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INTRODUCTION

Whatever the complexity of the model is, we need to find and to develop extraction methods as simple
as possible, preferably straightforward, without optimization loop and without initial guess.

This is the goal that persons who develop extraction routines must have always in their mind.

This is the key point if we want to obtain physical parameters rather than fitting parameters, uncorre-
lated to the others and less affected by the measurement accuracy. It will allow, afterward, to have
scaleable parameters and parameters well correlated to the process variations, which is important
for best and worst case parameter prediction.

Based on these remarks, a direct extraction method for the HICUM breakdown parameters, Fay, and
QayL ., Is described step by step.

These parameters are determined straightforward, without optimization loop, using only a simple li-
near regression.

This method is validated from experimental results, on transistors of various BICMOS processes, with
different structures and geometries.
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0 MODEL EQUATIONS

DM159.01

o The HICUM base-collector (BC) breakdown model is based on a similar approach than those used in

MEXTRAM (503) [1] or VBIC [2] and was presented to the BCTM 1998 [3].

o The collector-base weak avalanche current, in parallel with the internal base-collector junction, is

based on the well-known relation

5 O
lave = le LR (X) = Ige qo “a, EEXDD-“E( )|DdX

(1)

The ionization rate a,, and the critical field b,, are coefficients describing the avalanche process, E(x)
is the electric field within the BC space charge layer (SCL), Wg( is the width of the BC SCL and I

is the forward transfer current.

o Substituting the electric field in equation (1) with the internal BC
depletion capacitance C;c;j, the avalanche generation current can be
approximated by

—QavL U
lave = ltr Fave HVpej—Verer) Bexp ECJC Voo — B,C’)g (2)
| |

the model parameters Fpy and Qay are related to the ionization
coefficients a, and b, by

O] a,

EFAVL =2 qj_

0 " ®3)
U asi Ebn DA‘E

%QAVL =T

MUy = lgo +lave

M :1+|AVL

ICo

M is the multiplication factor
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0 PARAMETER EXTRACTION STRATEGY (1)

e Assumptions
- In equation (2) the transfer current It is supposed to be equal to the collector current I,

- The model parameters of the internal BC junction capacitance are supposed known [4], [5].
- The internal BC depletion capacitance is approximated by

7Ci (4)

o The parameters Fpy, and Qpy are determined from the dependence of the multiplication factor M
with the BC voltage

o With the above assumptions and from equations (2) we can write

—QavL 5
HVbei—Vee)n

lavi 0
CO JCi

()

« For M > 1 (avalanche region), and defining V; = V¢~ Vg, With Vj the total potential across the BC
junction, (5) can be re-written as

In(M-1) = In(FAVL)+In(Vj)—% (6)
i

Substituting C;¢;in (6) by its expression (4), leads to the final result

M — 10 _

M1 < in(F ) - —AY_ gy (7)
O Vj U VS
JCio DCi
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0 PARAMETER EXTRACTION STRATEGY (2)

o In conclusion, the characteristic In E'.l"v:_lm versus VjZCi_l, defined by equation (7), is linear. Therefore
g v

QavL can be deduced from the slope and Fay, from the Yipercept Of this characteristic

Zc;
%QAVL = —slope [C;cip Wpe;

EI:AVL = exp (yintercept)

M —10
InO——C

ovVo i/ In(Fav.)

B ZCi
Cicio Voci

Zei—1

Vi

e« Qay. and Fpy, are therefore determined in a straightforward manner, without optimization loop,
knowing the parameters of internal BC junction capacitance
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0 MEASUREMENT SETUP
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Vggo = Cst=0.7 to 0.8V

A

7._ VCB + VBEo \/

VBEo

0 MULTIPLICATION FACTOR DETERMINATION

o The multiplication factor M can be easily measured from the collector current I and from the
decreasing Alg of the base current Ig with the collector voltage Vg at constant Vgg. Vggg IS chosen
low enough to avoid high injection effects, voltage drop in series resistances and self-heating

M

1+ |aviL Oave = lgo—Ilg = Alg

% _ _I(|3° _ E'm = lCI_IAVL = lc-Alg ®)
B = 'Bo~lavL c
He = lgg +| M = A

c = 'comlAvL Il C B
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0 EXPERIMENTAL RESULTS (1)

« This method has been successfully used on various bipolar transistors from low to high voltage pro-

cesses. Some of these results are given hereatfter.
e 0.35um 3.6 V BICMOS process [6]
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0 EXPERIMENTAL RESULTS (2)

e 0.25pum 2.6 V BICMOS process [7]
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0 EXPERIMENTAL RESULTS (3)

e 0.13um 1.7 V BIiCMOS process
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CONCLUSION AND COMMENTS

A novel straightforward extraction methodology for the HICUM weak avalanche parameters has been
described step by step.

This method can be easily implemented in extraction tools like ICCAP or UTMOS, requiring only a li-

near regression, without optimization loop, and knowing the parameters of the internal part of the BC
junction capacitance.

This method was successfully used and validated on different type of transistors (low and high vol-
tage).

The scalability of Fay, and Qay has to be tested.

We have notice that the parameters Fay, and Qay are very sensitive to the values of the internal BC

depletion capacitance parameters, but not the accuracy of the fitted characteristics. Whatever the
values of C;co, Vpci» Zgj, €quation (7) is always linear.

As consequence, the scalability of Fay,, and Qay depends on the correctness of the internal BC junc-
tion capacitance parameters.

Validation of the HICUM weak avalanche model at higher density of currents has to be done, as this

present model does not include the case where the maximum electric field occurs at the buried layer
rather than at the BC junction (Kirk effect).
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