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❐ Avalanche current and multiplication factor M

❍ The avalanche current is defined as:

❍ The multiplication factor M is defined as:

thus
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What about avalanche
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❐ 0.25µm technology, Bvceo=3.3V:

❐ 0.25µm technology, Bvceo=6.0V:
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❍ Validation on the avalanche current data:
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❐ M needs to be modelled with a simple equa
with an empirical law as [2]:
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❐ extraction performed for a 0.13 µm technol

❐ The total avalanche current could be calcula
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Model validat
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❐ Experimental results for a 0.13 µm technolo

❐ Results for a 0.25 µm technology, Bvceo=3.

VCB [V]

I B
 [n

A
]

VCB [V]

I A
VA

L
 [n

A
]

WE from 0.3 µm to 1.2 µm

LE = 15µm

VCB [V]

I B
 [n

A
]

VCB [V]

I A
VA

L
 [n

A
]

WE from 0.3 µm to 1.2 µm

LE = 13µm

utline

ntroduction

eometrical
dependence of the
avalanche current

odeling and
extraction

Model validation

onclusion

7



dm05.84Scalability of the avalanche phenomenon in bipolar transistors

R

0V:

cy all type of weak ava-

VCB [V]

M
 fa

ct
or

VCB [V]

M
 fa

ct
or

• O

• I

• G

• M

• 

• C

1

Device Modelling

June 6/7, 2005, Franck Pourchon/20
FTM
Crolles

❐ Results for a 0.25 µm technology, Bvceo=6.

❐ This approach allows to model with accura
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Conclusion
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	The avalanche current model implemented in HICUM 2.1 was presented in BCTM 1998.
	The assumptions are breakdown occurring in the BC junction of the internal transistor below the e...
	The avalanche current is modelled with a current generator between internal nodes B and C. This c...
	Finally the width of the depleted region is replaced by its expression function of the BC junctio...
	Consequently M could be expressed by the third expression. As QAVL and CJCi are both proportional...
	• Model validation

	Let’s check if measurements behave like expected. The first set of graphs are measurements of var...
	The BVCEO value does not vary significantly with both emitter length and emitter width and the M ...
	For the higher voltage version of this transistor (second set of graphs) the behaviour is quite t...
	Unfortunately, in some case, for certain technologies, the BVCEO varies with emitter length and w...
	The first set of graphs depict measurements of a .25mm technology with NPN devices featuring 3.3V...
	For these transistors BVCEO and M vary slightly with LE. With WE BVCEO increases significantly wh...
	The second set of graph are coming from measurements of a higher voltage transistor.
	With LE, nor BVCEO neither M varies but the variation with the emitter width is significant and o...
	It seems that for certain technologies the M factor varies with device geometries. Of course HICU...
	The fact that BVCEO and M factor clearly vary with device geometries leads us to think that the b...
	If we assume that the avalanche current is both area and peripheral it could be expressed by Eq (...
	Dividing Eq (1) by the area gives Eq (2) which is a simple straight line equation. It allows a di...
	Extraction has been performed on a .13mm technology with 4 devices with a common emitter length a...
	It can be seen on the first plot that experimental data are well aligned which validates the appr...
	Resulting area and peripheral avalanche currents are shown on the next slide.
	Both avalanche currents components have been extracted and look realistic!
	A first validation is done using Eq (1). It is possible to recalculate the total avalanche curren...
	It is also possible to know the contribution of each of the two components in a total avalanche c...
	For instance if the previous extraction is performed with larger dimensions than the real emitter...
	This leads us to look at the influence of the chosen dimensions on the extraction results. Which ...
	On the first set of plots extraction has been performed for 6.0V BVCEO NPN transistors in a .25mm...
	This means that the dimensions are too large compared to the physical dimensions corresponding to...
	As it has been done for the collector current a ‘g’ extraction could be done (called gC for the I...
	The last plot show the gAVAL and gC values versus the CB bias. gAVAL < 0 indicates that the avala...
	In any case gAVAL ë¹ gC, which means that the lateral extension of IAVAL is different from IC one...
	The third example is 3.3V BVCEO NPN in a .25mm technology. This extraction is done with the estim...
	As a result, the area component is negligible compared to the peripheral one. This is confirmed b...
	Extraction has been performed varying the dimensions by +/- 0.1mm but the conclusion holds, the a...
	To sum-up, two cases has been observed. In most of the cases, avalanche current is area and perip...
	At least gAVAL helps to determine the maximum size of this surface in order to get a positive per...
	If the dimensions are extended by gAVAL on each side the avalanche current can even be modelled b...
	But the fact that gAVAL ë¹ gC, indicates that the reference area for the avalanche current is dif...
	If the M factor is constant with device geometry, there will be no scalable issues with HICUM. Bu...
	In certain cases the avalanche current is peripheral Ì a current source proportional to the perim...
	What could possibly explain this differences between technologies?
	Avalanche current generation is the result of two factors: electric field high enough (critical v...
	The electric field is strongly sensitive to the shape of the junction (depending of the process: ...
	So the distribution of the avalanche current in the BC junction depends strongly on the device ar...
	The third part of this presentation is about a proposal for model improvement.
	For a certain type of transistors, area and peripheral avalanche current are available. For model...
	Neglecting the Early effect, the collector current at VBE=0.75V and VCB=0V could be chosen. As fo...
	Then area and peripheral M factor could be calculated.
	Next step is to model the M factor with a simple equation independent of other model parameters.
	Referring to Miller’s article in 1957, the M factor is expressed empirically by Eq (3) where MF i...
	Eq (3) could have convergence problem if VCB reaches BVC. Using the Taylor’s series, as M is clos...
	Eq (4) allows a direct extraction plotting log(log(M)) versus log (VCB). Both model parameters, M...
	Extraction has been performed with data coming from 1.8 BVCEO NPN transistors of a .13mm technolo...
	The Eq (4) M factor model is validated because the measured log(log(M))=f(log(VCB)) characteristi...
	The comparison between avalanche current measurement and model is satisfying for both area and pe...
	Now the total avalanche current could is the sum of two terms that could be expressed with Eq (5)...
	At last the model could be validated using thanks to the new verilogA available for HICUM 2.2.
	In the original HICUM code the avalanche current is modelled by a single current generator connec...
	Within ICCAP environment, simulations can be performed with verilogA code with the ADS simulator.
	Results are presented for three different bipolar transistors family. In each plot, measurements ...
	Each set of graphs has three plots, the first one is the BVCEO plot (IB versus VCB) than avalanch...
	For each family this approach allows to model accurately the BVCEO behaviour on the whole LE and ...
	• Conclusion

	Outline
	Introduction on the soft avalanche breakdown characterization and motivation of this work.
	Study of the geometrical dependence of the avalanche current.
	Modeling proposal and parameters extraction.
	Validation for HICUM 2.2 using VerilogA capabilities.

	Soft breakdown characterization
	impact ionization phenomenon (NPN transistor):
	impact ionization phenomenon (NPN transistor):

	Avalanche current and multiplication factor M:
	The avalanche current is defined as:
	The multiplication factor M is defined as:
	thus


	What about avalanche in HICUM?
	Presented at the BCTM 1998 [1]:
	planar breakdown occurring in the BC junction of the internal transistor below the emitter, the c...
	WBC, the width of the BC depleted region could be expressed with the internal BC depletion capaci...

	Geometry dependence of M factor:
	QAVL and CJCi are both proportional to AE, the effective area (ITF as well):
	M is geometrically independent!
	(and for a scalable model IAVL is proportional to AE)


	Measurements from ST tech.
	0.13mm technology, Bvceo=1.8V:
	0.13mm technology, Bvceo=3.0V:
	0.25mm technology, Bvceo=3.3V:
	0.25mm technology, Bvceo=6.0V:
	Unfortunately, the M factor does not overlay for every bipolar transistors of every technologies,...

	Geometrical dependence of Iaval
	To study the geometrical dependence of the avalanche current, area and peripheral components coul...
	(1)
	leads to: (2)
	allows an ‘Y=a.X+b’ type of direct extraction withand!

	0.13mm technology with Bvceo=1.8V, extraction performed with 4 devices with different WE (LE =15m...
	Validation on the avalanche current data:


	Influence of the dimensions
	Extraction for a 0.25mm technology, fT=30GHz and Bvceo=6.0V using the real emitter dimensions (dr...
	Peripheral component could be negative, not physical! The area considered is too large!
	Which dimensions have to be used?... Ì extraction of gAVAL which defines a surface collecting all...
	Ì gAVAL <0, area is too large! If real dimensions are reduced by 2xgAVAL peripheral component ª 0


	Particular case
	Extraction for a 0.25mm technology, Bvceo=3.3V with real dimensions (4 devices with different WE ...
	Area component is negligible! Avalanche current is mostly peripheral whatever the chosen dimensions!


	Intermediate conclusions
	In most of the case Iaval is both area and peripheral:
	Difficult to determine their respective contribution!... both currents are dependent of the dimen...
	gAVAL helps to define the minimum area in order to get a positive peripheral avalanche current.
	gAVAL ¹gC indicates that Iaval has not the same lateral distribution than IC! Ì Iaval could not b...
	if M varies with transistor geometry two current sources are required to modelled accurately the ...

	If Iaval is mostly peripheral:
	A current source proportional to the perimeter is required!

	What could physically explained this differences between technologies?
	The generation of avalanche current is the result of both the electric field in the BC depleted r...
	The electric field distribution is sensitive to the bending of the junction (SIC or not...):
	The lateral extension of the collector current flow through the BC junction depends on the 2D jun...
	Ì The distribution of the generated avalanche current in the BC depleted region depends strongly ...


	Modeling and extraction
	Both area and peripheral avalanche current have been extracted, the M factor needs to be defined,...
	The IC0 value should be coherent with the avalanche current extraction so:
	assuming(Early effect neglected) leads to:
	Ì direct extraction
	The approach is validated, IC0A and IC0P are extracted!
	MA and MP could be defined:

	and

	M needs to be modelled with a simple equation, Miller has defined M with an empirical law as [2]:
	(3)
	where MF is the exponent multiplication factor and BVC is assumed to be the BC planar junction br...

	Convergence problem for VCB=BVC! Thus as M is very close to 1, using the Taylor’s series, M could...
	(4)

	MF and BVC direct extraction (similar method extended to HICUM avalanche model explained in [3]):
	Linear fit on log(log(M))=f(log(VCB)) characteristic yields:
	extraction performed for a 0.13mm technology, Bvceo=1.8V:
	BVCA=3.6V
	MFA=5.4
	BVCP=3.7V
	MFP=5.0

	The total avalanche current could be calculated as:
	with (5)
	(6)


	Model validation
	Availability of a new verilogA code for HICUM 2.2!
	In verilogA code, the HICUM avalanche current generator has been replaced by two current generato...
	The previous new parameters QAVL and FAVL are replaced by 6 new ones IA, BVCA, MFA and IP, BVCP, ...
	Within the ICCAP environment, simulation can be performed with the verilogA code with ADS simulator!
	Experimental results for a 0.13mm technology, Bvceo=1.8V:
	Results for a 0.25mm technology, Bvceo=3.3V:
	Results for a 0.25mm technology, Bvceo=6.0V:
	This approach allows to model with accuracy all type of weak avalanche breakdown!
	Conclusion
	Proposal and validation of a area/peripheral model of avalanche current for scalable model improv...
	Possible improvement in term of more physical formulation of the avalanche currents?...split of I...
	Possibility to split the two current generators along RBX?
	How to introduce this effect in current HICUM model for scalable libraries?
	Do others users face the same issues in soft breakdown modeling?
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