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➔ INTRODUCTION

●   Whatever the complexity of the model is, we need to find and to develop ex
as possible, preferably straightforward, without optimization loop and with

●   This is the goal that persons who develop extraction routines must have a

●   This is the key point if we want to obtain physical parameters rather than 
lated to the others and less affected by the measurement accuracy. It w
scaleable parameters and parameters well correlated to the process var
for best and worst case parameter prediction.

●   Based on these remarks, a direct extraction method for the HICUM breakd
QAVL, is described step by step.

●   These parameters are determined straightforward, without optimization lo
near regression.

●   This method is validated from experimental results, on transistors of variou
different structures and geometries.
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➔ MODEL EQUATIONS

●   The HICUM base-collector (BC) breakdown model is based on a similar a
MEXTRAM (503) [1] or VBIC [2] and was presented to the BCTM 1998 [3

●  The collector-base weak avalanche current, in parallel with the internal
based on the well-known relation

     

    The ionization rate an and the critical field bn are coefficients describing th
is the electric field within the BC space charge layer (SCL), WBC is the w
is the forward transfer current.

IAVL ITF αn x( )⋅ ITF an

bn

E x( )
---------------–

 
 
 

exp⋅ xd
0

WBC∫⋅= =

●   Substituting the electric field in equation (1) with the internal BC
depletion capacitance CJCi, the avalanche generation current can be
approximated by

   (2)

    the model parameters FAVLand QAVL are related to the ionization
coefficients an and bn by

   (3)

IAVL ITF FAVL VDCi VB′C′–( )
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----------------------------------------------------
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➔ PARAMETER EXTRACTION STRATEGY (1)

●   Assumptions
    - In equation (2) the transfer current ITF is supposed to be equal to the co
     - The model parameters of the internal BC junction capacitance are supp

 - The internal BC depletion capacitance is approximated by

      

●   The parameters FAVL and QAVL are determined from the dependence of 
with the BC voltage

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

●   For M > 1 (avalanche region), and defining , with Vj the to

junction, (5) can be re-written as

    
 Substituting CJCi in (6) by its expression (4), leads to the final result

CJCi

CJCi0

1
VB′C ′
VDCi
-------------– 

  ZCi
------------------------------------=

M 1–
IAVL

IC0
---------- FAVL VDCi VB ′C′–( )

QAVL–

CJCi VDCi VB ′C ′–( )⋅
----------------------------------------------------
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 
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exp⋅ ⋅= =

Vj VDCi VB ′C′–=

M 1–( )ln FAVL( )ln Vj( )ln
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CJCi Vj⋅
---------------------–+=
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➔ PARAMETER EXTRACTION STRATEGY (2)

●   In conclusion, the characteristic  versus , defined by equa

QAVL can be deduced from the slope and FAVL from the yintercept of this ch

  

●  QAVL and FAVL are therefore determined in a straightforward manner,
knowing the parameters of internal BC junction capacitance

M 1–
Vj

--------------
 
 
 

ln Vj
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

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➔ MEASUREMENT SETUP

➔ MULTIPLICATION FACTOR DETERMINATION

●   The multiplication factor M can be easily measured from the collecto
decreasing ∆IB of the base current IB with the collector voltage VCB at co
low enough to avoid high injection effects, voltage drop in series resistan
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➔ EXPERIMENTAL RESULTS (1)

●   This method has been successfully used on various bipolar transistors fro
cesses. Some of these results are given hereafter.

●   0.35 µm 3.6 V BiCMOS process [6]
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➔ EXPERIMENTAL RESULTS (2)

●  0.25 µm 2.6 V BiCMOS process [7]
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➔ EXPERIMENTAL RESULTS (3)

●  0.13 µm 1.7 V BiCMOS process 
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➔ CONCLUSION AND COMMENTS

●   A novel straightforward extraction methodology for the HICUM weak avala
described step by step.

●   This method can be easily implemented in extraction tools like ICCAP or U
near regression, without optimization loop, and knowing the parameters o
junction capacitance.

●   This method was successfully used and validated on different type of tra
tage).

●   The scalability of FAVL and QAVL has to be tested.

●   We have notice that the parameters FAVL and QAVLare very sensitive to th
depletion capacitance parameters, but not the accuracy of the fitted cha
values of CJCI0, VDCi, ZEi, equation (7) is always linear.

●   As consequence, the scalability of FAVL and QAVL depends on the correctn
tion capacitance parameters.

●   Validation of the HICUM weak avalanche model at higher density of curre
present model does not include the case where the maximum electric field
rather than at the BC junction (Kirk effect).
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