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Study on the Blocking Voltage and Leakage Current Characteristic Degradation of
the Thyristor due to the Surface Charge in Passivation Material
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Abstract - In high-voltage devices such as thyristor, beveling is mostly used junction termination method to reduce the
surface electric field far below the bulk electric field and to expand the depletion region thus that breakdown occurs in
the bulk of the device rather than at the surface. However, coating material used to protect the surface of the device
contain so many charges which affect the electrical characteristics of the device. And device reliability is also affected by
this charge. Therefore, it is needed to analyze the effect of surface charge on electrical characteristics of the device. In
this paper, we analyzed the breakdown voltage and leakage current characteristics of the thyristor as a function of the
amount of surface charge density. Two dimensional process simulator ATHENA and two-dimensional device simulator
ATLAS is used to analyze the surface charge effects.
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21 2H H3el 8 HMF 5579 AMTabA
Atelg] 2Bl 9t 22 43 AHEE NxA 2ASME E

Hg EHoz 2§ Fo] ZollE beveling HeE g o
Fol Z¥ol AEF TF Y polymer AQGe) AL :Ys=
passivation 7]H-& AL&3t}h 3000V ©)3te] HHALS 71X
£ 2AqME F2 SiO2U SiSNASE AFEs5ie O ojAe)
AdHgdE 22 e LA E polymer Alge 27 o)
t} SIPOS(Semi-Insulating POlycrystalhne Silicon)5& AHE
o8l Y 2™ A1Ed EREL YR naTge] B
2E°] EAEA HY oz U3 _,_%‘% dole FEHdE
oo A3zt FEHA "o 53] 4z "A7|A 2E7
271 RI7ME A o] BELESdE Hairl £YFHE P4
dojuAl Hw Az Ha FAoAe] FARY o} A
Mol AA EXAx ¥& JFL 7 At 53] 2L A
GAYL A7) A EHE bevel A3t Alol2] A8 Azt
A bevel? EW FoX n-base ¥99 EUL UYL
AQsted 3ol T8 REoE Aurdt Aol <rtE A
% n-base 999 FWHE beveld] 95 T A S 9
3 chFe] HstEo] FojA P duixoz ¥W z;gL
A AHEEHE A WRe AEe @ dEe A4 H=
2, ol [ A&E) 23] n-base 4= EHo= tiake] O

dapgo] BolA Hi, o [ AMsise] s =y ZHe

EH Hstoll o8t Thyristor 2XFel XLHMY Y SMHMRE

0x

o7

Trans. KIEE. Vol. 55C, No. 1, JAN, 2006

274 vl A 5 o] channel Zo] ¥
79% A3 22 AErsr "ol
28 227t AadEd A r4 dA59
YHFES Edd F48 A=5LS B3 /A 99 a9
2% beveld EHol H3}of HE dgo] HASULS A
Foll zd AEjol A o] 22 Yol Mo} Afe A
(@9} 298 19 A aE u b)& vERA Ao
o}

o {8
oy
L
k
rd
2
A x

e &
l>-

Cathode Silicon rubber

N+ Charge trapped at
sutace defects

XEE_&L
e

Surface channel

N+

Anade

{b) arl ™ oljafel "1E T

a3 2. Bevels X} EOo|A{g (@) %
AE EZxT

Fig 2. (a) Current flowline, (b) current density distribution of
the beveled surface

of Ale]2] 2~E|7} i}% ”EHOI
7HE A$ BB AR Nggol 5x10%em® ~ 1x10‘2/cm

7tA) Wsd do A4 AFe Fg ‘JrE}LHS’dE} ayeA
Ng7t 374245 w4 A7 Fo| gastn Jge ¢ 4
Aed AL FH AR AR FIAN FHez =k w4
AF 429 dF¥o]l BB Malol TPz ds) 57 %
A AF AEo] Asy) WEoR B AT Y 49 A

ol2l ¥ &A7L g AejolA gEo] Aol Ho Nssp“

dg 4z Jdgole] Af 2E} mugAdelAe] AR

M

&



BRPBGREE S5CH 158 2006 18

ZE JERIAY. 2FA B F R0
U3 9ol AF HEe

® AF AR Zasn Utk
junction termination® % %9 n-based F |
9§ n-base 49 FHAA Y Azt F7e
Azte] o] FNY A$ Asle THE 2y AW
Well A o] Ax-AF 4 AAo] dojdoz UAs| “é
el 4 AF AEel /g Aom HAth
3 Ag AN Alolg2E Azt FA
e} & oz vehd F 9led

Hi
x "
°© o oy o f
2 o

% 4o 1o X ol
e =
ﬁ‘”og»‘,
o of o8 |
W 1g ol

o 12
Ju
rir
(o3
2

I, = JpptJgct+ JIpy
Jpp » Jpv i N, P @G A9 diffusion A,
o TRE 949949 AF

Ne®) 3712 dd 383 99 WA Ax-23 49
Aol FAAd WEol FHFeIN AF ¥ STt 37
sto WA gYelAg U AF A¥el /A & Aol

o},
‘gmo 100 2o 300 400 500 600
£ ?9“
(e
[ ®
g — - N =5X10%ar? E /E_ b
kS -o-Ng=1X10"ar? i —ay
——N_=5X10"ar -
! -0-N,=1X10'}ar?
w12 L RS-
0 100 20 300 400
Appled VolageM
a8 3. 2H Maizkol mE M NMFEe) vis
Fig 3. Leakage current variation as a function of surface
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Fig 5. (a) Electron and (b} Hole carrier distribution as a
function of surface charge amount
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