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ABSTRACT- Based on the obscrvation made from numerical simulation that
the intrinsic basc sheet resistance and the current gain of a bipolar transistor have
samc functional dependance on the colliector current including high injection
range, a simple method for modeling the variation of the voltage drop along the
cmitter-basc junction including the high level injection cffect by non-lincar current
controlled voltage sources for distributed circuit analysis using SPICE is described.

SUMMARY- The distributed naturc of the basc resistance of bipolar
transistor plays a significant role in its performance. Thercfore, for exact modeling
of the bipolar device for circuit analysis we have 1o usc basc resistance model
including bias dependent physical cffects such as base conductivity modulation,
basc widening, and current crowding cffccts, which make the mathematics
relatively tedious, and may obscurce the relevant physical mechanisms. Instcad, we
may have to usc distributed bipolar model with the intrinsic basc resistance
including the above mentioned bias depended physical cffects.

Our bipolar distributed modecl is composed of 1 demensional bipolar
transistors represented by proper model with Ry =0 and current controlled voltage
sources to represent the different weight of base current flow according to the
location of RB‘_ (1= 1to5 in Fig.1(a)), RB‘_ dependency on collector current, and
the variation of the amplification factor B, along the lateral emitter-base junction.
The algorithm to find the current controlled voltage sources is cxplained as follows.

Referring to Fig.la, the voltage drop Vp; across cach basc resistor can be
modcled by a non-lincar current controlled voltage source in the from of a one-
degree multi-dimensional polynomial as

n
Vo, = aidet 3 oylc, (1)
j=i+

where « i represents the polynomial cocfficients as

Oy = o;By (2)
Here, Vy is the voltage drop duc to the base current flowing through the base
i
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resistor Ry, o; = — and assumed to be constant [1], By = — and n is the
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number of scctions into which the original device is divided. R, and B, arc
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obscrved to decrcasc with samc ratc as collector current increascs [2] so that «; is
sct to that of low current level.

In the above prrcsslon By represents the ratio of the current amplification
factors between section 1 and scctl()n j- This B is bias dependent and also can be
thought as a paramcter representing the currcnt crowding ctfect. [If all sections arc
divided with cqual spacc(cqual emitter arca), o, should be same for all i, and
cqual 1o Rp(0)/B:(0), where Rp(0) and B (0) arc for low current valucs,

‘The values of oy’s can be obtained as a function of [C by analyzing th

distributed modcl of bl])Oldr device as shown in Fig. l(b) at dlm,u.m bias volmg,s
using SPICE. 'T'his is accomph@hcd by initially assuming cach B;; cqual to 1 and
then adjusting the values of «;’s using the updalcd B after the éPICE simulation

until B’ ratios arc convcrgcd The conversion process for cach bias point is
rcachcd after a maximum of 3 SPICE runs.

Once the values of ay;’s are obtained of cach scction 1, a curve fitting for cach
current confrolled voltage source Vj is conducted to get one-dimensional multi-
i

degree polynomial in the form
N

Vi, = SP ) 3
j=1
where N is the polynomial degree.

Verification of our model was madc by comparison with the result of the 2
dimensional device simulator in term of DC and AC parameters and rcasonable
agrccment is obtained as shown in Fig.2 through Fig.5. To carry out the
verification, the base potential of the intrinsic transistor has been taken to be cqual
to the hole quais fermi potential and the emitter voltage is cqual to the external
emitter voltage.

In summary, by using the non-linear currcnt controlled voltage source to
represent the voitage drop across the lateral basc region of the sectioned transistor,
the distributed naturc of the bipolar transistor including the bias dependent
physical cffects including high injection range is readily modeled for SPICE in both
DC and AC analysis.
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Fig.1 Distributed bipolar transistor model.
resistances. Note that R,, for example, is

cffect from I, (1 =] lo 5) 0 Q,
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{a) represented by § sections with binc
not lumped 1n @, so that the debrusing

<an be ncluded. (b} the ohmic voitage drops

between ad;ac:m sections are modeled by nonlincur current controiied voltage

sources.
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Fig.2 Variauon of the internal base potential of Q¢ with the external appiied
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1 Fig.3 2D-simulated R”: and model equivalent R,,s ay 2 tuncuion of the external
e + applied voliage.
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Fig.4 The Gummel plot
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