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Cross Section

Base CollectorG'ate EmitterG'ate Collector

P+ P+ P+

PNP Lateral

NWELL

P Substrate= Parasitic Collector

* Main PNP lateral bipolar transistor (P+/NWELL/P+)
* Two parasitic PNP vertical bipolar transistor between (P+/NWELL/PSUB)
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Characterization: Forward Gummel (Lateral PNP)
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Besides the main transistor QL, two vertical parasitic transistors under the emitter (QVE)
and the collector (QVC) are included in the model. All the three transistors are represented
by the Berkeley SPICE Gummel-Poon (SGP) model.
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Characterization: Reverse Gummel (Lateral PNP)
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Reverse Gummel of QL

Total collector current is combination of transfer current of lateral bipolar (QL) and
transfer current of vertical bipolar (QVC).
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Characterization: Reverse Gummel (Vertical PNP)
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Reverse Gummel of QVE Reverse Gummel of QVC

Substrate-base leakage current of each vertical transistor is half of the total base
current
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Parameter Extraction Flow

IS, NF, VAF (QL, QVE, QVC)

BF, ISE, NE (QL, QVE)

l

IKF, RE, RBM, RB, (QL, QVE)

BR, ISC, NR, VAR (QL)
BF, ISE, NE (QVC)

!

KR, RC QD)

)

BR, ISC, NR, VAR (QVE, QVC)

IKR, RC (QVE, QVC)
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o |[f reverse early VAR is sufficiently large,

VAR extraction is necessary prior to

extraction of NF. (NFeff~ NF+Vt/VAR)

* Base-Emitter junction of QL is common to
QVE and base-collector of QL is common to
base-emitter of the QVC. So base-emitter
current extraction is depending on collector
saturation current of other bipolar QVE and

QVC.
¢ [t is recommended that all collector

saturation current (I1S) of QL, QVE and QVC
has to be extracted first, before any base-

emitter current extraction.
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Model Result: Forward Gummel (After Extraction and Optimizatiorf}™ “" "
Forward Gummel Plot of lateral PNP bipolar Forward Gummel Plot of vertical PNP bipolar i
transistor transistor :
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Model Result: Forward Gummel (After Tuning)

Forward Gummel Plot of lateral PNP bipolar
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Forward Gummel Plot of vertical PNP bipolar

transistor transistor :
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Model Result; Reverse Gummel

Reverse Gummel Plot of Lateral PNP bipolar Forward Gummel Plot of Vertical PNP bipolar
transistor transistor
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Gummel plot of vertical PNP at the collector side
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Model Result: Reverse Gummel (Vertical PNP)
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Reverse Gummel Plot of Vertical PNP bipolar Reverse Gummel Plot of Vertical PNP bipolar )
transistor at Emitter side transistor at Collector side 2
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Summary

* A complete lateral PNP transistor is modeled with a main SGP transistor (QL) and two
additional vertical parasitic transistors under the emitter (QVE) and the collector (QVC)

o Standardize extraction of model parameter for three SGP Bipolar sub-circuit
network

* Proposed model can valid any combination of bias ranges
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