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Boron ion implantation for d ge ta rninat ion of A Wn-Si Schon ky diodc has k - n studied to enhance thc breakdown
vo1tags of t he diodes. I on energ s of 30 and 5O keV were adopted to achieve edge-term inated Schon ky d iodcs. Four
dos s of 1 ¿ 10± , 1 ¿ 10l4, 1 ¿ 1015 and 1 ¿ 1016 B ctn- 2 wet-c U- d for each eno w - T he Schon ky diodes M th d gc

terminat ion show much h i- er breakdown Voltagcs than the diodes without edgc terminat ion if the ion dosc is con-

t rol lcd . For instar- c the d iodes t reatd M th low dos s achieve high breakdown Voltagcs while the diodcs with high
dos s of 1 ¿ 1015 and l ¿ 10l6 B ctn - 2 easily fai l at low voltages show ing early breakdown and high current lCR ag -

A Ä oM it- to the result s n om cur rent- Voltagc (f- n the cu rrent leakage is re sorted to re t-lt f rom deep level defects
introduÄ d by B ion implantation and the leakage at a ro w sc bias of - 40 V is maintained low up to an elevated
tcrro w an - c of 1@É . @ 20M Elsevier Sci¤ 1Ä B.V . A ll Hgin s I-S CH ed -
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1. I r¤- £dRu t h -- and have very fa t switching times and no reverse
rc overy current Ì . I n recent ycars, si l icon cam idc
has received more at tent ion as the potential ma-

tern 1 for a wide var iety of high power devices
[24 ]. Si l icon Schon ky diodes are scverd y limitcd
by the low crit ical Held which is only
6 ¿ 105 V cm - l when thc A u/n-Si diodes have an
n-typ doping cotu turat ion of 1 ¿ l 0l7 cm- 3 [5] .

1n the case of high voltage devices, the cdge ter -

minat ion plays a cr ucial role M detcrm ining the

A Schon ky barrier diodc is thc least complex
power device. 111 general , Schon ky diodes are of
interest bc a tsc thcy arc m¦ ority carr ier deviccs
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breakdown voltages. A 1ok et al . [6] successful ly
tr ied to OmanÄ thc block ing voltage of SiC
Schon ky diodes from m 0O to 1400 V by an edge
termination tc hm. - using cr¤ - ct ic A r ions with
3O kev - A Ä OM it- to their results, the breakdown
vol tage increased with the employed A r dosc.
T hei r process is simply sev e ng 1ed to the Schon ky
contact bc ause the Schon ky metal acts as a mask
preventing daft- gc utu - thc contact ¼ . H owcv-
er , the ion beam-induced edge terminat ion on Si

Schon ky diodes has never been repor ted a d it is
worthy of investigat ion . 111 this paper , we report
our resul ts on the optimum implantat ion condi-
t ions for the ion beam-induÄ d edge termination M

A tVIPSi Schon ky diodes.

Back Contact

Fig. 1. Cross-sectional v iew of a A tV-1-Si Schon ky d iodc

implantd w ith bo ron ions for edgc terminat ion .

samples without the dot pattern were prep¤ cd by
anna - - 120 m -thick A u on n-Si wafer-s at the

same temperatures. Fig. 1 shows a schemat ic
crosse - t ion of the Schon ky diode str ucture fab-

ricated by B ion implantat ion for testing. T o study
the e& ct of the cdge terminat ion on the break-
down vol tage of the Schon ky diodes, reversc cur-
rent-N m age (f - ± measurements were pcr formed

using a TektrotHx Curve Tm Ä r 3704A Reverse
biased capu t- ¦ - voltage (C- n measurements
wcre also done to ch- k the n-type doping con-

cent rat ion of thc substrate using a f l ewlet t P- b
ard capacitance meter (rnode1 4284A ).
U nimplanted refer- 1Ä sample is found to have an
average donor concentrat ion of 4 ¿ 1015 cm- 3

which is in consistence with thc resist ivity value.

2. Exper iment

N -t ypc Si sam p les ( 1 Q o n ) have been u sed t o

f abr icat c t he Sch on k y d i odcs. B o r on ion w as Sc-

lea d fo r cd ge term in at i on t o cna iv e- sup p¤ ss

the eHect of Heldc r ow d i ng al t ho ugh ot her ion

sp ecies w er e a lready d em onst r ated fo r the sam e

purp osc on SiC Sch on k y d i odes [8] . Pr i or to t he

ed ge ter m in at ion by bo r on i on s, ap p r ox i m at ely
500 nu t-t h ick A u -d ot s (300 pm -d iam et er ) w ere

dep osi ted o n n -Si as a p at t er n f o r t h c im p a n at ion

m ask . T hen , t hc A u -p at ter ned Si w as im p lan tcd at

r o om tem p er atu r e w i t h ener gies o f 30 a d 50 k eV
B i on s t o f ou d oses o f 1 ¿ 10± , 1 ¿ 1014, 1 ¿ 10 15

an d 1 ¿ 10 l6 B a ry¤ - B lan k im p l an tat i on w as also

p er fo r m ed in to bar e n -Si w afer s t o k u sed Ä

r efa ct- es, SO that t h e cr ystal l ine dam age of each

Un d a ted San- l c m i - t be m easured b y M eV
4H e2+ b ack s at ted q / channel m g sp ct r ot-- t r y -

T hc im p l an tat i on m er g es w er c in t en t io nal 1y cho -

sen acco rd i ng t o T R I M -95 sim u lat io n , SO t hat t he

io ns m igh t be com p letely st opped by t hc A u m et al

m ask f or the Sch ou ky rc. m . I n or der t o st udy t he
t her m al st ab i l ity of t h i s edge-term inat i on in term s

of cu r ren t leak age, t hc Schon ky d i odes w erc an -

ne- ed in a n m og- 1 am b ien t at tem per atu r es of
160oC , 350oC an d 500oC f or 30 m m . L ar ge area

back si de con t acts w er e f o r m ed u si ng ind ium p ast e.

A u t her m al d i m - i o n af t- anncal i f. th e d i odcs at

160É , 350É a d 500É w as ch ar act er ized by

M eV back scat ter in g sp ect r om et r y fo r w h ich test

~

3. Results and discussion

T hc t yp ical revet-Sc f - ¸ ch aract er ist ics f o r im -

p l an ted a d t111im p l an tcd A Wn -Si Schon k y d i od es

are sh o w n m F ig . 2 (a)Í b ) . c - Yes 1, 2 , 4 and 5 m

F ig. 2(a) p resen t t hc rever se cu r ren t leak age an d

the b reak d ow n v ol t age o f th e Scho n k y d iodes

i111M an ¤ d w i th a B i on ener gy of 30 k eV t o d oss
o f 1 ¿ 10 13, 1 ¿ 10 l4, 1 ¿ 1015 an d 1 ¿ 10 16 g n - 2,

resp Ä Uve- - T he cu r ve 3 is f o r a refer-- 1cc Sch o -

t t k y d i ode t hat has no t been im p lan ted . T h is cu r ve

is rcfer red t o as th e un ter m inated d io dc. T he

br eakd ow n p o in t i s den ned by t he vo l t age w h ere

r ¬
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thc leakage current begins to increase sha- ly - The
breakdown vo1tagc of thc t111terminated diode is
found to bc 216 V . The break down voltages of
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t erm i nat ed di o des o f cu r ves 1 and 2 are 386 and

330V , r esË d ive- , w h i le t hose o f the d i odes in

cu r vcs 4 an d 5 are 166 a d 20 V Ä sh ow n in F i g.

2(a) . T he cu r r en t k ak age p r i o r t o b reak d ow n op
cu - i n g in t hc cu n e 1 i s abou t 1.5 ¿ 10- 3 A m æ

w h ile th at m t he c- Ye 3 i s 5 ¿ 10- 2 A a n æ .

D u r in g the d i ode act i on , t he ed ge ter m inat io n
com nes t he cu r ren t -pat h w i t h thc h i P r esi st ive
regio n as sh ow n in F ig . 1. T he leak age of t he ter -

m in at ed d i od es is on e o rder l ow - t han t h at o f t hc

u n term in ated d i ode. H ow ever , i f t he ir-- 1atn at ion
d ose i s over 1 ¿ 10 l5 Ctn - 2, t h ose beneHt s in t erm s

of b ot h the leak age a d b reak do w n behav i or-s

sÄ m to be l ost . T hcse elect r ical beh av i o r-s arc

co m m ed in F i g. 2(b ) * ou · t he sam p l es im -

p lan t ed w i t h t he B io n s o f 50 k cV t o t h c sam e
ser ies o f d oses. T h e b reak d ow n v o l t ages of t a nu -

nated d i od es o f cu r ve 1 an d cu r ve 2 M F i g. 2(b ) are

337 and 268 V , w hi le t h o se v ol tages m cu r ves 4 and
5 are on ly 150 and 83 V , r esp a t i- - . A s t he im -
p lan tat i on d ose increases up t o 1 ¿ 1015 cm - 2,

these eHect s arc again 1ost .

I t i s in terest in g t o no te th at t he eHc ts On t¤ edge

t erm i nat ion ar e N on o- - ed on ly m t he l ow d oses
o f 1 ¿ 1013 an d 1 ¿ 10 l4 a tt . - Par t icu lar l y , t he best

resu l t is f r om thc sa n d e im p lant cd w i t h t hc low est

d o se f o r w h ich t hc b rcak dow n occu r s at 386 V w i t h

the low leak age. I t i s w el 1 k n ow n that t he r egi on

SH r ou d in g t he d cp lcHo n zonc o f a m et al Scho n ky

d iode shou l d b e d c t r ic- - r esist ive and al so t hat

/ - ¢ ¢

Voltage (reverse bias, V )

F i g . 2 . R ev e r s c u r r e n t - v o l t a g e ( F ± c h a r a c t e r is t i c s f o r a n

t H Um p h n t d A d n - S i S c h o n k y d i o d e ( CUR e 3 ) a n d t h e d i o d e s

i m p l a n t d t o d o se s o f 1 ¿ 10 ± ( CU R e 1) , l ¿ 10 l 4 ( CU R e 2 ) ,

l ¿ 10 15 ( c u r v e 4 ) , l ¿ lm0w 1m6 ° nÍ -î 2 (kc£ u£w Ir±.v c 5± ) w i t h t h e i m p l a n t a t i o n

e n e r g i e s o f (°a®) 3M 0 a n d (. bM) 5m 0 k e v -

O.5 O.O O.5

E ne rg y (M eV )

F ig. 3. T he 2 M eV 4H Ò+ ´ 1 0 Oµ channeling spa tra for unimplanted sample and samples implanted to dine- m dog s of 1 ¿ 10 l3,
1 x l 0 l4, 1 ¿ 10 ± and 1 ¿ l 0 l6 ctn - 2 w it h an implan tat ion enc. y of 30 kev -

/ - ¢
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Fig. 4 . P1o ts o f B ion dose ves - t he average current leakage of
t he B im plan ted d iodes at a reverse bias of - 40 V . T he samples
were implanted w i th t i- - doses of l ¿ 10± , l ¿ 10± and
1 ¿ l 0 l5 Ctn - 2 and t hen annealed fo r 30 min in N 2 ambient . (T I )

room temperature, (% ) l M É £ (D ) 350É and ( % ) 5M É .

m ak ing t he r eú on m ore resi st i ve is m ore desi rab le

fo r t he cdgc ter m in at io n [8] . A s sho w n m £ e M cV
4H e2+ ´ 1 0 Oµ ch annel ing SE CH a of F ig . 3, the

sam pl es im p lan ted t o h i ¨ d oscs o f 1 ¿ 10 15 an d
1 ¿ 10 l6 o n --2 ex h i b i t h i - Cr chann el ing y iel ds du e

t o t hc im p l an t at i on -in d ue d dam ages t h an the U-

im plan ted sa nd e o r t he sam p les w i t h t he low d oses
of 1 ¿ 10 13 and 1 ¿ 10 14 ctn - 2 w her e t he ch annel ing

y iel d s are t oo low to d i st in gu i sh one an ot her . I t

sim p ly m ean s t hat t he h i - er the d ose t he l a ger the

cry sta l l in e d am age. 1n sp i t e On t¤ p lai n f act that the

, - -¢

¢ ¯

m or e dart- gcd layer m - t be e1c t r ic- - m ore re-
sist iv e, t he l ess dam aged o nc i s fo un d m o t-c favo r -

ab le i n OW exper i m en ta1 Sch ou k y d iodes. I t is

h igh ly p ro bable t h at t he h i ¨ densi t y M Uu - m u u s
and v acancies ex ist a deep d onor s and accep t o r-s
ncar- m e en d o - -angc (E O R ) r cú on att ¤ im p l an -

tat i on a i nd icated by an ar r ow in F ig. 1 pan i cu -
1ar-- w hen the im p l an t ing d os i s h ip - T hey t r ap

elc t r o ns at the d Ä p level s and d eact i vate the p - -

ex ist in g sh all ow don or s, bu t t hc t r app ed elc t r ots

w in be re1eased to m n un der a h iÈ elect r ic Held .

A s t h e Hcl d i ncreases, t he dep l et i on zone o f the

d iode expan d s t o con t act m ore o f t h is E O R Ä Ï on
w here t he dÄ p level def c t s ex i st . I t is und er -

sta d - 1e th at t he gener at io n cu r r en t s du e t o t h e
car r ier release cau se t he M gh CUI-- n t k ak agc bef ore

b reak d ow n o r lead t o t he car ly b reak d ow n f ai lu - -
C om par-cd t o th e h i ¨ d o se case, t h c l ow dose

im N a tat i on lead s t o a l ow densi ty o f deep defc t s

cven t hou gh i t rcsu l ts M a less resi st i ve region . A
t rade-OH bet w een t he defect densit y and the resis-

t Wi t y in th e im p l an ted r e× on shou ld be m adc to
deter m i ne B d oses f or an op t im um cdge te m i r- -

t ion t o ach ieve th e h i - est b reak dow n v ol t age and

the low s t cu r r en t leak age.

F i g. 4 exh i bi t s a p lo t o f B ion d o se ver su s t he
average cu r r en t leak age of t he B -im p lan ted d io des
at a r ev¤ sc b ias o f - 40 V af ter t he sam p les im -

p lan ted w i t h 3O k eV B ion s have bÄ n anna led f or

3O m m m an N 2 am bien t . T he cu r r en t leak age of

Fig. 5. T he 2 M cV 4H e2+ backscat ter ing sp¤ - a for test samples of l 20 n-n-thick A u on a unimplantcd n-typ Si . T ho. samples were

annealed at an N 2 ambient fo r 30 min.
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t hc San - 1es ann ealed at 160£C seld om changes

w i th resp - t to t h ose of as-Und a ted San- lcs. B u t
i f t he an neal ing tem p er at u r e incr eases over 350£C ,

al 1 t hc sam p les excep t f o r t h e one im p lan ted w i t h

the 1ow est B dose sh ow m uch i ncr eased k ak a-
lo sin g tha r- t her- - l stab i l i ty . T h i s degr adat i on o f

t herm al stab£ ty m ay be bc au se the t herm al di L

f - i on of A u atom s m ay act as a sou rce f o r t he
deg adan on of m etal/ n -Si Sch on k y j un ct ion , p ar -

t icu lar ly w h en h i gh d en si t y o f i n ter mi t ia1 Si at om s

m ist s near thc A u h y ¤ - T he A u d i m s - n is
p r oved by t he M eV 4H e2+ b ack scat t er i ng spÄ t r a

of F ig . 5 w her e t h c spect ra arc ob ta i ned b y an -

ne- m g t est sam p les o f 120 fund i - k A u on n -Si at
1600C , 350£C and 500£C f or 30 m m . N o v i s- 1c

d im . - n of A u i s ob scr-w d f r om t he sam p le an -

m aled at 160É w h i le t hc d im -Si on i s d ear ly Ob -

sew ed f r o m th e sam p l es an x¤ - ed at h igher

tem per atu res.

age. A h i ¨ do se i m p l an tat i on i n t r odu ces a h i gh

densit y of dcep lev d defect s near t he E O R regio n
w here t rap ped car r ier s are r cleascd un der t he con -

d i t io n s o f h® elect r ic Od ds- I n the p r esen t dose

con d i t i o ns, t he l ow d ose im p l an t at i on resul t s i n the

eOc t¤ e edge t er m i nat io n in t ro d uci ng 1ess am ou n t
o f t he deep d cf c s even though i t m ak es lcss r e-

sist ive rc× on su r ro u nd i ng th e Sch ou k y d i ode t hm

t he h i ¨ dose i111N a t at ion does. T he cu r ren t
leak age at a rever se b i as o f - 40 V i s m ai n tain ed l ow
u p t o an elevated t em p er atu r e of 160£C .
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4. Conclusion

I n sum m ar y , B ion im p lan tat ion h as been per -
f or m ed w i t h f o u do ses o f 1 ¿ 1013, 1 ¿ 101%
1 ¿ 10 15 and 1 ¿ 10 16 ctn - 2 t o i nvcst igat e thc op -

m um d ose co nd i t i on fo r t he ed ge ter m i nat i on of
A W n-Si Sch on k y d i odcs i n t erm s d Ote b r cak dow n

and rever se leak agc p r op er ti es. T he Scho n k y d i -

odes w i t h ed ge t er m i nat i o n sh ow m uch h igher

b reak d ow n v o 1tages t han th e d i odcs w i th ou t cd ge

term inat i on i f thc i o n dose i s con t r o l lcd t o a l o w
d ose r e× m e. T he d i odcs w i t h h igh d oses o f 1 ¿ 10 l5
an d 1 ¿ 10 16 B cm - 2 easi ly fÕ l at l ow v o l tages

sh ow ing ear ly b reak d ow n and high cu r ren t leak -
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