . " L . %] I
¢ 2 4 6 8 10 1 2 3 4 5 6 7 8
ViVl ViVl

129-13 Spacer SIN 3 A MTO-1 30
A #8004 EHEYE BE A

2§-14 Stopper SIN 3 A MIO-2 HA

Hgol w4 BEIUG AE 744
3 Tail Aol 434 AME nMRon) (253 24
A Tail 4 24 744 58 — O bit (4 Die)o2
7+4] Separated Single Bit 7|1A Z@AM = 74T &
ANE 2.

5.3 Stopper SIN & A MTO-2 954 A& Z}

IY-15 2EHqA 7Ad
Aol WE Separated
Single Bit & Tail Bit

7A5= 73 2% (4 Die)]

The Number of Teil

MTO.2 95A  DNS 65  NTO_1 300A
Y o

I%¥-14, 1594 Stopper SiNol|l 21§ Stress& Al
AN711A} Stopper SiN & & MTO-2 95A% F

=2
KAZAS =3

4% A7 Tail o] 4HHoR BRt [E5
# 59 A% Tail A 24 /N5 58 — 28 bit (4
Die)o.2 7A] ’
2719 o] A BHAY BEAM Tail 4 %
Separated Single Bit9] 74 DNS, MTO-1,2 ¥7%
2 F7F H8& B AN Aoy ZEHoz
Z7] %H 2AA B THAGoze 2FEE
Tail 3¢ 2% 4 7jAe] HZ HA &3S &Yt

%k

=l 2~

g F

=]

g e 7

6. VIC (Channe! Vth Adjust) ¥ ol F¢
Exo o Ao FYAS 4 AH A

6.1 A ol& = ¥ T &4 83 2%

BAH F 27 Ad R 2AA B Tail ¥4 A8
o AL A8 F8HA A E4E dedl= Si Z
grel A 9 el xS o] H-29 2o
48& APyt
ol FYA HEF = oW EAE AR <
g Si A B ARE Fohiy] HF E-29 Lol
VTC &g o} F A (VIC IIP 1/ B, 1.8el4,
30kev ) B ojd¥ (1000'c N2/02) @AE Skip ¥
ol VTC #A¢ ol& FXE& 6.0el3 / 8.0el3oz X
4, ARAse Ao Ad ¥EE IFH2E WFa o

487



20043 ChBHMXIZ &S

Chanoel Implantation Dose %
Process Sequance 13

I

PROCESS FLOW A E I 3

11B+
VTC IIP 1 1.3814/2m” X

30K eV H-2 Wd oleF] v ¥ 3
Anneal A B
(1000°C, o x
M2/02, Smin)
vIc e 2 ;;g;z
;‘;NNEL x $.0E13/em’,

30KeV

99 598 0A QS 29adn 49 29 13
-16904 & Kol vl WG HEA 7] Ay
% A£AN B EHAGoze) 23¥ Tal 4Eo
AAEE gt olz s AGHN 4 BeHA
T ATE FRE 7 WA AT &A, 2700 4 2
B AEZL Tail glo] A4 Ugs QP
o 13-177 Zo] Ckbd*l ¥ 7|4 Window&

T36VAHE &R £ oA oA

ZEH o2 &g VTC (Channel Vth Adjust) =
g ol F] F=e 93] YA " Mono-vacancys 2
Si ZEL ojdHel o8] #4435 Dislocation 3
B2 wiE I, Si-SiN 2E#d2 &3 2 Dislocationo]

g
10 w’ TG LIk m" Nermal
, - ——RMEiVem’
wh il S . '
4 & é’i‘,o sammven’
z v [ I7
= 0h w0 7o O
2 4 -
5' A & &
10 Z 0P ¢ S $ i 4]
& K §2,67¢ %
8 &
10 w0 Segrd
Cibds1 cell Vt margin wandow
aba . N L 4 e —
10 10
2 4 6 [) 10 2 4 s 112

%16 A ol 3 52 N £A Al IY-17 A ol FQ ¥R R &4 8l
e 27] B A A4 oE Cibdsl o 2714 2 FEHY A

ﬁ

Aetgch olz AF) 2AF 97 FRelMe MY A
A olFm A R A ARV 22 gy g
FEoE A A AdHez A o3y, 2
712 e Si ER¥olA Dislocation -0 &g Atsigt
FEA FHEAHA HF 3¢ 24 E Hot Hole ¢
%7t2 38 Drain Disturbanced # % 54 1
ol A FEAHe XY 42 BFL fudy 5
42 g ASE oy Aoz B [1][2]

m Z2&

zuldFo2 AZd LA wHE2a AdMEe A
Hol7t zZAgel wel 288 E Punch Throughd 2
E3tuzt Ald 2949 B v F/H7F gl ol o
g Y 29 #xg B F5E Mono-vacancys
9] Si %L TAATIZ T Si AFL T GA
2 F&3 SiN 2 Sj FAHAMY 7AY 2EH2
o] 93 Dislocation® FAAZIZ H3A7|E Aoz
AFHAT ol A3 2AF 7] FIA MY AR

488

Dislocation ®9j°l Eld
el ok 9 24 2 Hot Hole
Drain Disturbance®] #&3 A&
At Axe] Aziet g

&1 Si-SiN 2E# 2 7AE 93
Azt ZF7H MTO-1 A =7}
T FHE 243 23 4yl

g3 =gt si 2 AN
A8 Ad 42 B v% A3t oz e
gegon, MY ZelH HE 4 JlE M
SRHA A FEHALGY] A4XE FRE M E
Al me Eojok 3 Algtoz waEr,

2t o

fo
a
=

V. 33 23
[1] Defect Creation Caused by Ion Implantation and Activation
Behavior by Rapid Thermal Annealing on Semiconducting
Materials
: Jong-Nam Lee; et al., A=&83] |, 1988 :
[2] A Study on the Lattice Damages and Impurity Depth
Profile of BF2+ Ion Implanted Silicon
. Sang-Jik Kwon, et al.,, AF8}3] |, 1988
[3] Si+ oleFYE Si 71we] AT P4 L 5)%e) BY AT
C B o 6%, AAEEI] , 1994
[4] Si o2 ¢ @3to] B} Channeling ¥ &4lo] TjX|= 9%
D 744d 9 59, dMxzeks) | 1993



