
Opt imum B+ implantat ion condit ions for the edge terminat ion

I. lNTRODUCTlON i o n i m p l a n t a t i o n f o r e d g e t a n u n a t i o n i s t h a t i t i s a s c l f -

a l i g n e d p r o c e s s w i t h t h e S c h o n k y m e t a l a c t i n g Ä a m a s k

p r e v e n t i n g i o n - i n d u c e d d a m a g e u n d e r t h c c o n t a c t -8 U n d e r a

r e v e r s c b i a , ± g hM lb y rÄeÄ sô iBmsdß tui±vº c lhaUy± caa 1rB .s w i t h a c e r t a i n t h i c k n e s s

pw rmOÌ 1nmtn1mOÆt. c t h e r e d u c t i o n o f t h e e d g e ed lkeË C um iÒc H e l d . A l o k e r a f -

u i e d t o i n c r e a s e t h e b l o c k i n g v o l t a g e o f S i C S c h o n k y d i o d c s

f r o m m 0 O t o 1 4 M V b y t h e e d g e t e r m i n a t i o n t e c h n i q u e u s -

i n g e n e r g e t i c A r i m p l a n a t ¤ n w i t h 3 0 k e V .9 O n t h e o t h c r

h a n d , t h e i o n - b e a n - i n d u c e d e d g e t e r m i n a t i o n f o r S i S c h o n k y

d i o d e s h a s b c c n r e c e n t l y r e p o r t e d M d t h e r e s u l t s s h o w t h a t

i n c r c a s i n g b o r o n ( B ) d o s c m a y d c g r a d e t h e b r e a k d o w n p r o p -

c n i e s o f t h c d i o d e s . l 0 . n I n t h i s a r t i c l e , w e r e p o r t t h e c x p e r i -

m e n t a l M d s i m u l a t c d r e s u l t s o n t h e i m p a c t o f B i o n i m p l a n -

t a t i o n o n t h e e d g e t e r m i n a t i o n c h a r a c t e r i s t i c s M d o f f e r t h c

o p t i m u m c r ¤ - y a n d d o s e c o n d i t i o n s f o r t h e e n h a n c e d b r e a k -

d o w n p r o p e r t i e s i n t h c A W n - S i S c h o n k y d i o d c s i m p l a n t e d

w i t h B i o n s .

Pow er scmi conductor dcv ices pl ay m important role in

the rcg n at ion and dis- - uti on of M gh clect¤ pow er and

energy. I n general , Schon ky diodes M e of i nterest Ä the least

complex pow er devices. T hey have f ast sw i tchi ng ti mes w i th

no reverse recovery cu1Tents bccause they operate w i th only
m¦ or ity ca n es -l In recent years, si l i con carbide (SiC ) hÄ

recei ved sU nm a nt attenti on due to i ts potential for a w idc
vari ety of M gh pow er dcv ices,2- 4 even though the cost of

SiC i s much hi ghcr than that of si l i con (Si ) . T hat i s because

Si Schonky di odcs are severely l i m i tcd by the low cHti cal
Held -5 Si r- c the m ax i mum electHc Helds arc usual ly f ormed

near the contact cdge of the Schonk y md al - the edge termi -

nation m ay be m i mpor tant technim- to improve the break -

dow n Voltagcs of Si or SiC Schonk y di ode - In order to tak e

ful l advantage of the edge ta nunation - several techniques,

such as the usc of diff used p a d r ings or Held p lates, have
been suggestcd for Si pow er devi ccs.6.7 A l though these tech-

niqucs have m adv antage on the breakdow n char acteri stics

of Si Schonky di odes, t i- - f abri cati on processcs have an

int¤ - nt di fHcul ty bccau se they requirc m addi tional mask
M d preci se al i - ment . In a Si C Schon ky device, an ion i m -

pl antati on technique f or cdge ta nunation has bcen proposed
and anal yzed-2- 4 Thi s tcchtuque i s b ascd upon the form ation

of local ly resi stive layers at the per iphery of a Schon ky con-

tact usi ng M gh dose i on i mp lantat ion . T he ma n advantage of
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n-typc Si ( 100) w afcr substratcs U Q cm ) w ere uscd to

fabri cate the Si Schonky diodes. Boron (B ) w a sd eck d f or
edge termi nat ion to eHeCUR ly suppress the Od d-crow ding

cHect at the contact cdge al though other i on species w erc

al ready demons- atcd for thc same pum osc on SiC Schon ky
diodes. ± Pri or to i mp lanting the B ions, 500 nm thick A u

dot s (300 p m d ame- 0 w ere depositcd by tha m al evapora-

tion at room temperature as an implantat ion mask and
Schonky metal . N cx t , thc A tm an- ncd n - Si w Ä i mpl antcd

at room tem peraturc w i th 30 kcV B ions at four doss of 1
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of the Au/ n-Si Schon ky diodes
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B oron i on i mp lantation f or edge termi nation w as per form ed as a si mp le technique to h ym n - thc
breakdow n charad e - u cs in A u/ n - Si Schonky diodes. Four doses of 1 ¿ 10 1% 1 ¿ 10 l4, 1 ¿ 10 15,
a d 1 ¿ l 0 l6 B ctn - 2 w ere i m pla ud at thc ion cr¤ - y of 3O kcV. T hc Schon k y di ode impl antcd

w ith the dose of 1 ¿ 10 ± B ctn - 2 show s thc best edgc termi nat ion characteri stics. I n addi t ion, 20 ,

4O, a d 50 keV ion cne- - s w e- al so adopted to invest- atc thc inn - nccs of i mpl ant ation energ s
on cdge term i nati on in the Schon ky di odes. T he a m ent - Vol tagc mcast- a nent resul ts show that thc
di odc impl anted w i th 1 ¿ l 0 ± B ctn - 2 at 3O kcV ha the hi ghest brca dow n vol tage of 386 V w hi le

the diode treated at 20 keV has the abrupt breakdow n at onl y 150 V . L eak age cur-tÉnts at the rever se

bi as are attr im - d to thc deep l cvel def ¤ ts introduced by i on i m pl antation. U sing tw o-di mensional

simulation, i t i s Ven ncd that the anom alou s breakdow n pItm a n- m i n thc diode imp lanted at 2O kcV

testd t from thc high electr ic Held near the A u contact edge. @ 2@ 2 A mer ican Lh eat-,,, Sod d y-

[D 0 I : 1O.1116/ 1. l 458953]
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FIG. 2. Schematic cross sÄ tion of a B ion-bea n treated A tah-- Si Schonky

diode. B ion impl antat ion in- d uces both the U gh- resisti ve layers m d the

E0 R defect region to the diode.

FIG. 1. M e- U- d m eme f - V characterist ics for ti- unimplanted A Wn-Si
Schonky diode M d the diodes implanted w ith doses of 1 ¿ I on - 1¿ 10149

1 ¿ l 06 s and 1 ¿ l 0 16 B ctn- 2 at the ion eneq y of 30 kev -

~

to increase shar ply. T hc break dow n Vol tagc of thc unim -

plantcd diode i s f ound to be 2 16 V f rom CUR e 3. The break -

dow n vol tages of term i nated diodcs (curvcs 1 a d 2) MC 386
a d 330 V , rs pca - el y, w hil e those of the dim s rep¤ -

sented by curvcs 4 m d 5 Me 166 and 20 V as show n in Fig .

1. T he k ak age current pHor to btea dow n oco u n t- m curve
1 i s ab ut l 5 ¿ 1o - 3 A cm - 2, w hi lc that in cur ve 3 i s 5

¿ 1o - 2 A ctn - 2. D uring thc diodc opcration- the implanted

hi gh-resi sti v i ty reØ on Comi nes thc current-path cM U mm y-

T he k ak age of thc ta rnm ated diodes i s onc ord¤ low - thm

that of the utno mi na- d d iodc . H ow CVer. i f the impl antation
dose i s over 1 ¿ l 0 15 CUte - tho se bet¤ nts such Ä the low

k ak agc cu - nt M d Mgh brcakdow n vol tage g em to bc lost -
I t i s i ntcresting to note that thc cHe s of thc cdgc tÔ -

nati on aª pronounced only in the l ow doscs of 1 ¿ l O± and

1 ¿ l 0 l4 cm - 2. Par ti cul ar-1y, the best edgce n tum - d charac-

tw i stic i s show n in the di odc implantcd w ith thc low est dosc.
T hc diodc w i th doses of 1 ¿ 10 l3 ctn - 2 show s that the break-

dow n occur s at 386 V w i th a low leakage level . I n spi tc of

thc i ntui t ion m at thc m ore dam aged layer m ust bc el cd u call y

more resi sti ve, thc lcss dantagcd one i s found to bc m orc

f avorable i n OW exper im ents. I t i s M ghly prob¤ lc that the
high densi ty of i ma g i n al s and vacar- - s exi st Ä dccp do-

nors M d acccMors ncar thc end- - angc (EO R) region w hen

thc u gh-dose implantat ion i s aPPI- d. T hey tmp clcctrots at
thc decp level s causi ng deactivation of thc pree xi sti ng shd -

low donor s, but thc trapped cl - trot-s w i l l bc rel m s d to * iH
undcr a M gh d ec¤ i c Held . A s the rO Ct-Ä Vo ltagc inc¤ a cs,

thc dcpld i or1 arca of thc d iodc cxpa ds to contact mo- of

thi s E0 R regi on w I- - the dccp level dcfccts m i st . I t i s

under standable that the gcna a- d currents due to thc relm scd

cam a s cause the Mgh current leakage before breakdo w n M d

l ead to the carly f ai lu- - Com pared to thc h gh dose case, thc

low dosc i m p ¤ man or1 la ds to a low do tsi ty of dccp defects

cvcn though i t resul ts i n a lcss Ä si g i ve rcn on- A tradcoIf
bem a t thc dcfect do tsi ty M d thc resi sti vi ty in thc im-

pl antcd rcgi on should be m ade to da d mi t- B ion doss for
an opti m um edge to ftHnation to achieve thc highcst bred -

dow n Vol tagc and thc low cst k ak agc CtUrd u - Fis t- 2 is thc
scho natic cross sccHon of the A M p Si Schonky diodc, i l lus-

trati ng thc io tm a mm a - cd cdgc termi nation and thc cxi s-

tcnce of thc E0 R res on-

~

¿ 10 1% l ¿ 10 14, 1 ¿ l 0 15, M d l ¿ l 0 l6 B CUt- - Other ion

enc± es of 20 , 40 , a d 50 keV w cre al so em ployed at a dosc
of 1 ¿ 10 ± B ctn - 2. I ndium w as appl ied on the back side of

thc substrate to form m ohmi c contact . The crystal l ine dm -

ages prod¤ cd by i on i mplantati on w cre m easured by M eV
4H c2+ back sca teHmË hm ncl ing spectrometr y. T he chant- l -

ing SÁ CÜ show cd that i ncreasing B do se mono tonic- ly i n-
cra ss the channel ing y i cld at the impl anted regi on of Si --u

To study thc eHects of the cdge ta nunati on on thc break -
dow n Vol tagc in the A uh - Si Schonky di odes, 1ÉVet-Ä

current - Vol tagc d - V ) measurem ents w e- per f orm ed usi ng
a TcKu m-i x C t- VC Tracer 370A . Capaci tance- vol tage mea-

surements w erc al so per formed to check thc m typc ca n er

concentrati on in thc substrate of the Schon k y d iodcs usi ng a
H ew la t - Pack ard capach a - c mete - (modcl 4284A ) . Thc un-

Und a ted diodc f or refcrem e i s found to have a donor con-
cen- anon of 4 ¿ 10 15 Ctn - 3, w hi ch i s consi stcnt w i th i ts re-

S1St 1V1ty.
Thc ion i mpl antation si mulator TRM -95 and the tw o-

di rna s ion- proccss si mulator TSUPREM4 w i th the impl ant
dam age and thc poi nt dcfa ts m odd s-lH 4 w cre uscd to cal-

culate i ntersti t i al and vaCa to com o ½nat ions in thc A £ n - S1

Schonk y diodes. B ased on the pm ccss simul ati on Ä sul ts, w c

analyzed dcvice char acter istics of the Schonk y dim s using
£ C dcvicc simul ator M DIG .--

HI . R E S U LT S A N D D lS C US S l O N

A . Eff ec t s of B io n d £ se

The m ean t- d reverse f - V character i sti cs for implantcd

and unim pl anted A £ n - Si Schon ky dim s are show n in Fi g.

l . e w es l , 2 , 4 , M d 5 in Fi g. 1 presa H thc k ak a- cur rents
at the rcw t-sc bi as and thc break dow n vol tages of thc

Schon ky dim s im pl antcd w ith the B ion energy -of 3O kcV
to the doses of l ¿ l 0 ± , l ¿ I On - 1 ¿ l o o - and 1

¿ l 0 l6 cm - Z, respectivel y. Cur ve 3 i s f rom the Schonky d -

ode that w as not im planted for compari son . T hi s cut-VC 1S

refer- d to as the unimplanted diodc . T he brcak dow n voltage
w as den t¤ d by the voltage w ho -e thc k akage cur rent begins

~

J. Vac- Sci. Technd . B, Vd . 20. N£. 2, Mar/Apr 20O2
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FIG. 3. Measured reverse f - V characteristics for the unimplanted AWn- Si

Schonky diode M d the diodes impla tted at the ion energies of 2O. 3O. 4O.
M d 50 keV with dose of l ¿ 1013 B cm- 2.

FIG. 4. Damage distribution simulated by TRN a - EOR region is denned as
m end region beyond level of vacancy concert- anon ( 1 ¿ 10 I8 cm- x) M d

highly resisti ve insulator is above the level .

contours of i on-bea n i nduced i nsul ator s w hich havc morc
than l ¿ 10 l8 cm - 3 vacat- - s. It cl early show s that thc

highly resi sti ve or insul ati ng lay ers expand w i th increasi ng

1on cnerg s -
Simpl i f y ing the h ghly rcn a ive lay er gco tt- - y Ä a red -

m - la i nsulator, w e have obtained three-dimensi onal di stri -

but ions of the cla nk Held ncar the contact edge 8 show n i n

Fi g . 6. M a y w orks i ndicated m at thc spacc charges M d
clea r- Helds at thc boundar y of the ion-im planted region

must be considered w I- - the dielect¤ cong a u changes.

A ddi t ional ly £ C m a cri d d iHcfence bctw ccn Si a d Si 0 2
m ay al so aH cct thc device cham ctcUs k s- Theref orc the Ie -

a n ts * Om our si m ul ations presa ucd hcrc should provide a
relati ve cornpart son among the structures w i th d iHero n ion-

energy condi t i ons but do not prov ide ab ou tc numbers. The

-£ , N .£ .- - £) ô ½ «OO
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B . E f f e c t s o f B i o n e n e r g y

T h c m c a s t - - d r e v ¤ s c f - V c h a r - - r i s t i c s o f t h c A W n - S i

S c h o n k y d i m s i m p l a u d w i t h B i o n s a t 2 0 9 3 O , 4 O , a n d 5 0
k e V t o a d o s c o f 1 ¿ 1 0 ± c t n - 2 M e s h o w n i n F i g . 3 . T h c

h i g h e s t b r e a k d o w n v o l t a g e o f 3 8 6 V i s o b t a i n c d f r o m t h c

d i o d e i m p l a n t e d a t m e f t a g y o f 3 0 k e v - I n t h e c a s e o f t h c

d i o d c i m p l a n t c d a 2 O k e V , t h e l o w e s t e n c . y i n t h i s w o r k , m

a b r u p t b r c a d o w n o c c u r s a t a b o u t 1 5 0 V w h i l e t h e l e a k a g e

c u r ¤ n t i s l e s s t h a n t h a t o f m y o t h c r d i m s - T h c d i o d c s i m -

p l a n t e d a h i g h e r i o n e n c . - s s h o w h i g h e r b r c a d o w n v o l t -

a g e s t h a n 2 1 6 V , w h i c h i s t h e b r e a k d o w n V o l t a g c o f t h e U -

i m p l a n t e d d i o d e . F i g u r e 3 a l s o s h o w s t h a t t h c d i o d c p r e p a r e d

w i t h t h e B i o n c r ¤ - y o f 3 0 k e V h a s a h i g h e r b r c a d o w n

V o l t a g c b y a b o u t 5 O V t h a n t h e d i o d e U n m a n c d a t 5 0 k e v -

F o r t h c a n a l y s i s o f t h c k a k a g e CU I - n t b e h a v i o r s a c c o m -

p a n i e d b y t h e b r e a k d o w n c h a r a c t e r i s t i c s i n t h e s e d i o d e s , w e

s i m u l a t e d t h e b e a n i n d ¤ c d d a m a g e p r o m e s u s i n g t h e T R M -

9 5 i m p l a n t a t i o n s i m u l a t o r Ä s h o w n i n F i g . 4 . h s i m p l y s h o w s

t h a t t h e v a c a n c y p r o m e s a c d e p e n d e n t u p o n t h e B i o n

cam¼nm1.¦ ca¿ tr±.g y . A s s u m i n g t h a t t h e E 0 R r e × o n i s d e n t ¤ d a s a

r Û o n b o o n d a c e r t a i n l c v c l o f v a c a n c y c o n c e n t m u o n
( 1 ¿ 1 0 18 C t n - 3 ) M d a r e s i s t i v e i n s u l a t o r r c Í o n i s p h y s i c a l l y

a b o v c t h i s l e v e l , t h c i n t e g r a t e d a m o u n t o f v a c a n c y d c f c s

b e y o n d t h e E 0 R r e g i o n b e c o m e s l a r g o - Ä t h e i o n e n c . y

i n c r e a s e s . T h i s s u g g e s t s t h a t t h e d i o d c s H e a t e d w i t h t h e

l o w e r i o n e n e r g y s h o u l d h a v c I o w a - l e a k a g c s d u c t o l o w e r

a m o u n t s o f d e e p l e v e l d c f a t s - A c c o r d i n g t o t h i s h y p o t h e s i s ,

i t i s u n d o s t a m a b l e t h a t t h c d i o d e i m p l a n t e d a t 2 O k e V h Ä

t h e m i n i m u m l c v e l o f t h c l e a k a g e Cu m a n - H o w e v e r , t h e

T R I M - 9 5 s i m u l a t i o n d o e s n o t d i r e c t l y e x p l a i n t h e a n o m a l o u s

b Ä a k d o w n i n t h c d i o d c i m p l a n t e d a t 2 O k c V , a l t h o u g h i t

s u p p o r t s t h e r CSU I t t h a t t h e d i o d e h a s t h e l o w e s t k a k a g c l e v e l

b e f o r e t h c b r e a k d o w n .

I n o m . - t o c x p l a i n t h c u n c x p a t e d b r c a k d o w n c h a r a c t e r -

i s t i c s i n t h e d i o d e i m p l a n t e d a t 2 0 k e v - Ppw trm.DOÄ CÄ cÄ Ss S a n d d* co V± iËCÄ
e

s i m u l a t i o n s w e r e pê ewr° fÃoÆrnmTnm1nm1. cd d u s i n g TB S· U PÚ Rò Em hMM4* -4 M d M E D I C I

s i m u l a t o r s . T h e t w O. -dd£ ih1mn c¢ 1nm1Bmsô i¦ oÆ1n1ua¾l p r o c e s s s i m u l a t i o n u s i n g

TB S U PÑ R Em PMMd. -4 w a s p c r f o n n e d b Ä e d o n t h e r e s u l t s f r o n t T R I M - 9 5

s i m u l a t i o n . F i g u r e 5 i s t h c S u n d a - d r e s u l t s s h o w i n g t h c

FIG. 5. Two-dimension. contour l ines of vacancy concentration ( 1
¿ l 0 ± cm- x) for the diodes implanted at 20. 30, 40. and 50 kev - Those

have been simulated by TSUPREM4 .

JVST B - Micmelectm nics and Na mmeter St ructures
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F1G. 6. Three-diffu s ion- distributions of the clem - nelds formed at 2M V in the A Wn- Si Schon¸ diode - n ose have k en simulated by MEDICI: (a)

without Um laut- layers; (b) with Um lau t- layers having the thickness of O.144 p m: (c) w ith Um laut- layers ltan t- the thickness of 0.194 Pm: M d (d) with
iIN Hau l- layers having the thickness of O2 73 p m.

tw o-dimensional si mul ation w as per formed by MEDICI under

thc fe verse bias condi t i on of 200 V. T he i nsu lati ng laycrs of
thc diodcs i mplanted at 2O, 30. and 50 kcV w crc approxi-

mated to thc si l icon di ox ide layers hav ing thick - sscs of

O. l 449 O. l 94 , and O2 73 p m . rs pca - ely, bccats c those lay-
er s havc vacancy concentrations high- - than l ¿ l 0 l8 cm - x

as show n in Fig. 5. Fi gu- 6(a) show s that thc unimplantcd
d iodc has the max i m um electr i c Hd d of l .Ì ¿ l O7 V / C111 at
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cdge ta nu nat ion of A tm ¤- Si Schonk y diodes. The Schon ky

diodes w i th edge termi nati on havc much higher break dow n

vol tages than thc diodes w i thout edge termi nat ion , i f the ion
dosc i s control led at a low -dosc Ä d yne- Im pl antati on usi ng

M gh dog s and h gh ena g es of thc B ion i n- d uces a M gh
densi ty of deep level defects ncar- £ C E0 R region w It- e

trapped cam a s aÄ released undo app lied el- - i c Hclds.

T he abr upt breakdow n at the diodc i m pl anted at the low est

energy, 2O keV , occuts at onl y 150 V because thc very M gh

e1ccM c Hcld i s concentrated at the contact edge Ä a tu n

resi sti ve l ayer i s created near the periphery of thc A u contact

by thc i on imp lantat ion. T he MEDICI si mul ation show i ng thc

d isum m on of ela - - od ds suggests the hi gher ion enc- y

for the ettha tced breakdow n property, bea usc thc hi gher
erc . y i ons m ay creatc a tu cker i nsulati ng l ay - - T he TRIM-
95 simu lati on prop scs the low er energy of ion for thc cn-

hat- cd leak age propett y- C onsidering both the si mulation

M d expo hym n al resul ts, i t i s conch- cd that there i s m op

th rum - range of ion enc. y f or m eHed ive edge term i nation.

I n the prcsent study, the op ti mum condi ti on of k ak age m d

break dow n pro- my i s acqui ted * Om thc diode implanted
w i th 30 kcV B ions at a dose of 1 ¿ 10 13 cm - 2.

the contact edge w hi l e the n d d rapi d ly dec- - cs to the nat
level of 0 .62 ¿ 107 V / cm Ä the contact region moves aw ay

from thc contact edgc . T hi s resul t show s that the brca dow n

in a Schonk y diode or i ginates f rom the contact cdgc due to a
local l y Mgh electri c Held . Fig -res 6 (b) - 6(d) show that the

diodcs w i th the i nsul ati ng thicknesses of 0 .144 , O.194, m d
o .273 P m have the m axi mum d ea r- Gelds of 22 1 ¿ 107,

0 .97 ¿ 107, a d 0 .73 ¿ 107 V / cm at the contact cdge, Ä spec-

ti v cl y.
I t i s noted that the m ax imum d ec¤ i c Hd d of thc diodc

w ith i nsul ati ng l ayer s of 0. l 44 P m i s m uch higher than that
of the tmund a ned di odc . H ow ever, the diodes w i th i nsulat-

ing l ayers of O.194 M d O.273 Pm have low er el ectr ic Hel*

at thc contact edge than the ugli fy- l a ud di ode. Thc results

show n i n Fi g. 6 i ndi cate that a maxi m um el- - ic Held at the

contact edge i ncteases Ä the thickncss of insulati ng l ay ers
decra ss - A ccordi ng to these resul ts, the degraded brcak -

dow n propert ies Me exp¤ - d at the diodc w ith a tu n insu-
lati ng lap t¤- w hi le the diode w i th a rd ati vely tu ck insul ati ng

layer should have eHa th c cdge-term i nation character i stics.
I t has not bcen rcpor ted but i s i ntcresting that the tu n i nsu-

lati ng laycrs f orty- d at the pen d ¤ ry of the contact m ay se-

ri ousl y deten or- - break dow n character i stics of thc Schon ky

diodes under a cer tai n thickness.
From the previ ou s analy si s, i t i s c lear ly explained w hy the

earl y break dow n occurs at 150 V i n thc diodc impl anted at

20 kev - I n thi s diode, thc sharp incteasc of electri c Held tak es

pl ace at the contact cdgc, because thc created humlau t- l ayer

i s too thin. It mea ts that the diodes w i th tu ck insul ati ng
layers Me cxpa ted to have M gh break dow n voltages. H ow -

ever, the experimental re sul ts of Fi g . 3 Me not exactly the

sa ne Ä £ e expe u t- n f rom the si mulati ons. From thc

si mulati on resul ts. the diodes i m pl anted at thc higher i on

energ s should have the thickcr i nsul ati ng layers M d higher

breakdow n Vol ta- s Ä w el l . I t i s not necessari ly m e in thc

cases of the di odes i m planted at Mgh ion energies over 30

kev - The diode i mp l anted at 50 k eV show s sli ght ly low er

brca dow n vol tage than the onc implanted at 40 keV, w hi ch

has about 370 V as the break dow n poi nt . T hc bcst rca n t of

386 V comes f rom the diodc imp lantcd at 3O kcV . These

resul ts V C due to the Mgh da s h y of dcep level defects i n thc
E0 R reí ons Ä show n i n F i g. 4. A s thc revetse b ias in-

creases up to cri t i cal points in the edg e rmi na- d diodes,

l arg e leak age currents are generated w i th thc help of the

vacanc¤ s M d ima g i n als near the lateral and vm ical EOR

re³ on bef ore thc actual break dow n. I t i s thus corn u a cd that

¼hc breakdow n vo ltage m ay not monotonicall y i ncrease w ith

£ e B ion energy, m d m optimum ion energy m i sts- I t i s

because thc higher ion cr- - y i nd¤ cs not onl y the tu ck er

resi st- c layer but al so the hi gher densi ty of thc EOR dcf c s

in a diodc.
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