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A study on the method for calculating the base-collector breakdown
voltage of NPN BJT for integrated circuits

Eun Gu Lee, Dong Ryul Lee, Tae Han Kim and Cheol Seong Kim
Dept. of Electronics Eng., Univ. of INHA, Dept. of Information and Communication, Bucheon College

Abstract - The algorithm for calculating
base-collector breakdown voltage of NPN BJT{(Bipolar
Junction Transistor) for integrated circuits is proposed.
The method for calculating the electric field using the
solution of Poisson’s equation is presented and the
method for calculating the breakdown voltage using the
integration of ionization coefficients is presented. The
base-collector breakdown voltage of NPN BJT using
20V process obtained from the proposed method shows
an averaged relative error of 8.0% compared with the
measured data.
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Table 1 Process conditions of the 20V process

Sl 2% 20v83  [um]
(1) | J1®BIKE,(100)Orientation 14.0
S
2 Sheet | &&TY | SI=YE (2401 25 (75
g A0i 20l
B8IT -
)] Sheet | 4&BTY | oI=HE | 150 14.25| 55
Xg 20| 20l
(4) Olil HINE 2.0
Deep2! 2iH
©) Sheet X 8t ol 16 6.8
(6) | IT SheetX & ggrol 12.0 6.5
(7) | BO SheetXg | NPN Z&20I |.212.0 3.0
(8) | EO SheetM & @0l 7.0 1.7

a9 2+ XY=L NPN BJTY Layoutelth. @= =&
BHFo] A Woj2 2AE 49L& Jeldn Le Ho
29 N 98 7170t} oulg F4& 7Foz
2 A9E AF zEYFo)ln Nz ZEE AR
o] FAurgkoir} 20V FA4 NPN BJTe oAy
& JtEHo=  85MumlolA  170[uml7tA], HN2=e
35[um]ell A 11.0[um]7A ol Zoluweke 2 0.0[um]olAM
35umlAA & Eg3te},

FEE
REE]
gy
-~
B EE]
NCEEEER
5] P
S &
a7 TR Y
& o BBBR
X
T
[ JdH4 /Y S
BL E @ 8 F
T 20[v) : (8.50~4, 3.504,0)
30[v} : (9.00-4. 3.08~4.0)

2% 2 AA 524 NPN BJT9 Layout
Fig. 2 The layout of NPN BJT for integrated circuits
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Table 2 The design rule of NPN BJT for integrated

circuits
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Table 4 Structures for device simulations
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Fig. 4 The projection of the integrating path to the
surface of NPN BJT using 20V process

0DE+0C

~e—20v 2% 3um

—-—20v B 4um

—a—20v B sum

%20V BY fum )
e 20V B2 MOl T DY

~50E~05

&
®

o1 e (om]
B
H

8
:

~25E-04

~30E-04

~35E-04

85E-04 85£-04 1IE-03 12E-03 13E-03 14E-03 15E-03 168-03
' . e YR 282 Km
a9 520V 44 NPN BJTY AW FA HEA=Z

Fig. 5 The proj_ection of the -integrating path to the
front side of NPN BJT using 20V process

~139 -



Y 6 20V 3AE olgste Axd AAHzg
NPN BJTelH Q7hnslel e o8t AFe HE gol
o 4Rz Y oles A% A gol 1o Hi 1
ooz zANA GG F2ol Azhch 20V FAAA
£ wo)a-olmzt Pgo) Bomz Loj 2N Fow
e guolol 2o A g FRo] AZA

20V 3%

™~
x

ol@tMee et

-—3um
—8—daum

——6um

00
oo 100 200 200 00 200 @0
A7)

I 6 20V FAHE NPN BJTY o]23 Al A& g
Fig. 6 The integration of ionization coefficients of NPN
BJT using 20V process

E 5¢ AGE WS ASEo T woj2-FAAEY 7
Ao wg g FEAGTH ASXE @ Fijolr},
Ayt FEEAHo] BAHHE FUE AR A7)t 1nAl
oA 1[uAleld ez FAZFE T wolA-AHEL W
Ago] Zarsta HAE A+ 0.1[VIelde AFE HQ
. B =gdA4E FEg AR 1wAlPt He 24494
Ady AGE 9ug FEAHAGesT AW 4 (s
o] 83 Ao F&utFL 20Ve 0VEFA W) 2tz
2.25um$} 1.2375ume] t}.

£ 5 vlo)2-AdE 933 FERAY
Table 5 Base-collector breakdown voltage
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