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1. Modelling of BJT Transistor

The syntax for the NPN type of this model is:

.model ModelNameNPN (parl=a par’Z=b.... parn=x)
For PNP case:

.model ModelNamePNP (parl=a par2=b .. parn=x)

Where parl, par2, .. parn arethe parameters that allow to
model equations of the BJT.



2. Parameters of BJT Transistor

The parameters of the BJT transistor which are essential for SPICE model:

Parameters | Description Units Default Value

IS Transport saturation current A le-16

XTI IS temperature effect exponent no unit dimension 3.0

EG Bandgap voltage (barrier height) eV 1.11

VAF Forward Early voltage Vv Infinite

BF Ideal maximum forward beta no unit dimension 100

ISE Base-emitter leakage saturation current A 0

NE Base-emitter leakage emission coefficient no unit dimension 1.5

IKF Corner for forward-beta high-current roll-off A Infinite

NK High-current roll-off coefficient no unit dimension 0.5

XTB Forward and reverse beta temperature no unit dimension 0
coefficient

BR Ideal maximum reverse beta no unit dimension 1.0

ISC Base-collector leakage saturation current A 0

NC Base-collector leakage emission coefficient no unit dimension 2.0

IKR Corner for reverse-beta high-current roll-off A Infinite




Parameters | Description Units Default Value
RC Collector ohmic resistance Ohm 0

CJC Base-collector zero-bias p-n capacitance F 0

MJC Base-collector p-n grading factor no unit dimension 0.33
VIC \Y 0.75
FC Forward-bias depletion capacitor coefficient no unit dimension 0.5

CIE Base-emitter zero-bias p-n capacitance F 0

MIJE Base-emitter p-n grading factor no unit dimension 0.33
VIE Base-emitter built-in potential Vv 0.75
TR Ideal reverse transit time sec le-8
TF Ideal forward transit time sec 0

ITF Transit time dependency on Ic A 0

XTF Transit time bias dependence coefficient no unit dimension 0

VTF Transit time dependency on Vbc Vv Infinite
RB Zero-bias (maximum) base resistance Ohm 0




3. Modelling of BJT Transistor

Begin with the parameters that can be set to their default values without
significant influence on the modelling.

Assume: XTI=3,EG=1.11 eV, XTB=0, TR=10ns, FC=0.5.

The only information we can use directly is
essentially the maximum value of £T at 300
T T A

Mhz, which allows us to estimate: o} Ta=25C AL

BCS546, B BC547, A, B, CBCS548,A,B,C
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TF=1/(6.28* 300 * 1076)=530 ps.
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following chart in the datasheet.

From this first curve we find IS and RB. We obtain IS=8.172 fA and
RB=32.751, then we set these values and continue.



In the next graph, we must report the so-called output admittance from the
datasheet.
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Now, we get: VAF=139.172.



Set the value found and continue with the next graph from the datasheet:
hfe versus current collector.
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As usual, fix the data and see capacitances graph.

Input Cob data and get the curve.
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Check on Fixed to set the data. We have already estimated TF=530ps. Then
we can enter this value and fix it.



Remain to be determined XTF, VTF,

values from the graphic.

Set XTF, VTF, ITF to their
default values (10, 10, 1), we
will see that the curve starts
to match datasheet curve.

With a few attempts, we
can have a good
correspondence with the
curve of the gain with the
following values:

TF=670 ps, XTF=150,
VTF=10, ITFl=1.
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Finally, the model BC548A has the following expression:

.model BC548A NPN( Is=8.172f Xti=3 Eg=1.11 Vaf=139.172
+ Bf=212.95 Ise=62.50f Ne=1.37 Ikf=208.44m Nk=.839 Xtb=0
+ Br=0.608 Isc=13.68f Nc=1.80 Ikr=2.152 Rc=.86

+ CJjc=3.968p Mjc=.316 Vjc=.833 Fc=.5 Cje=6.808p Mje=.477

+ Vije=1.319 Tr=10n Tf=670p Itf=1 Xtf=150 Vtf=10)



4. Modelling of Customised BJT Transistor in LTspice

For testing the customised BJT transistor create the schematic of the circuit
given below in LTspice.
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Notice in this common emtter BJT transistor circuit, at the collector there
are R3 and voltage source V1 providing DC biasing of the circuit and at the
base R1 and R2 resistors and a current source I1.




Create a Spice directive that include the device definition of the customised BJT
transistor as shown below.

.model BC548A NPN( Is=8.172f Xti=3 Eg=1.11 Vaf=139.172

+ Bf=212.95 Ise=62.50f Ne=1.37 Ikf=208.44m Nk=.839 Xtb=0
+ Br=0.608 Isc=13.68f Nc=1.80 Ikr=2.152 Rc=.86 CJjc=3.968p
+ Mjc=.316 Vjc=.833 Fc=.5 Cje=6.808p Mje=.477 Vje=1.319

+ Tr=10n Tf=670p Itf=1 Xtf=150 Vtf=10)

[T Edit Text on the Schematic: *
How to netlist this test Justification Font Size
() Comment Left e 1.B[default] = |
ance
(®) SPICE directive [ ] ertical Text

.model BCE48A MPM[ 1:=8.172f ¥ti=3 Eg=1.11 ¥af=139.172 Bf=212.95
+ |ze=62 50f

+ Me=1.37 [kf=208.44m MHk=839 xtb=0 Er=0.608 |zc=13.68f Nc=1.80
+ [kr=2.152 Ri=.86 Cjc=3.968p Mjc=316 Vjc=823Fc=5

+ Cje=6.808p Mje=477 Vje=1.319 Tr=10n Ti=670p Itf=1 =ti=150
+Wif=110]

Type Chl-b4 to start a new line.



Assign the NPN transistor in the circuit for this customised BJT transistor.

[ Compaonent Attribute Editor >
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Test the circuit with the customised BJT transistor by plotting the current
to voltage curve characteristics of the given BJT transistor.

E.‘I Edit Simulation Command * W Edit Simulation Command
Transient AC Analysic DCsweep  Noize DO Transter DO op prt Tranzient AC Analpsiz DCswesp  Moize  DC Transfer  DC op pnt
Eompute the DT operating point of a circuit while stepping indspendent sources and Compute the DC operating paint of & circuit while stepping independent sources and
treating capacitances as open circuits and inductances as shart circuits, hreating capacitances as open circuits and inductances as short circuits.
1stSource  Znd Source  3rd Source 13t Source 2nd Source  Fid Source
Mame of 1zt zource to sweep: Mame of 2nd source to sweep:
Stop value: Stop walue: 20u
Syntax: do [<octdec liny] <Sourcels <Starty <Stops [<Iners] [<sourceds ] Syntaw .dc [<octdecling] <Sourcels <Startr <Stopy [<Incry] [<source2y ]

dev1 01601 | [dodecv101601 1 02001y

Cancel Cancel

.dcdecV10160.111 0 20u 1u



The final schematic of the customised BJT transistor circuit is shown in the
following figure.




For plotting the current to voltage curve characteristics of the customised BJT
transistor, probe the current on the leg where the 1 kQ line goes into the
transistor (the collector).

A special symbol (i.e. a magnifying glass symbol) will show up if one hovers
over the leg.

The plot given in the figure below is the voltage-to-current characteristics of
the customised BJT.




