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Abstract

Wepresentresultsof two-dimensionalsimu-
lations of polysiliconemitterBipolar Junc-
tion Transistors (BJTs). For that pur-
poseproperpolysiliconcontactmodelshave
beenimplementedin our two-dimensional
simulatorMINIMOS-NT. By accountingfor
self-heatingeffects a good agreementbe-
tweensimulatedandmeasuredforward and
outputdevicecharacteristicsis achieved.

1. Intr oduction

Polysilicon emitter silicon basedBJTs
are attractive semiconductordevices with
their high performance-to-costratio andare
usedfor, e.g.,powerapplicationsin modern
mobile telecommunicationsystems.Accu-
ratesimulationssave expensive technologi-
calefforts to obtainimprovementsof thede-
vice performance.

2. DeviceFabrication

The device underinvestigation is a Dou-
ble BaseSilicon Bipolar JunctionTransis-
tor epitaxiallygrown by a ChemicalVapour
Depositionprocess. An n-well (Arsenic),
similarto theimplantedoneusedin thestan-
dardCMOStechnology, is grown duringthe
epitaxial process. The buried layer (Anti-
mony) is connectedto a sinker (Phospho-
rus)to conducttheelectroncurrentfrom the
buriedlayerto thecollectorcontact.

Thebaseconsistsof anintrinsicbase(be-
low the emitterwindow, Boron doped)and
the extrinsic base(highly Boron dopedun-
derthebasecontact).

The emitter-basejunction is formed by
a diffusion processof a polysilicon layer
which is placedon the p-dopedbaseunder
the emitterwindow. After implantationof
Arsenic,a diffusion processpushesthe Ar-
senic into the p-dopedbase,thus forming
theemitter-basejunction.
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Figure1. Devicestructureandnetdopingprofile (absolutevalue)

3. ProcessSimulation

In order obtain results of practical use
appropriateprocesssimulationfollowed by
device simulationand device optimization
needto beperformed.Theprocesssimula-
tion is straightforward andidentical results
canbeobtainedusinge.g. TSUPREM4[1]
or DIOS [2]. The device structureandnet
doping profile are shown in Fig. 1. The
simulationdomaincovers only half of the
realdevice,becauseof thesymmetricdevice
structure.

4. DeviceModeling

The two-dimensional device simulator
MINIMOS-NT [3] deals with different
complex materials and structures. The
physical models used are well calibrated
[4], especially for silicon-baseddevices.

Various important physical effects, such
as band gap narrowing [6] (see Fig. 2),
surfacerecombination,andself heating,are
taken into account. In addition, we have
implementedthe polysilicon contactmodel
after[5].

Thus,thedielectricflux � throughtheox-
ide reads

� �"!
#%$'&(#*)
+ &-,/.10 (1)

where # ) is the relative permittivity of the
oxide,

+
is the oxide thickness,and , .10 is

thevoltagedropover theoxide.
The electron and hole current densities
acrossthe contactinterface 2�3 and 2(4 , re-
spectively, read

2 3 � 5 &-,/.10 (2)

2 4 � 6 &�78&:9 4 (3)

where 5 is the oxide conductivity, 7 is the
concentrationof holes in the semiconduc-
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Figure2. Bandgapnarrowing dependingon
thedopantspecies

tor, and >@? is thesurfacerecombinationve-
locity for the holes. The voltagedrop over
theoxide ACB1D dependson theFermilevel in
themetal(which is specifiedby thecontact
voltage EGF ), the potential in the semicon-
ductor EIH , andthebuilt-in potentialJLKNM .

A/B1DPOQEIHGRSEGFTRTJLKNMVU (4)

In the case of simulation of the output
characteristicsone meetssevere problems
to achieve realistic results, especially in
the case of power devices. Therefore,
self-heatingeffects were accountedfor by
solving the lattice heatflow equationself-
consistentlywith theenergy transportequa-
tions.

5. Simulation Resultsand
Comparisonwith
Measurements

Theresultfor theelectroncurrentdensity
at WYXCZ = 1.5 V is shown in Fig. 3. Note,
thecomparatively highelectroncurrentpor-
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Figure3. Electroncurrentdensity
at W XCZ = 1.5V

tion of thebasecurrentwhich occursat this
bias. Comparisonsbetweenthe measured
andsimulatedforwardGummelplot (Fig.4)
andcurrentgain (Fig. 5) show goodagree-
ment.

In Fig. 6 we show the simulatedoutput
devicecharacteristicscomparedto measure-
ments for basecurrent of 2, 4, 6, and 8
mA. We achieved also goodagreementby
including self-heatingeffects. The higher
lattice temperatureswhich occur in the de-
vice significantlychangethematerialprop-
ertiesof the device and,therefore,its elec-
trical characteristics.

6. Conclusion

We presentthe device simulationresults
for polysiliconBJTcomparedto experimen-
tal data.Theachievedvery goodagreement
is aprerequisitefor deviceoptimizationand
fine tuningof fabricationprocessdependent
parameters.
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Figure4. Measuredandsimulatedforward
Gummelplot atV gih = 0 V at300K.
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Figure5. Currentgain vs. collectorcurrent.
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Figure 6. Measured(symbols)and simu-
lated(lines)outputcharacteristics.
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