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Abstract : A new lif etime cont rol technique2localized platinum lif etime cont rol (L PL C) is int roduced. Silicon sam2
ples are implanted wit h 550keV p rot ons at dosages f rom 1 ×1013 t o 5 ×1014 cm - 2 . Subsequently ,platinum diff usion

in silicon is p erf ormed at 700 or 750 ℃f or 15 or 30min , resp ectively. Then t he in2diff used platinum int o damaged

regions of t he p rot on2implanted silicon is investigated by use of deep2level t ransient sp ect roscop y (DL TS) . Finally ,

f or all of t he L PL C samples , t he dist ribution of t he in2diff used substitutional platinum agrees well wit h t he damage

dist ribution resulting f rom t he low2dosage p rot on implantation. Also , t he diodes show a very low leakage cur rent e2
ven at elevated temp eratures w hile keeping t he major advantages of ion ir radiation devices ,including low turn2off

loss and sof t recovery.
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1 　Introduction

Ion i r ra diation has bee n widely used i n se mi2
conduct or device tec h nologies . O ne of t he mai n

f ields of i nte rest is local lif eti me cont rol , w hich

ca n i nt roduce recom bi nation ce nte rs wit h a con2
t rolla ble def ect dist ribution a nd rep rese nt t he

moder n tec h niques f or op ti miza tion of elect rical

p a ra mete rs i n p ower devices . The major a dva nta2
ges of ion i r ra diation devices a re t he re duction of

t he reve rse recove ry p a ra mete r , i . e . , t rr , wit h a

la rge recove ry sof t f act or S a nd wit hout i ncreas2
i ng t he f orwa rd voltage drop . Howeve r , t hese i m2
p rove me nts of elect rical p a ra mete rs a re usually a t

t he exp e nse of a n i ncrease i n t he reve rse lea kage

cur re nt a nd result i n a st rong i nf lue nce of t he

te mp erat ure on t he device p e rf or ma nce [ 1 ,2 ] .

A not he r way of int roduci ng recom bi nation

ce nte rs is by t he i n2dif f usion of t ra nsition metals ,

such as Pt a nd Au. I n p a rticula r , usi ng Pt dif f usion

t o f a bricate p ower diodes ,we ca n op ti mize t he re2

ve rse i n2diff usion recove ry p a ra mete r t rr wit hout a

re ma r ka ble increase in reve rse lea kage cur re nt .

U nf ort unately , t his dif f usion of Pt at oms will p ro2
duce eve nly dist ributed def ect p rof iles , f i nally re2
sulti ng i n a snapp y recove ry ,i . e . , a small recove ry

sof t f act or S[ 3 ] .

Ion i r ra diation is also widely used i n t he p ro2
duction p rocessi ng of t he moder n se miconduct or

devices t o re move undesi ra ble conta mi na nts , such

as A u a nd Pt f rom t he active regions of t he de2
vices . These conta mi na nts may lea d t o high lea k2
age cur re nts a nd sof t reve rse cur re nt2voltage cha r2
acte ristics . The re moval is accomplis hed by t rap2
p i ng t he conta mi na nts a t get te ri ng sites , w hich

have bee n p roduce d by ion i r ra dia tion a nd a re lo2
cated away f rom t he active regions [ 4 ] .

Ma ki ng use of t his get te ri ng p he nome non ,

t his p ap e r f or t he f i rst ti me de monst ra tes t he p os2
sibilit y of f a bricati ng high2p ower silicon diodes

wit h localize d Pt dop i ng by t he use of low2dose

p rot on i mpla nta tion . Thus , t his tech nique , w hich

is called localized p lati num lif etime cont rol
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(L PL C) ,p ossesses bot h t he a dva ntages of t he ion

i r ra diation tech nique a nd t he conve ntional p la ti2
num dif f usion tech nique , a nd t he ref ore si multa ne2
ously has a ve ry low lea kage cur re nt , very small re2
verse recovery parameter t rr , and very large recovery

sof t f actor S.

2 　Experiment

All our sa mples a re p + 2n2n + silicon p la na r di2
odes . The sta rti ng mate rial is n2t yp e F Z〈111〉Si .

The B conce nt ration of t he p + region , of 41 5μm

t hick ness as measured by sp rea di ng resist a nce

met hods , va ries f rom 4. 43 ×1017 t o 1 ×1014 cm23 .

For L PL C sa mples , a 150nm2t hick PtSi laye r is

p roduce d by sp ut te ri ng a nd sinte ri ng ( 300 ℃,

60 mi n) on t he p + side . The n , L PL C sa mples a re

i mp la nted at room te mp erat ure wit h 550keV p ro2
t ons at doses ra ngi ng f rom 1 ×1013 t o 5 ×1014 cm22 .

B y use of S RIM ( st opp i ng a nd ra nge of ion i n

mat te r) si mulation sof twa re ,we f i nd t ha t t he p ro2
jection ra nge of t he p rot on p a rticles is 61 85μm ,

w hich f or ms t he maxi mum region of t he vaca ncy

def ects as get te ri ng sites i n t he n2base region close

t o t he a node junction . The region is most f avora2
ble t o eleva te elect rical p a ra mete r cha racte ristics .

The dop i ng p rof ile of t he L PL C sa mples a nd t he

si mulated dist ribution of p ri ma ry da mage2vaca n2
cies resulting f rom 550ke V p rot on i mpla nta tion

a re show n i n Fig. 1 . A nneali ng is p e rf ormed at 700

or 750 ℃f or 15 or 30 mi n resp ectively , allowi ng Pt

t o dif f use i nt o t he Si f rom t he PtSi laye r .

Fig. 1 　D oping p rof ile of t he p2i2n diode wit h t he car2
rie r concent ration versus dep t h and simulated dist ribu2
tion of p rimary radiation damage2vacancies ( dashed

line) generated by 500keV p rot on implantation

The ref e re nce sa mple of ion i r ra diation is

f a bricated by p rot on i mp la nta tion at t he sa me e n2
e rgy a nd dose as t he L PL C sa mple ,w hich is called

t he HI sa mple . For t he ref e re nce sa mple f or con2
ve ntional Pt dif f usion ,w hich is called t he PL sa m2
p le , a PtSi laye r is also f ormed on t he p + side

f i rst , a nd t he n Pt i n2diff usion is ca r ried out a t 700

or 750 ℃f or 6h .

DL TS measurements are made in a PC2controlled

setup ,which basically consists of a 1M Hz capacitance

bridge ,a 50M Hz pulse generator , and a liquid nit ro2
gen bath into which a sample holder is placed ,operat2
ing in the temperature range of 77～350 K. DL TS sig2
nals are acquired with nine rate windows simultane2
ously ( between 20 and 5. 12ms21 ) . A pulse length of

10ms is chosen so that the t raps can be completely

filled with charge carriers [ 5 ] .

3 　Results and discussion

Figure 2 s hows t he DL TS measure me nts of all

of t he L PL C sa mples , a nd only t he e mission signal

p ea k of substit utional p lati num ( Pts ) app ea rs .

From a detailed a nalysis of t he e mission rate

en ( T) ×T22 ,we de rived t he value of t he deep2lev2
el f or t he i nt roduced def ect , ET = EC - 0 . 23eV
( EC , ET de note t he e ne rgy p ositions of t he con2
duction ba nd edge , a nd a ny deep level , resp ective2
ly) . This value is i n good agree me nt wit h t hat ob2
t ai ned by Evwa raye [ 6 ] . Of course , a ref e re nce

sa mple was f a bricate d wit h a n alumi num Sc hot t ky

contact , w hic h ha d no p rot on i mpla ntation . As

shown in Fig. 2 ,no emission peak on the same scale as

the L PL C samples is observed f or this sample. Clear2
ly , the emission signal peak of Pts appearing in the

L PL C samples is due to the p roximity gettering of in2
diffusion Pt resulting f rom p roton implantation.

Fig. 2 　DL TS sp ect ra showing t he measurement wit h

100ms rate window t o comp are our novel samples and

Al Schot t ky diodes 　The novel sample is implanted

wit h 550keV p rot ons at a dosage of 8 ×1013 cm22 and

annealed at 700 ℃f or 15min.
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Figure 3 shows the depth p rofile of the in2diffu2
sion Pt of the L PL C sample. From the figure , we can

see the in2diff used Pt dep th dist ribution is app roxi2
mately congruous with that of vacancies created by

hydrogen implantation. Thus we can be sure that the

vacancies have served as gettering sites to result in the

f ormation of localized Pts.

Fig. 3 　Concent ration versus dep t h p rof iles of t he

platinum accep t or t rap at ET = EC - 0123eV af ter

550keV/ 8 ×1013 cm22 p rot on ir radiation f ollowed by in2
diff usion of Pt at 700 ℃f or 15min

Af te r t he DL TS measure me nts , we teste d t he

elect rical p a ra mete rs of all of our sa mples , inclu2
di ng t he reve rse recove ry p a ra mete r t rr , reve rse

lea kage cur re nt at 125 ℃I R , a nd reve rse recove ry

sof t f act or S.

Figures 4 a nd 5 give t he t ra de2of f of t rr2 I R

a nd t rr2S f or t he L PL C sa mples a nd ref e re nce

sa mples (i . e . HI a nd PL sa mp les) , resp ectively.

Figure 4 clea rly s hows t hat t he L PL C sa mple

realizes a bet te r t ra de2off of t rr2 I R t ha n t he ref e r2
e nce sa mp les . This is i n good agree me nt wit h si m2
ula tion results obtained by Wu [ 7 ] , w ho comp a red

elect rical p a ra mete rs of localized p lati num devices

wit h ion i r ra diation , conve ntion p lati num dif f u2
sion devices .

Figure 5 clea rly s hows t hat t he L PL C sa mple

realizes a bet te r t ra de2of f of t rr2S t ha n t he PL

sa mple , a nd t he sa me t rr2S t ra de2of f as t he HI

sa mple . This is also i n good agree me nt wit h si mu2
la tion results obtai ned by Wu [ 7 ] .

4 　Conclusion

The local dist ribution of Pt was realized i n

t he sta nda rd p rocess of a high2p ower p2i2n diode

wit h be nef its of signif ica ntly lower lea kage a nd a

Fig. 4 　Trade2off curve of I R versus t rr f or our novel ,

PL ,and HI samples t rr 　I F = 1A , V R = 30V , d i/ d t =

- 20A/μs , R T

Fig. 5 　Trade2off curve of t rr versus S f act or f or our

novel , PL and HI samples t rr and S 　 I F = 1A , V R =

30V , d i/ d t = - 20A/μs , R T

la rge r recove ry sof t f act or , w hile conse rvi ng t he

s malle r reve rse recove ry ti me . Also , t his is t he

f i rst ti me t ha t Pt dop i ng has bee n i nt roduced by

use of t he get te ri ng p he nome na of H + i r ra diation

def ects i n a p2i2n Si diode . A dditional tests of bet2
te r op timizing p a ra mete rs a nd relia bilit y a re cur2
re ntly being develop e d t o op e n a new way t owa rd

a n ideal high2p ower Si diode .
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高压二极管中局域铂掺杂的寿命控制新技术 3
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摘要 : 提出一种寿命控制新技术 ———氢离子辐照缺陷汲取铂局域寿命控制技术 . 所有样管首先进行能量为
550keV ,剂量为 1 ×1013～5 ×1014 cm - 2的氢离子辐照 ;接着分别进行 700～750 ℃, 15～30min 的退火 ,以完成铂在
硅中的扩散和氢离子辐照缺陷对铂原子的汲取. 随后 ,所有样管进行了深能级瞬态谱仪测试 ( DL TS) ,以得到缺陷
汲取后样管中的铂浓度分布. 最终 ,所有样品都得到了与氢离子辐照缺陷具有相似分布的局域铂浓度分布. 同时 ,

与现有的整体寿命控制技术和氢、氦离子辐照局域寿命控制技术相比 ,局域铂掺杂样管具有反向恢复时间小、反向
恢复软度因子大和漏电流极小的优点.
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