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Abstract : Breakdown voltage ( Vbd ) and charge t o breakdow n ( Qbd ) are two p arameters of ten used t o evaluate

gate oxide reliability. In t his p aper ,we investigate t he eff ects of measurement met hods on Vbd and Qbd of t he gate

oxide of a 0118μm dual gate CMOS p rocess . V oltage ramps ( V2ramp) and cur rent ramps ( J2ramp) are used t o e2
valuate gate oxide reliability. The t hin and t hick gate oxides are all evaluated in t he accumulation condition. Our

experimental results show t hat t he measurement met hods aff ect Vbd only slightly but aff ect Qbd seriously , as do t he

measurement conditions . This aff ects t he I2t curves obtained wit h t he J2ramp and V2ramp met hods . From t he I2t

curve ,it can be seen t hat Qbd obtained using a J2ramp is much bigger t han t hat wit h a V2ramp . At t he same time ,

t he Weibull slopes of Qbd are definitely smalle r t han t hose of Vbd . This means t hat Vbd is more reliable t han Qbd .

Thus we should be caref ul t o use Qbd t o evaluate t he reliability of 0 . 18μm or beyond CMOS p rocess gate oxide .
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1 　Introduction

Comple me nta ry MOS ( CMOS ) devices wit h

reduce d di me nsions a nd t hi nne r ga te oxides a re

neede d t o i nc rease integra ted ci rcuit p e rf orma nce

a nd i ntegra tion [ 1 ] . As t he hea rt of MOS devices ,

ga te oxide relia bility has always bee n a major f ac2
t or dete r mi ni ng t he f easibilit y of MOS de2
vices [ 2 ,3 ] . B rea kdow n voltage ( V bd ) a nd cha rge t o

brea kdow n ( Q bd ) a re tw o p a ra mete rs of te n used

t o evaluate gate oxide relia bilit y [ 4 ] . But t he re a re

seve ral ways t o get Vbd a nd Q bd , i ncludi ng t he use

of a voltage ra mp ( V2ra mp ) or cur re nt ra mp ( J2
ra mp ) . Esp ecially f or Q bd , consta nt volt ages a nd

consta nt cur re nts a re also used by resea rche rs a nd

e ngi nee rs [ 5 ] . I n t his p ap e r , V2ra mps a nd J2ra mps

a re used t o evalua te ga te oxide relia bility f or dual

ga te oxide CMOS p rocesses . From p revious lite ra2
t ure [ 1 ,2 ] , t he brea kdow n mec ha nism associa ted

wit h t he V2ra mp met hod is domi nate d by t he e2

lect ric f ield , w hile f or t he J2ra mp met hod , it is

domi nated by cur re nt . W he n we use Vbd a nd Q bd

as t he evalua tion crite ria f or gate oxide relia bili2
t y , t he eff ects of measure me nt met hods on V bd

a nd Q bd s hould be well unde rst ood . O ur exp e ri2
me ntal results f or t he gate oxide of a 0 . 18μm dual

ga te CMOS p rocess s how t hat t he measure me nt

met hods aff ect V bd only slightly . B ut Q bd is se ri2
ously af f ecte d by t he measure me nt met hods a nd

conditions . The reason f or a bove p he nome na is

p rop osed below .

2 　Experiment

The devices used t h roughout t his st udy were

3nm t hick oxides f or low2voltage devices ( t hi n ox2
ide ) a nd 6 . 7nm f or high2voltage devices ( t hick

oxide ) of nMOS a nd p MOS cap acit ors , a nd all

have a n a rea of 1m m2 . These devices we re p re2
p a re d by Hua hong N EC Elect ronic Comp a ny wit h

a sta nda rd 0 . 18μm dual gate CMOS p rocess . V bd
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a nd Q bd we re measured on a n H P 4071 se micon2
duct or p a ra mete r a nalyze r wit h t he aid of PD Q2
WL R sof twa re . The brea kdow n p oi nt was detec2
ted wit h t he SIL C met hod f or t hi n oxide . Meas2
ure me nt results we re a nalyzed usi ng t he Weibull

dist ribution .

3 　Results and discussion

V bd 　a nd Q bd a re tw o p a ra mete rs of te n used

t o evaluate gate oxide relia bilit y. The re a re seve r2
al met hods t o measure V bd a nd Q bd . I n t his p ap e r ,

we use t he V2ra mp a nd J2ra mp met hods . The two2
p a ra mete r Weibull dist ribution is usually used i n

data dist ribution a nalysis . For a f ixe d value x ,

t he re is a f ixed p roba bilit y F. As a f unction of x ,

F is give n by

F = 1 - exp ( - ( x/η)β)

l n ( - l n (1 - F) ) = βln ( x/η)

w hereβis t he s hap e p a ra mete r a nd ηis t he cha r2
acte ristic value of x. If t he l n (2ln ( 12 F) ) ve rsus

l n x curve is availa ble , t he slop e of t his linea r

curve is justβ. The grea te rβis , t he bet te r t he dis2
t ribution is . W he n l n (2l n ( 12 F ) = 0 ( or F =

01 632) , t he value of x is just η, t he c ha racte ristic

value of x.

Figures 1 a nd 2 s how t he Vbd Weibull dist ri2
bution of t hi n oxide nMOS a nd p MOS cap acit ors

i n one waf e r obtai ned usi ng t he V2ra mp a nd J2
ra mp met hods . From t he f igures , it ca n be see n

t hat t he re is no big dif f e re nce betwee n t he results

of t he two measure me nt met hods . The Weibull

slop e is rela tively la rge a nd t he f it li ne s hap e is

good. For a t hick gate oxide ,si mila r results ca n be

f ound . Figures 3 a nd 4 a re t he V bd dist ribution of

t hick oxide nMOS a nd p MOS cap acit ors .

V alues of Qbd f or t hi n oxide cap acit ors ob2
t ai ned usi ng t he J2ra mp a nd V2ra mp met hods a re

s how n i n Figs . 5 a nd 6 . Some big dif f e re nce i n Q bd

ca n be f ound betwee n t he tw o met hods . The Q bd

obtai ned wit h t he J2ra mp met hod was much big2
ge r t ha n t hat wit h t he V2ra mp met hod. Furt he r2
more , t he Weibull dist ribution curve is not as good

as t hat of t he a bove V bd . Also , si mila r results a re

availa ble f or t hic k oxide nMOS a nd p MOS cap aci2
t ors ( Figs . 7 a nd 8) . The Weibull slop es of Q bd a re

def i nitely s malle r t hat t hose of V bd . This mea ns

t hat Vbd is more relia ble t ha n Qbd . So we should be

ca ref ul w he n we use Q bd t o evaluate ga te oxide re2

Fig. 1 　Vbd Weibull dist ribution of t hin oxide

nMOS cap acit or wit h J2ramp and V2ramp

Fig. 2 　Vbd Weibull dist ribution of t hin oxide

p MOS cap acit or wit h J2ramp and V2ramp

Fig. 3 　Vbd Weibull dist ribution of t hick ox2
ide nMOS cap acit or wit h J2ramp and V2
ramp

lia bilit y of a 01 18μm CMOS p rocess . I t is bet te r t o

use V bd as t he evalua tion crite rion .

From t he a bove results , it ca n be f ound t ha t

measure me nt met hods aff ect V bd only slightly. But

Q bd ca n be se riously af f ected by measure me nt

met hods a nd conditions . We supp ose t hat t his re2
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Fig. 4 　Vbd Weibull dist ribution of t hick ox2
ide p MOS cap acit or wit h J2ramp and V2
ramp

Fig. 5 　Qbd Weibull dist ribution of t hin oxide

nMOS cap acit or wit h J2ramp and V2ramp

Fig. 6 　Qbd Weibull dist ribution of t hin oxide

p MOS cap acit or wit h J2ramp and V2ramp

sults i n dif f e re nt cur re nt ve rsus ti me curves f or

t he J2ra mp a nd V2ra mp ( Fig. 9) . From Fig. 9 , we

ca n see t ha t f or t he V2ra mp curve t he cur re nt is

ve ry small at low voltages . The cur re nt i nc reases

dra matically just as t he voltage app roac hes V bd .

Fig. 7 　Qbd Weibull dist ribution of t hick oxide

nMOS cap acit or wit h J2ramp and V2ramp

Fig. 8 　Qbd Weibull dist ribution of t hick oxide

p MOS cap acit or wit h J2ramp and V2ramp

Fig. 9 　Current versus time curves of J2ramp

and V2ramp

B ut f or t he J2ra mp curve , t he cur re nt i nc reases

li nea rly wit h t he cur re nt source until t he st ress

f ield reaches t he brea kdow n f ield . Thus Qbd f or

t he J2ra mp was much bigge r t ha n t ha t f or t he V2
ra mp . I n Fig. 9 ,ΔQ is just t he dif f e re nce betwee n

t he Q bd obtained by t he J2ra mp a nd V2ra mp

met hods . However f or V bd , i t is nor mally dete r2
mined by t he brea kdow n elect rical f ield ,so meas2
ure me nt met hods af f ect it only slightly . At t he
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sa me ti me , t he Weibull slop es of Q bd a re def i nitely

s malle r t hat t hose of V bd . This mea ns t hat V bd is

more relia ble t ha t Q bd . Thus we should be ca ref ul

w he n we use Q bd t o evaluate t he gate oxide relia2
bilit y of a 01 18μm CMOS p rocess . I t is bet te r t o

use V bd as t he evaluation crite rion .

4 　Conclusion

I n t his p ap e r , we i nvestiga te d t he gate oxide

relia bilit y f or dual gate oxide CMOS p rocesses

wit h t he V2ra mp a nd J2ra mp met hods . The ef f ect

of t he measure me nt met hods on V bd a nd Q bd was

conside re d . O ur exp e rime ntal results s how t hat t he

measure me nt met hods af f ect V bd only slightly . B ut

Q bd ca n be se riously af f ecte d by t he measure me nt

met hods a nd conditions . This results i n dif f e re nt

cur re nt ve rsus ti me curves of J2ra mp a nd V2ra mp

met hods . At t he sa me ti me , t he Weibull slop es of

Q bd a re def i nitely smalle r t ha n t hose of Vbd . I t is

bet te r t o use V bd as t he c rite rion t o evaluate gate

oxide relia bilit y of a 0 . 18μm CMOS p rocess .
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用不同方法评价 0. 18μm CMOS 工艺栅氧击穿电压和击穿电量

赵 　毅1 ,2 , 　万星拱3 　徐向明1 　曹 　刚1 　卜 　皎1

(1 上海华虹 N EC 电子有限公司 , 上海　201206)

(2 日本东京大学材料系 , 东京　113 - 8656 , 日本)

(3 上海集成电路研发中心 , 上海　201203)

摘要 : 利用击穿电压和击穿电量这两个参数评价标准 0 . 18μm CMOS 工艺栅氧的可靠性 ,获得击穿电压和击穿电
量的两个常用方法是电压扫描法和电流扫描法. 对用这两种方法得到的击穿电压和击穿电量进行了对比. 通过对
比 ,发现测试方法对击穿电压的影响非常小. 但是测试方法却可以在很大程度上影响击穿电量. 用电流扫描法获得
的击穿电量要比用电压扫描法的要大 ,这一差别可以从两种方法不同的电流 - 电压曲线中得到解释. 同时 ,通过考
察 Weibull 分布的斜率还发现 ,击穿电压值的分布斜率要比击穿电量大的多 ,而且曲线拟合得更好. 这说明用击穿
电压获得的分析结果更可靠. 综合以上结果 ,可以认为对 0. 18μm CMOS 工艺可靠性评价而言 ,击穿电压是比较合
适的评价指标.

关键词 : 栅氧可靠性 ; 击穿电压 ; 击穿电量 ; 电压扫描 ; 电流扫描
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