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A study on |-V characteristics in JBS rectifiers according to PN junction structures
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Abstract

In this paper, we demonstrated an analytical description method of forward voltage drop and reverse
leakage current of the junction barrier controlled schottky rectifier with linearly graded junction and
abrupt junction models. In this case, the vertical depths of device are 1[mm] and 2[um], respectively,
Through ion implantation and annealing process, we obtain the data of lateral and depth from implanted
2-dimensional profiles. Also we applied these data to models that indicate the change of depletion each
on linearly-graded and abrupt junction as the forward and reverse bias. After applied depletion changes
to electric characteristics of JBS rectifiers, we calculated the forward I-V, the reverse leakage current and
temperatures vs. power dissipations according to each junction. When we compared the rectifier with
calculated and measured data, from the calculated results, forward voltage drop with linearly graded
junction is lower than that of abrupt junction and reverse leakage current with linearly graded junction is
lower(=1x10"' times) than that of abrupt junction. Also, the power dissipations according to different
junction depth(1[wm], 2[mm]) of device are calculated. Seeing the calculated results, we confirmed it
from analytic model that the rectifier with linearly graded junction retained a low power dissipation up to

600[ ] in comparison with the rectifier with abrupt junction.

Key Words(E 2 804)
tion( A HEEH).

.M 2

Lepselterst Sze(1968). Zettlers} Cowley
(1969)= B3 (guard ring) 7ZE 2EF] &
g ¥Adsto o] AEY] the]e=9] BEAS o
Zojytl’, HIHoz HAH TR YF3o
w7 o] 22 Al FA A A AR FHN
g AAZ JehdA Ha g8 Hy Hu Jy
of FEAQ v @A "@eh e, ol Hd Ay
AT A= dEAGe] HP g HYPe] F
$E2 o g4 delA sE2g 4, 87 B

* R\ gw A e
(A% #4944 €T oj9F 494-6, Fax :
249-9716 E-mail : wcung@kuic.kyonggi.ackr)
1999 8¢ 309 H4, 1999 124 2Y Aty

0331-

 BS(ME A THAET]), linearly-graded junction( MBZHAIE8}), abrupt junc-

AR71Y AT R g AvE= FEAY] @
Ag YA ez YA FEY F Sl
qade’. ohgd ' AYY AL 5L 47 A
A AHE A& dupoljae Bl AP P
& ¥A4VH(50~1400m]). olFAH HA G
EE8Y FEEXE SAH o2 YA pn AR
€ FAAI Y. oy, A& HYE 271 AAM &
A FEE Tl 384 olelgol mEH.

€ =8dME &4 34 daled oleFY TAE
et FAde] oei&e 243 A Fdd
oA Ze AEgE YIRS W vehte 48 A
B Y AAE A7) A% ol FY AL
AE3te £E7) AFR7IE AYBA g B4
F AF-AY B4 Adsnd g9, 283, A
Ao YW £E7) AR7VIE o83 FF-A
54 3 Ay vojeet Y AL HPez AN
¢ RS A2 vaste, WY PA Ages ¥



JBS(Junction Barrier-controlled Schottky) A #718] PNY #4720 W& -V EXo] B @AF-eeereer

48 W $4E AF-AY R Aol 4@ AE
& AN B}

2.0 =

oJeFUl 4B FYB oled 29 NI 47
2ol A% W@ dolHg I7] Hd s498
MICROTECH| ol &#¢] 29 thgs} 2t}

F4€ ol 144 T2HAo] B AL B
=

B 1 __{y-R,)
Iy = Ve2ra, expl 20

oltt. 4714, R FA ¥, o5 £ HE UA
ye Hels EHe2REY AE 4 vebgych
TUE o] 29 2214 T2 YL g3 o}

] (2.1)

X~ X, )
V2o,
X~ X

—erf(vgd—)]

A7, x5 x, € 47 1= Ao Uig 9%, 28
Z 714zrel 2 REl 9 Aelg 42 vehdo,

JBS AR719] A71AH BEAE &) Ao &
3 Guid violoj A g AZMRE W FHEY W
o thet d3pag A A4 gole,

AGHE A9 FEE 4B =3 zols} o
T el 23 Atoje ] AYAE /A MY
AAL Al A% TYsHA =% (doping)® n¥
HeH e F¢, €5 n¥ EF 55 FHPesn
H nY ddgos wAgsie Azl dEd A¥Pr=
YERA "), ol B & FE =Y FXE MY A
AL oz Heog,

38 vpolol2 & A7HHE W AGH g Y7
AL FEFe] Ut ol A3} g}

Ix,y)= I(zy) [erf(
(2.2)

_ ’ 2e _
Wa— qND (Vb,' VF) lﬂﬁ"ﬁ'ﬂ' (23)
W, =[5 (v, VI RS AAE Y (2.0)

71, aE ©(net) BEE 7187 (™).
A8 uto]o] A8 QIVMAE o ABHEA HYAAL
AYY T3 A= ols) Fe Hoz RHAL

‘ 2¢€,
W,= an (Vb,-"’Vn)

AGdE (2.5

1)

Y E, JUA

3e
2qa

w,=I[ (Vut V1Y M9 AAEE (2.6)
°lF THS RYL AT HLEY ARV AH
B4¢ Y= 2o F4d

E =8N AP 4E7) FFY 2de
2y 2.1% gv}. JBS AF7I= FH £EF A
F718] FEARFE Eo17) 98 Ag=ERG. JBS
FEAME S XE god a=71 YAH Y=
£EF] ZA{7Ie|k. JBS AF7|o & upoloj A
€ AFEIE TSy E& Zas8A sH3 JBS A
TZoM Y "elnlg 2dE F718HA Hol AgNE
7} 348} JBS AF7) A wpoloja g
Q71EE FH3e F& FlEtm AN u
Hpolol &g QI7}EHH FEo] ProzRE Y F
P35 M& 5hdA Fo] B|R)Q X (pinch-of) & 3
A ok & Ao o AQAHL FASHA
Hoh ¥AHE A43YL 2EF] Fuo] olxj=
234g AAsA €. BF 22 e npojojx
Q7H & FHARI 9] SEF AFIAME
et JBS FH7IME o9 L =& ¥4
AfFE JEUA g

§/2 m s/2

shottky
metal
P+ region —
depietion
layer

X

=4}

N-epitaxial __|
layer

N+ SUBSTRATE

070777228

CATHODE

a8 20, SevEE Mo Yo FAezd
£E7] ARV @9 4 7=,

Fig. 2.1. Unit cell structure of junction bar-

rier controlled schottky rectifier
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Table 2.1. Basic equations of junction barri-
er-controlled schottky rectifier.
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Fig. 3.1. Relationship on implantation ener-
gies and lateral-vertical depth
ratio.
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Fig. 3.14. Power dissipation of junction barri-
er controlled schottky rectifiers
according to temperature.
(#,=0.70{eV], P+ junction depth=2
(um]).
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