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Abstract : Elect rical properties of high quality ult ra thin nit ride/ oxynit ride (N/ O) stack dielect rics pMOS capacitor

with ref ractory metal gate elect rode are investigated ,and ult ra thin ( < 2 nm) N/ O stack gate dielect rics with signifi2
cant low leakage current and high resistance to boron penet ration are fabricated. Experiment result s show that the

stack gate dielect ric of nit ride/ oxynit ride combined with improved sputtered tungsten/ titanium nit ride (W/ TiN) gate

elect rode is one of the candidates for deep sub2micron metal gate CMOS devices.
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1 　Introduction

The continuous down scaling of t hermal gate

oxide has encountered a series of difficulties such

as t he excessive direct t unneling current , t he

st rong tendency for boron penet ration , poly gate

depletion effect , and quant um mechanical

effect [1～4 ] . To get over t hese challenges mentioned

above ,adopting oxynit ride and high k material as

gate dielect ric have been reported by many au2
t hors. High quality Si3 N4 gate dielect ric has also

been demonst rated by jet vapor deposition

(J VD) [5 ] .

While to improve t he poor interface p roper2
ties ,nit ride/ oxynit ride stack dielect rics are used to

replace t he single nit ride dielect ric to take t he ad2
vantages of bot h t he nit ride film and t hermal oxide

film. It is well known t hat t he thermal oxide can

preserve t he excellent oxide/ Si interface character2
istics ,while t he nit ride film exhibit s about twice of

t he dielect ric constant of oxide , which effectively

reduces the equivalent oxide thickness ( EO T) ,t hat

is increasing t he p hysical t hickness , so t hat t he

t unneling leakage current is reduced greatly and

boron penet ration is suppressed st rongly.

Optimized sp ut tered W/ TiN stack ,as a ref rac2
tory metal gate elect rode , exhibit s high t hermal

stability and high process compatibility. It has also

t horoughly eliminated poly depletion and boron

penet ration and greatly decreased t he gate resist2
ance[6 ] . W/ TiN ,a midgap material ,can be used as a

gate material to fabricate bot h nMOS and p MOS

simultaneously[ 7 ] . In t his paper , characteristic of

N/ O stack gate dielect ric wit h W/ TiN gate elec2
t rode are analyzed wit h pMOS capacitors. Experi2
ment s show that t his gate stack st ruct ure has

gained excellent elect rical p roperties.

2 　Experiment

A local oxidation of silicon (LOCOS) isolated

pMOS capacitor st ruct ure of W/ TiN/ Si3 N4 / oxyni2
t ride/ n2sub was fabricated as shown schematically

in Fig. 1. The bot tom oxynit ride film ( 017 ～

018nm) was formed by oxidation of N + implanted
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silicon subst rate at 670 ℃ in N2 . Ult ra t hin Si3 N4

films (112～116nm) were deposited using L PCVD

deposition by Si H2 Cl2 and N H3 at the ratio of

Fig. 1 　Schematic st ructure of pMOS capacitor with N/

O stack gate dielect ric and ref ractory metal gate

Si H2 Cl2 / N H3 = 6/ 1 at 715 ℃, chamber p ressure

361664Pa. After thermal annealing ,35nm TiN film

was reactively sp ut tered using Ar and N2 gas mix2
t ure followed by metal W deposition ,t hen W/ TiN

elect rode pat terning and RIE. Finally , W/ TiN ca2
pacitor samples were annealed in H2 and N2 gas

mixture for 25min. In t he poly gate capacitor case ,

200nm poly was deposited by L PCVD followed by

BF2 implantation wit h doses of 115 ×1015 and 2 ×

1015 cm - 2 and R TA with different activation time.

EO T is ext racted by fit ting t he measured high f re2
quency capacitance2voltage ( C2V ) data at accumu2
lation to C2V simulation including poly depletion

effect and quant um mechanical effect [8 ] .

3 　Results and discussion

311 　Gate leakage currents

The gate leakage current s versus the gate

voltage of bot h p + 2gate/ Si3 N4 / SiO2 / n2sub pMOS

capacitors and W/ TiN/ Si3 N4 / SiO2 / n2sub pMOS

capacitors with various EO T of stack N/ O under

t he elect ron2accumulation conditions are shown in

Fig. 2 ,and compared wit h t hat of p ure oxide. Here

t he gate voltage refers to t he voltage which applies

to t he gate dielect ric (V ox = V g - V fb ) and N was

implanted at a energy of 15keV and a dose of 3 ×

1014 cm - 2 . As shown in Fig. 2 ,when t he EO T of the

capacitors is reduced to t he region where D T ( di2
rect t unneling) dominates ,t he N/ O stack gate die2

Fig. 2 　J2V characteristics of different dielect ric films

and different gate materials 　V ox = V g - V fb .

lect ric of 119nm wit h poly gate shows lower leak2
age current than thermal oxide wit h EO T of 210nm

by several orders of magnitude while t he N/ O

stack films of 117nm wit h W/ TiN gate shows more

t han one order magnit ude lower leakage current at

lower field. The reasons why oxynit ride grown on

N implanted silicon for N/ O stack gate dielect ric is

with significantly reduced leakage current are as

below :one is t hat t he oxidation retardation effect

reduces the rate of oxidation greatly ,which makes

t he oxynit ride more density , uniformity as well as

finer interface between silicon and oxide[9 ] ;anot her

is t hat L PCVD Si3 N4 wit h higher dielect ric con2
stant ,which increases t he p hysical oxide t hickness ,

can also cont ribute to t he lower gate leakage cur2
rent s. The leakage current of W/ TiN gate capacitor

with EO T 117nm is much lower than t hat of p ure

oxide wit h EO T 210nm sample at lower field. The

cause of higher leakage current of t he metal gate

capacitor is that t he EO T is 012nm t hinner than

t hat of the poly gate capacitors.

312 　C2V characteristics

The C2V characteristics of pMOS capacitors

with different gate elect rode materials are shown in

Figs. 3 and 4. A C2V simulator was used to fit t he

high f requency C2V data of t he fabricated poly2Si

gate capacitors and W/ TiN gate capacitor respec2
tively to ext ract t he EO T of the ult ra t hin dielec2
t rics. From Figs. 3 and 4 ,we can find t hat the ex2
t racted EO T of t he poly capacitor is 119nm and

t hat of t he metal gate is 117nm. The C2V curve

256
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mismatch of t he simulator and t he samples fabrica2
ted by us at lower gate voltages is mainly caused by

t he difference of t he interface charges between the

simulator and t ho se of t he samples. It should be

noted t hat alt hough t he process of fabricating the

N/ O stack dielect ric for bot h poly capacitor and

W/ TiN gate capacitor is t he same except gate elec2
t rode material , t he capacitance of t he W/ TiN gate

is much larger than t hat of poly gate as shown in

Fig. 5. The reason is t hat the W/ TiN gate capacitor

has eliminated the poly2Si depletion effect so t hat

f urther reduces t he EO T of t he N/ O stack gate di2
elect rics.

Fig. 3 　C2V fit curves for p + poly gate elect rode capaci2
tor

Fig. 4 　C2V fit curves for W/ TiN stack gate elect rode

capacitor

The hysteresis of t he C2V characteristics wit h

t he N/ O stack gate can be found f rom t he amount

of flat band shif t between two different ret race

sweep directions in high f requency C2V curves. The

hysteresis characteristic ,which reflect s t he number

of interface states ,is due to elect ron/ hole t rapping

at t he inversion mode and ejection at the accumula2
tion mode[10 ] . As t he film t hickness is reduced to

less than ～210nm ,t he amount of flat band voltage

shif t has reached to few micro voltage range , as

shown in Fig. 5. So it can be seen t hat t he hystere2
sis of C2V characteristics is very small (few mV)

for ult ra t hin N/ O stack layers and good interface

characteristic is obtained.

Fig. 5 　Hysteresis of C2V characteristics of the N/ O

stack film with poly gate and metal gate

313 　Suppression of B penetration

The samples of Si3 N4 / oxynit ride stack gate di2
elect ric show less boron penet ration t han t hat of

p ure oxide film due to t he obst ruction of t he Si3 N4

layer and t he N located in t he oxynit ride layer as

shown in Figs. 6 ,7 and Table 1. It should be noted

t hat one of the f unctions of int roducing N into t he

oxide films can be regarded as knit ting up the bro2
ken chemical bonds such as dangling bonds (O3 ≡

Si ·) and oxygen vacancy bonds ( ≡Si ··Si ≡) to

form relatively complete Si —N bond st ruct ure. An2
ot her benefit is t hat st rong Si —N bonds instead of

Fig. 6 　Effect of implantation to flatband voltage for

p + poly gate MOS capacitor with different gate dielec2
t ric

356
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Fig. 7 　Effect of RTA activation time on flatband volt2
age for p + poly gate MOS capacitor with N/ O stack die2
lect ric

weak bonds such as Si —O H , Si —H ,and Si —O in

interface of Si/ SiO2 improve the characteristics of

t he interface[11 ] . In addition ,t here is thicker p hysi2
cal t hickness of Si3 N4 film in N/ O stack. In our ex2
periment f rom Table 1 ,it can be seen that t he met2
al gate capacitor ( less t han 0115V ) is wit h the

slightest flatband voltage and t he flatband voltage

of t he N/ O stack dielect ric wit h poly2Si gate is

lower t han t hat of t hermal gate oxide. It should be

indicated t hat different BF2 implant dose in t he p +

poly or different R TA activation time also has

effect on t he flat band as shown in Figs. 6 and 7. As

shown in Fig. 6 ,t he poly2Si capacitor wit h t he N/ O

stack dielect ric has much lower shif t of flat band

voltage t han t hat of p ure oxide when t he dose of

BF2 implantation changes f rom 115 ×1015 to 2 ×

1015 cm - 2 . From Fig. 7 ,it can be seen t hat t he dif2
ferent activation time has lit tle effect on t he flat2
band of N/ O stack dielect ric capacitor . These re2
sult s show t hat poly2Si capacitor wit h t he N/ O

stack dielect ric can st rongly suppress the boron

penet ration. In addition , boron penet ration induced

low field leakage current is also suppressed consid2
erably by t he fabrication of N/ O stack wit h N im2
plantation prior to gate oxidation.

Table 1 　Different capacitor and flatband voltage

Capacitor Dose of BF2 implantation/ 1015cm - 2 R TA time/ s ,temperature/ ℃ Flatband voltage/ V

N/ O stack wit h poly gate ( EO T = 11 9nm) 1. 5 4 ,1005 0. 72

N/ O stack wit h W/ TiN gate ( EO T = 11 7nm) — — 0. 105

Pure oxide wit h poly gate ( EO T = 21 0nm) 1. 5 4 ,1005 1. 31

　　The larger capacitance as shown in Fig. 5 and

lower flatband voltage as shown in Table 1 show

t hat t he gate depletion effect s and t he boron pene2
t ration p henomenon are completely eliminated in

t he metal gate pMOS capacitor . The reason is t hat

t here are no int roduction of B ions in the metal gate

material which is responsible for inducing poly2Si

depletion and boron penet ration.

4 　Conclusion

The N/ O stack gate dielect ric is compared

with ot her films and W/ TiN gate elect rode capaci2
tor wit h N/ O stack dielect ric shows much lower

leakage current ,complete elimination of bot h boron

penet ration and poly2Si gate depletion , comparing

with p ure oxide. These result s demonst rate that ul2

t ra t hin L PCVD Si3 N4 wit h oxynit ride grown on N

implanted Si subst rate as base layer can be used as

gate dielect rics and sp ut tering W/ TiN can be used

as gate elect rode material . So t hese technologies

could be one of t he candidates for next generation

metal gate CMOS FET.
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超薄氮氧叠层栅介质的金属栅 pMOS 电容的电学特性

钟兴华 　吴峻峰 　杨建军 　徐秋霞

(中国科学院微电子研究所 , 北京　100029)

摘要 : 研究了高质量超薄氮化硅/ 氮氧化硅 (N/ O)叠层栅介质的金属栅 pMOS 电容的电学特性 ,制备了栅介质等

效厚度小于 2nm 的 N/ O 复合叠层栅介质 ,该栅介质具有很强的抗硼穿通能力和低的漏电流 . 实验表明这种 N/ O

复合栅介质与优化溅射 W/ TiN 金属栅相结合的技术具有良好的发展前景.
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