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Abstract

Experiment have been conducted about thin oxide characteristics according to O3 /N,
ratio needed for EEPROM cell fabrication. As a result, we think that there is no problem
even if we grow oxide layer with large O, /N, ratio and short exidation time and when the
water is implanted by As before oxidation, the oxide breakdown field is about IMV/cm lower
than that is not implanted. Especially, the thin oxide characteristic seems to be affected
largely by wafer cleaning and oxidation in air.

On the basis of these, tunnel type EEPROM cell is fabricated by 3um CMOS process and
its characteristic is studied. Tunnel oxide thickness {1QQA) is chosen to allow Fowler-
Nordheim tunneling to charge the floating gate at the desired programming voltage and
tunnel area (2x2um 2) is chosen to increase capacitive coupling ratio. For program opera-
tion, high voltage (20-22V) is applied to the control gate, while both drain and source
are grounded. The drain voltage for erase is 16V, It is shown that charge retention charac-
teristic is not limited by leakage in the oxide and program/erase endurance is over 10E4
cycles of program-erase operation.
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Fig.17. The threshold voltage versus gate vol-

tage for erase.

23182 =aalol 2kl Hskg alrlsle]  floating
Aojzel Ay AAE =all Foz Poloet AY
+ vepd Heloh =7 Ao ¥ Mo 9.4V Yy
2o tae] Hete] F1Ete] wel Aoz i
n cfak 15~16V Aol FRI A7} deivte
AE ok &+ Uk

6. E/P(+7/ =2 2%;Erasing/Programming)
Cycle 54

28195 E/P cycleoll oH3l ¥ st wstg el

W ogelet, 27 27 Ade] FEH oAb —1.22Ve)
o mzoe g Adel T ALe 6 18VYch 13

(72)



Sy E'PROM 474 5 2 S4ol 2847

T T

P, Tnitial v =9.5v

] (3]
T T
1

THRESHOLD VOLTAGE (V)

|
[2X]
T
p
/
i

g 2 17 15
DRAIN VOLTAGE (V)

=del dskell wE TH A A

vol-

g8,
Fig. 18,

£
The
tage

Al
threshold voltage versurs drain
for erase.

A4 o & AFel A% FAWE ok WatE w4
izl 1E3wW A wel cycleo| Ayt Fol& £7]
gl Vigh 0.06V, 2w Vish 0.26V £ sllen
1E4d A= 2] cycleol o] Fola Feole =3 -zels
Vezk 0.3V, 27 gl Vizl 0,2V £015] 2. EEPROM
o 4] 4 Al =alal breakdown &
FrakalsAd £ deivtA & Afet 22 A2
asperity & ol4-8le] £A7 o FofalAl & o abs}n}
Woll HFolv} HaSe] #as]o E/P eyele 4] 28l

&} 4]

Zoll avalanche

dabel FAF Fotsl AE s o e 4
shube] Aab Aot Hde o o] EEPROMeYE
E/P cycled] Wasle e 93 24 gola 4
7l ek
- b 4
< qb 4
[P TRt . = Y, PP MRS S SR S
2
5o ]
g L 0 Programmed state i
a A = Erased state 1
Q r ~
& §
g | ]
=
Bl
| SO S - [P o
-3 A 5 L s
10t 16 103 10

NUMBER OF CYCLES

3819, 47 /=228 endurance A}eo|F
Fig. 19, Erase/Program endurance cycles.

(73)

73

V. # £
EEPROM A=F Al A< a3k gfe
viel whd 4bst
8] & A sle] ©

Ax ¥ a5

L]

Abehat2l(0,/N,)
ZAbslel e 2 A {0./N,)
Al Zbell Absbebg
. gzbslch zelz dlelw
g 9| Absnt sz
MV/mA 5 w4 vetgtn &
215 abste) Ewrt 4bdlet B4
Hog velytel ol EdE 3
o}%-g}oq sq g8 e EEPROM
ZAbshgd el
110A 2] rsi Lé%! e 2x2pmA 2
249 Lopenl o wlsleld Z2 o
4] control Ao|E ol 20~22V, 24 A AelEol
—20V == =aglel 15~16Vel Ate] sT= il
HA A7 30ms A5 o9 E/Pcycle A @
A 1E49 cyclee] A5 &9 A #ghs 0.5V
o|l5t2 ckd # MelAu), &M extension AL G4
A7 o2y el AL 2 Folsle Ha
of vehitu g oo e g A7 HAuftol shlvh

48
EETR
W2 ol el el

=3

o
rO
b

I
-3

AL

i

e

o
TH

2 £ ¥ o

[1] D. Kahng and S.M. Sze, “A floating gate
and its application to memory devices,”
Bell Syst. Tech. J. vol. 46, pp. 1288,
1967.

Jih Lien, Steve Longior, K.Y. Chang, A
high performance CMOS process for the

(21

next generation EPROM. 1EDM 84 pp.
460463,
{3] M. Lenzlinger, E.H. Snow, “Fowler-

Nordheim tunneling into thermally grown
siog,” Journal of Applied Physics, vol. 40,
no. 1, pp. 278-283, 1969.

Y. Kamigaki and Y. Itoh, *Thermal oxida-
tion of silicon in various oxygen partial
pressures diluted by nitrogen,” Journal of
Applied Physics, vol. 48, pp. 2891-2896,
July 1977.

SM. Sze. VLSI TECHNOLOGY. pp. 140-
142 published by McGraw-Hill.

4]

[5]

[6] Husg "MOS Technology Development ol
Fgled 77 AT 2 24, sn8308 KL ET, Apr.1984,

[71 S.XK. Lai, Y.W. Hu, Design of an EEPROM
Memory Cell Less Than 100 Square Micron

Technology, 1EDM pp. 468-471,1984. %



