
(5A-2) 

A BREAKDOWN VOLTAGE SIMULATOR FOR SEMICONDUCTOR DEVICES 
TONADDEEB 

Ichiro Omura, Akio Nakagawa 
Research & Development Center, Toshiba Corp. 

1 Komukai Toshiba-cho, Saiwai-ku, Kawasaki, 210, Japan 
Phone 044-549-2095, FAX. 044-555-2074 

A breakdown voltage simulator for optimizing semiconductor 
devices, TONADDEEB has been developed. This simulator calculates 
avaranche multiplications and punch-through current solving only 
the Poisson equation. 

The TONADDEEB program can be applied to devices with lightly 
doped floating regions using an improved method. In conventional 
methods([1],[2]),the quasi-Fermi potentials for floating regions 
are determined as the lowest potential along the metallurgical 
junction periphery if the floating regions are P-type. However, 
these methods can not be applied to lightly doped floating regions, 
because the neutral portions for the floating regions have moving 
boundaries. In the improved method, the quasi-Fermi potential for 
floating regions are chosen as the potential at saddle points of 
the potential distribution(Fig.1,Fig.2), which are independent from 
the position of the metallurgical junction periphery. Therefore, 
this method is applicable even if the floating regions have low 
impurity concentrations. 

Once the potential distribution have been determined, exact 
avaranche multiplication calculations are performed. 

This program was applicated to a device shown in Fig.3 which has 
four P -guard rings. Fig.4 shows a calclated dependency of the 
avalanche breakdown voltage on impurity dose of P -guard rings. 

The punch through current is estimated by using only the 
potential distribution 0 as follows([3]): 

Z q q 
^PT = - q D n — e x p ( — ()/; -V ) ) { l-exp( (V„-V ) ) } 

L kT ^ kT 

where r/j is the potential at the saddle point of the potential 
distribution and V^,V are elec^tr^de voltages (Fig.5). In the 
TONADDEEB program, the tearm Z /L is approximately determined as: 

_-k 
Z / A^ 

where A , A_ are positive and negative eigenvalues of Hessian for ip 
at the saddle point. 

The validity of this method can be seen by showing good 
agreement between the results obtained using this method and 
TONADDEEC, which solves the current continuity equations besides 
the Poisson equation. Using the approximation, the current can be 
accurately estimated even if the current direction is skew to the 
rectangular mesh for FDM(Fig.6,Fig.7). 
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I'jg. 1 Device structure lor explanation. 
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f'ig.3 Device s t r u c t u r e with i igl i t ly doped 
guard rings which are dep le ted in a liigli 
reverse bias. PI PG are the pos i t ions of 
e l e c t r i c field peaks. 

I'ig.S Device s t r u c t u r e used for punchtlirough 
cu r ren t ca lcu la t ions . 

- 1 — I — I — I — I — I — 1 — r — T 

10° 
I 

1 *. I • • " 

o TONADDEID 
• TONAODBIIC 

M 

u 

„̂ 10' 
3 
S -I 
a 10 

J l l _ j I 1 1 L. I I I 1 . . . I I I 1 

0.0 50 10.0 

Appllad Volmgo Vj(V) 

15.0 

'ig.2 Saddle point of. the po ten t i a l 
d i s t r i bu t ion . 
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Fig.4 Calcula ted breakdown vo l t ages for 
G e l e c t r i c field peaks. 

Fig.6 Rectangular mesh used to d i sc re t i / . e the 
Poisson equat ion. The nodes occur a t the 
i n t e r s e c t i o n of l iol izontal and vei-tivcal lines. 

Fig.7 Comparisons of punchthrough cur ren t 
versus applied vo l t age V obta ined by rONADDliM 
and TONADDEUC (V V =0.0V). 
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