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Abstract　T he effect of the lateral cu rvatu re upon the b reakdow n vo ltage fo r a p lanar junction

is invest igated in th is paper. Based on the app rox im ation of the effect ive junction cu rvatu re

w h ich is determ ined by the junction dep th and the lateral cu rvatu re, the analyt ical so lu t ion of

b reakdow n vo ltage fo r the p lanar junction can be found, and the resu lts agree w ith the num erical

sim u lated and experim en tal resu lts very w ell.
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1　 In troduction

It is w ell know n tha t the b reakdow n vo ltage fo r a p lanar junct ion depends on the rad ii

of the edge and of the co rners to a grea t ex ten t. Baliga and Ghandh i have estab lished an

analyt ica l so lu t ion of the b reakdow n vo ltage fo r cylindrica l o r spherica l ab rup t junct ion s, i.

e. an app rox im at ion of the cu rved po rt ion s of the p lanar junct ion [ 1～ 5 ]. T heir resu lts ap2
p roach to the values derived from com pu ter by Sze and Gibbon s[ 2 ]. How ever, the experi2
m en ta l resu lts[ 3, 4, 6 ] dem on stra te tha t the above so lu t ion s are no t fit fo r a ll the actua l situa2
t ion s, such as the b reakdow n vo ltage fo r the cu rved junct ion is h igher than one fo r the

spherica l junct ion bu t low er than fo r the cylindrica l junct ion w hen the junct ion is under the

pa t tern ing m ask. Basavanagoud et a l. [ 3 ] drew a conclu sion tha t th is phenom ena fo r the

cu rved junct ion w as cau sed by the effects of la tera l cu rva tu re rad iu s on the b reakdow n

vo ltage. K im et a l. [ 7 ]a lso derived a 32D analyt ica l exp ression of the b reakdow n vo ltage fo r

the p lanar junct ion. T he above resu lts cou ld be ach ieved either th rough the num erica l sim 2
u la t ion o r by the com p lica ted in sert ing m ethods. O bviou sly, a m o re com p lete ana lysis on



the b reakdow n vo ltage shou ld take no t on ly the effect of the cylindrica l and öo r spherica l

cu rva tu re in to con sidera t ion bu t a lso of the la tera l rad iu s. By such 32D num erica l ana lysis

so lu t ion, an idea l exp ression of b reakdow n vo ltage fo r a p lanar junct ion cou ld be given ac2
cu ra tely.

In the litera tu re [ 8 ] , the d ifference ex ist ing in b reakdow n vo ltages of the m ain junct ion

and of the F loa t ing F ield lim ited R ing (FFR ) is exp la ined as the effect of the la tera l cu rva2
tu re on the junct ion cu rva tu re. In th is paper, w e in troduce the concep t of the effect ive junc2
t ion cu rva tu re in o rder to exp la in the effect of the la tera l cu rva tu re on the b reakdow n vo lt2
age. In fact, either the side d iffu sion o r the cu rva tu re of the la tera l rad iu s cou ld cau se the

concen tra t ion of the field d ist ribu t ion a t the junct ion edge. T he cu rva tu re rad iu s a t the

junct ion edge is the sum of the junct ion dep th and the cu rva tu re rad iu s of the la tera l w in2
dow [ 9 ]. T herefo re, the effect ive junct ion cu rva tu re a t the edge is determ ined by bo th junc2
t ion dep th and la tera l rad iu s, and it is affected by the cylindrica l and spherica l cu rva tu re.

A s a resu lt, the junct ion is spherica l in shape if the la tera l rad iu s is ex trem ely sm all. O n

the con trary, it is cylindrica l a t the edge if the la tera l rad iu s is very large. In fact, com par2
ing w ith the dep let ion w id th of device a t a h igh b ias vo ltage, the la tera l rad iu s is u sua lly

lim ited w ith in a fin ite va lue, so the p lanar junct ion often includes a quasi2spherica l edge.

N ow based on the app rox im at ion of the effect ive junct ion cu rva tu re rad iu s, w e can ob ta in

a clo sed analyt ica l so lu t ion of the b reakdow n vo ltage fo r the p lanar junct ion, w h ich agrees

w ith the num erica l sim u la t ion and the experim en ts very w ell.

2　Theory

In F ig11, w e can see a circu lar geom etry junct ion, w here R m ( in cm ) is the rad iu s of

F IG11　Structu re of an ab rup t p lanar p + 2n junction

the w indow th rough w h ich a p + 2
diffu sion have done. T h is param eter

is nam ed la tera l cu rva tu re rad iu s. rd

( in cm ) is the cu rva tu re rad iu s of

the ex terna l boundary of a dep le2
t ion2layer. T he obviou s x x ′2ax is

symm etry in structu re ind ica tes

tha t the electrica l f ield E ( r) in the

dep let ion layer is rad ia l and p ract i2
ca lly is independen t on the angu lar

po sit ion s around the junct ion. It is

in com p lete agreem en t w ith the ap2
p rox im at ion s of the filed d ist ribu2

t ion a t the cylindrica l and spherica l junct ion s[ 1, 2 ].

Gau ss’ law , w h ich app lies to the cu rved po rt ion of an ab rup t p lanar p + 2n junct ion, can

be w rit ten as the equat ion (1) w ith the background dop ing concen tra t ion N B
[ 3 ]
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- E (r)∫
Η= Π

2

Η= 0
2Π(R m + rco sΗ) rdΗ=

qN B

ΕΕ0 ∫
rd

r∫
Η= Π

2

Η= 0
2Π(R m + rco sΗ) rdΗd r (1)

In tegra t ing and rearrang ing the rela t iona l exp ression, the electrica l f ield can be exp ressed

as the fo llow ing equat ion w hen rµ r j

E (r, R m ) = -
qN B

2ΕΕ0
×

2
3

(r3
d + r3) +

Π
2

R m (r2
d - r2)

r r +
Π
2

R m

(2)

　　T he m ax im um of the electrica l f ield a t the m eta llu rg ica l in terface can be ca lcu la ted

th rough equat ion (3) as fo llow ed

Em (r j, R m ) = -
qN B

3ΕΕ0
×

2
3

(r3
d + r3

j ) +
Π
2

R m (r3
d - r3

j )

r j rj +
Π
2

R m

(3)

　　T he exp ression (2) and (3) are the un iversa l fo rm u la t ion s of the electrica l f ield a t the

cu rved po rt ion of dep let ion layer fo r an ab rup t p lanar junct ion. In fact, w hen R m = 0 o r R m

→∞, Eq1 (2) and (3) can be abb revia ted in to the exp ression s fo r the spherica l and cylin2
drica l f ield respect ively, w h ich have been repo rted in litera tu re [ 1 ]. T hu s, by in troducing the

la tera l cu rva tu re rad iu s R m , tw o differen t effects by cylindrica l and spherica l cu rva tu res can

be un ified in to one equat ion (2) o r (3).

In o rder to ob ta in a clo sed analyt ica l so lu t ion, it is necessary to sim p lify bo th Eq1 (2)

and Eq1 (3) f irst. Con sidering the effects of the la tera l rad iu s R m of w indow cu rva tu re and

the exp ression (3) fo r the m ax im um of the electrica l f ield, a sim p le exp ression of electrica l

f ield can be ob ta ined. D efin it ion s are st ipu la ted as fo llow ing

Γm = R m öW c　　Γj = r jöW c (4)

rd = W c + rj (5)

w here W c is the w id th of the dep let ion layer of an idea l para llel2p lane junct ion w ith a dop2
ing concen tra t ion N B; R m is the la tera l cu rva tu re rad iu s. Genera lly speak ing, the w id th of

dep let ion layer of actua l p lanar junct ion, in m any cases, is less than W c. How ever, Eq1
(5) is a lso an exp ression in the first2o rder app rox im at ion s.

Con sequen t ly, Eq1 (3) can be conven ien t ly rew rit ten as

Em (r j, c) = -
qN B

3ΕΕ0

r3
d

(cr j) 2 (6)

w here

C =
1 +

Γm

Γj

1 +
Γj

1 + Γj

3

+
3ΠΓm

4 (1 + Γj)
-

3ΠΓm Γ2
j

4 (1 + Γj) (1 + Γj) 2

(7)

　　 In o rder to verify the above analysis, w hen R m ör j is 5, w e com pare the no rm alized m ax2
im um electrica l f ields derived from Eq1 (6) w ith one from Eq1 (3) ( see F ig12). F igu re 2

show s tha t w hen R m ör j is equal to 5, the resu lts derived from sim p lif ied exp ression agree
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qu itew ell w ith the ones from the exact equat ion. T he sam e is t rue fo r a ll the va lue of R m

rang ing from 0101 to 1000.

F IG12　N o rm alized m ax im um electrical field

from the exact Eq1 (3) , being a very clo se

app rox im ation to tho se from Eq1 (6) in

each po sit ion

W e stipu la te the effect ive cu rva tu re rad iu s

of the p lanar junct ion as below

r jeff = C rj (8)

　　A fter sub st itu t ing som e param eters in Eq1
(6) by ou r defin it ion, the m ax im um field can be

exp ressed as Eq1 (9)

Em (rjeff) = -
qN B

3ΕΕ0
×

r3
d

r2
jeff

(9)

　　 It is very in terest ing tha t the Eq1 (9) is ju st

the exp ression of the spherica l junct ion p ro2
po sed by Baliga [ 10 ]. In the case of a spherica l

junct ion, in o rder to ob ta in the b reakdow n vo lt2
age fo r a p lanar junct ion, it is necessary to get

the ion iza t ion in tegra t ion by ca lcu la t ing the

electrica l f ield d ist ribu t ion th rough Eq1 (2).

Based on the fact tha t the im pact ion iza t ion oc2
cu rs p rim arily a t a h igh electrica l f ield and clo se

to the m eta llu rg ica l in terface, a clo sed so lu t ion

can be ob ta ined by m ean s of the app rox im at ion

of the electric f ield d ist ribu t ion from Eq1 (10)

E (reff) = kör2
eff (10)

　　W ith Fu lop ’s fo rm u la fo r the ion iza t ion in2
tegra l equat ion, w e can get an exp ression fo r the

crit ica l electrica l f ield a t b reakdow n by in tegra t2
ing from r jeff to infin ity

E c (r jeff) =
13

A r jeff

1ö7

(11)

w here A = 118×10- 35.

T he E c w h ich is no rm alized to the para llel p lane case, can be ob ta ined by the fo llow ing

equat ion:

E c (rjeff)
E cpp

=
13
8

W c

rjeff

1ö7

=
13

8Γjeff

1ö7

(12)

w here Γjeff= r jefföW c.

It p roves tha t an un iversa l exp ression of the crit ica l f ield fo r the p lanar junct ion has

no th ing to do w ith the specif ic R m and r j. W ith the crit ica l f ield a t b reakdow n, an exp ression

fo r the b reakdow n vo ltage can be derived. It a lso can be no rm alized to the b reakdow n vo lt2
age of a para llel2p lane case as fo llow ed
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BV (r jeff)
BV cpp

= Γ2
jeff + 2. 14Γ6ö7

jeff - (Γ3
jeff + Γ13ö7

jeff ) 2ö3 (13)

　　A cco rd ing to the exp ression of the BV cpp , the b reakdow n vo ltage, BV ( r j, C ) fo r the

p lanar junct ion can also be rew rit ten as

BV (rj, C ) = 5. 34 × 1013N B
- 3ö4{ (C r jöW c) 2

+ 2. 14 (C r jöW c) 6ö7 - [ (C r jöW c) 3 + (C rjöW c) 13ö7 ]2ö3} (14)

　　Equat ion s (13) and (14) can be abb revia ted to a sphere junct ion case w hen R m is zero

and to a cylindrica l junct ion case w hen R m goes to infin ity.

3　D iscussion

To get a b reakdow n vo ltage fo r the p lanar junct ion, R m and rj m u st be no rm alized to

F IG13　N o rm alized b reakdow n vo ltage fo r the

p lanar junction as a function of the

lateral radiu s of w indow curvatu re

the W c. T he pub lished resu lt and ou r

ana lyt ica l so lu t ion of the no rm alized

b reakdow n vo ltages are described as a

funct ion of Γm and Γj in F ig13. T he la t2
era l cu rva tu re R m affects the va lue of

the b reakdow n vo ltage grea t ly. It lim 2
it s the b reakdow n vo ltage fo r the p la2
nar junct ion w ith in a range of specia l

va lues w h ich are low er than one of the

cylindrica l junct ion bu t h igher than of

the sphere junct ion.

T ab le 1 is the com parison of the

b reakdow n vo ltages ob ta ined from (A )

experim en t, (B ) num erica l resu lt and

( C ) analyt ica l so lu t ion described in

th is paper respect ively.

(N o te: N B = 113×1013cm - 3, BV CPP= 7800V , and W c= 895Λm )

Table 1　Com par ison of exper im en ta l, num er ica l results and ana lytica l solution

r jöΛm R m öΛm

B reakdow n vo ltage öV

Experim ent [4 ]
T heo ry

N um erical[7 ] A nalytical

12 130 722 718 796

26 75 1015 988 981

26 200 1200 1146 1131

　　T he resu lts of the analyt ica l m odel are in a com p lete agreem en t w ith the litera tu re [ 4 ].

Com paring these resu lts from the experim en ts of Yabu ta et a l. [ 7 ] , the b reakdow n vo lt2
ages in the analyt ica l exp ression acts as a funct ion of the la tera l rad iu s of w indow cu rva2
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F IG14　T he comparison of the b reakdow n vo ltages

ob tained by the analyt ical exp ression w ith the

resu lts of experim en ts and quasi23D device

sim u lat ion [7 ]

tu re R m (see F ig14). T he background

dop ing and the junct ion dep th are 114

×1014cm - 3 and 5Λm respect ively, and

R m varies from 5Λm to 100Λm. In

F ig14, the b reakdow n vo ltage decreas2
es sign if ican t ly as R m lessen ing due to

the effect of w indow cu rva tu re. T he

b reakdow n vo ltages derived from the

analyt ica l so lu t ion are ra ther clo se to

the experim en ta l resu lts. T herefo re,

the analyt ica l so lu t ion w e discu ssed

above can be u sed to so lve the 32D
p rob lem abou t the p lanar junct ion.

4　Conclusion s

In th is art icle, w e analyze and dis2
cu ss the effect of la tera l rad iu s of w indow cu rva tu re on the b reakdow n vo ltage fo r an p la2
nar junct ion. Based on the sim p lif ica t ion of the 32D electrica l f ield d ist ribu t ion and the defi2
n it ion of the effect ive junct ion cu rva tu re, a clo sed analyt ica l so lu t ion of p lanar junct ion can

be ob ta ined w h ich is affected by the la tera l cu rva tu re on the b reakdow n. A ll ana lyt ica l re2
su lts a re in agreem en t w ith the experim en ta l and sim u la t ive da ta w h ich have been repo rted

in the litera tu res. T herefo re, th is m ethod can be u sed to analyze the b reakdow n phenom ena

of p lanar junct ion w hen the junct ion term ina t ion design has to be taken in to con sidera t ion.
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