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Chapter 1

Fig. 1-1 The exaggerated thickness variation as a function of position on wafer
for O, and N,O-grown gate dielectrics.

Fig. 1-2 Vg as a function of position on wafer for (a) O, and (b) N.O-grown
gate dielectrics with gate electrodes implanted and annealed as
indicated. The thickness nonuniformity illustrated in Fig. 1-1 results
in a large Vg variation on those samples with substantial boron
penetration.

Fig. 1-3 Nitrogen AES depth profiles of 8-nm-thick oxides nitrided at 950, 1050,
and 1150°C for 60 s. The arrow indicates the position of the Si/SiO2
interface. The nitrogen concentration increases monotonically as
nitridation proceeds.

Fig. 1-4 Hydrogen SIMS depth profiles-of 8-nm-thick oxide nitrided at 950 and
1150°C for 60 s. The arrow. indicates the position of the Si/SiIO2
interface. The hydrogen concentration increases monotonically as
nitridation proceeds.

Fig. 1-5  Nitrogen concentration near the Si-SiO, interface [N]in; versus

nitridation time for oxides nitrided at 900, 950, 1050, and 1150°C.
[N]int increases monotonically as nitridation proceeds.

Fig. 1-6 Hydrogen concentration [H] versusnitridation time for oxides nitrided
at 900, 950, 1050, and 1150°C. The dashed arrow and e in the figure
indicate the effect of re-oxidation at 1150°C for 60 s following a
nitridation at 950°C for 60 s.

Fig. 1-7 (a) The flat-band voltage shift AGgs and (b) the increase of midgap

interface state densityAGim by 0.1C/cm? electron injection versus
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nitridation time for oxides nitrided at 900, 950, 1050, and 1150°C. The
dash arrow and e in each figure indicate the effect of re-oxidation at
1150°C for 60 s following a nitridation at 950°C for 60 s. While AVgg
increase monotonically as nitridation proceeds, AGim shows a

turnaround.

Fig. 1-8 SIMS profiles of (a) N,O oxynitride grown at 950°C, (b) NO oxynitride

processed at 950°C.

Fig. 1-9  Normalized quasistatic C-V curvesfor both p*-poly and n"-poly MOS
capacitors with different gate dielectrics. The drive-in anneal was
performed at 900°Cin N, for 18 or 60 min

Fig. 1-10 Time-dependent dielectric breakdown (TDDB) distribution for p*
-poly gated PM OS capacitor s under.+Vg gate bias stress.

Fig. 1-11 The schematic of boron diffusion from-the heavily doped p'-gate into
the gate dielectric and. substrate interface region for conventional
SiO, gate dielectrics (a) .and- interaction of the boron with the
nitrogen at theinterface for the NO nitrided gate (b)

Fig. 1-12 SIMS profiles of nitrogen (N) and oxygen (O): (a) Nitrogen peak is
located at SI-SIO, interface. (b) Despite the substantial increase in
oxide thickness, the nitrogen profileis essentially unchanged. (c) New
nitrogen peak hasformed at the new Si-SiO, interface position.

Chpter 2

Fig. 2-1 Experimental Flow.

Fig. 2-2 nMOSFET structrre.

Fig. 2-3 SIMS profile of oxygen and nitrogen distribution of (a) 70 A and (b)

25A oxynitride.



Fig. 2-4 High-frequency C-V characteristics of p*-gated MOS capacitor for
ultrathin oxynitride (23A) and conventional oxide (30A) with different

annealing times.

Fig. 2-5 Growth time for dry oxidation versus physical thickness of oxide for
conventional dry oxidation and oxynitride processes.

Fig. 2-6 Gate leakage current density versus gate bias for freshn-channel
devices at room temperature.

Fig. 2-7 Gateleakage current density versuselectric field of purethermal oxide
and oxynitride.

Fig. 2-8 Hystersischaracteristics of oxynitride film with EOT=24A.

Fig. 2-9 |-V characteristicsat varioustemperature.

Fig.2-10 (a) 1d-Vd characteristics_(b).Gm and Id-Vg characteristic of for

oxynitride Nmosfet.

Fig. 2-11 Compared electron-mobility with oxynitride and oxide measured by
split-CV method.

Fig. 2-12 Vthroll off characteristic'of oxynitride.

Fig. 2-13 Subthreshold swing of deviceswith different channel length.

Fig. 2-14 Vth Weibull distribution in oxynitride and conventional oxide.

Chapter 3

Fig3-1 Basic measurement method for (a) CVS (b)HCI

Fig.3-2 () 14-Vg4 characteristicsfor n*-gate nM OSFET s before stress and after
stress 1000 s at 25 °C with oxynitride.

Fig.3-2 (b) 14-Vq4 characteristics for n*-gate nMOSFETSs before stress and after
stress 1000 s at 25 °C with conventional oxide.

Fig.3-3 (@) Threshold voltage shift , and (b) Interface trap density shift as a
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Fig.3-4

Fig.3-5

Fig.3-6

Fig.3-7

Fig.3-8

Fig.3-9

nction of stresstime which compar es oxynitride with oxide.

SILC under constant voltage stress during different (a) voltage stress
and (b) time stressfor oxynitride film.

(a) Threshold voltage shift , and (b) Interface trap density shift with
different temperaturein oxynitride.

Comparison of intrinsic lifetime projection for oxynitride film in
different temperature.

substrate current versus gate voltage with channel lengths of 10um ,
5um nd 0.35um.

(&) Threshold voltage shift, and (b) Interface trap density shift with
different HCI methods

HCI lifetimefor oxynitride.

Fig.3-10 (a)Threshold voltage shift, and (b) Interface trap density shift as a

function of stresstimewhich-comparesHCI with CVS.

X1l



