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Dependence of Low-frequency Noise and Device Characteristics on Initial
Oxidation Method of Plasma-—nitride Oxide for Nano-scale CMOSFET
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Abstract

In this paper, two kinds of initial oxidation methods ie., SLTO(Slow Low Temperature Oxidation:
700 C) and RTO(Rapid Thermal Oxidation: 80 C) are applied prior to the plasma nitridation for ultra
thin oxide of RPNO (Remote Plasma Nitrided Oxide). It is observed that SLTO has superior
characteristics to RTO such as lower SS(Sub-threshold Slope) and improved Ion-loff characteristics.
Low {frequency noise characteristics of SLTO also showed better than RTO both in linear and
saturation regime. It is shown that flicker noise is dominated by carrier number fluctuation in the
channel region. Therefore, SLTO is promising for nano-scale CMOS technology with ultra thin gate
oxide.
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Fig. 2. Cross—sectional TEM image of
MOSFET fabricated with 90 nm CMOS
technology. (a) X-TEM image, and (b)
HR-TEM image of gate oxide region.



3= WHESLTO: Slow Low  Temperature
Oxidation, 700 C)3 RTPE o| &3}l 1ol
wzA A4 A7le $HRTO: Rapid Thermal
Oxidation, 850 C)& A& 4. =g o Ad
EHRE UAsL7] A3t A2/=4% d 94l Halo
o] 2FYL HEsgn A22/=d9  extension
P sidewall TAHE AX F L£2/=dUS
BAstATh £33 CoSiz$t Al-metallization &3-S
A sgeh

AL EMOSFET?| 53728 w 74 (TEM: Trans-
mission Electron Microscope) @HEE 1¥ 29
Zonf, AolE ol AolE 4tslwre] FAE
Z+2t %k 70 nm¢e 187 A dg& ¢ F Ytk
2Ae A7IEA EAQL wmRA 42z 247
(Agilent 4156C)E ol &3l 2d sslow,
Flicker noise 4% 43 AT IF&35A
A1 2:1(BTA9812B)& ©]&3}9) DUT(Device Under
Test)oll 93 BAHE AF AL FE39 1,
AL 2~HEHL Agilent 4156CY B4 A&
471 (HP8Y410A) & o83t &4 s Hrh

z7] st ¥4 g e =dH9d HF -
Alo]2 A (Ips vs. Vgs) 5AE vms ¥y
7Y 3% 7o) NMOSFET® PMOSFET =%
SLTO ®He]l RTOe H3]  Subthreshold
slope(SS)37} DIBL (Drain Induced Barrier
Lowering)o] 7IAEE & F Utk &, AE
e dEE ZHg AR £499 A9
Aol 12 EBEAY  ofdly 77}
NMOSFET®9] Z <4 RTQ = 830 oA SLTO =
842 mV/decE2 EoEJLH, PMOSFET
Z$-ofl&= RTO = 89.6 oA SLTO = 86.0 mV/dec
22 ZiaHEe AL A $ QY. DIBLY
7 $9% NMOSFETel tis RTO = 100 mV,
SLTO = 80 mVE F&3Fon, PMOSFETY
ZA$olE= RTO = 100 mV, SLTO = 90 mVZ
& HAUU ¥ 4% Po] &7 A
A3 wE& MOSFETY s Adf-dddsm
(Insar vs. L) 54< Hlma] 2 NMOSFETH
B¢ ALdA zgA AFAZL SLTO 4-%7}
RTO9 Y& ¢F 15 mA/mm A%, PMOSFET+
¢ 5 mA/mm A= EIFAFI AHES A &
F AAde=d ole 1Y 39 dne F dXNTgS

A7 AAA 783 =2, 208 A1E, 20073 1Y

10 -—
NMOSFET
—_ | Solid : Linear
£ 10" Open : Saturation S
<
— 10° [
=
S |
31" SLTO
£ - RTO
[Ty
a0 —Parameter DIBL.
. SLTO 84.22mV/dec 80mV
0" : RTO  87.98mVidec 100mV
0.2 0.0 0.2 0.4 0.6 0.8 1.0
Gate Voltage [V ]
(a)
PMOSFET |
-+ Ry S

- 10 s D Solid : Linear
E
-
< 10°
=
o
£t 10°
3
Q
£ —e— —0— RTQ
g 10} Parameter ss

SLTO -85.98mVidec -90mV
RTO  -89.56mVidec -100mV

10 08 06 04 0.2 0.0 0.2
Gate Voltage [V ]

(b)

ad 3. AlelE At wE =l AF SA
(a) NMOSFET, (b) PMOSFET.

Fig. 3. Drain current vs. Gate voltage of (a)
NMOSFET and (b) PMOSFET.
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Fig. 4. IDsat-loff characteristic of (a) NMOSFET
and (b) PMOSFET.
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