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-ct-A tm+hemional aanprehensive quasi-static capacitance model for 
the dtter-bace space-charge region of bipolar transistors is dweloped. ?he 
model includes the effects of emitter crudiq, the geometry of the trarisictor, 
an3 the c h i c  drop in the quasi-neutral base region. nie p-t model is 
jnpl~nented in SPICE c i rcu i t  sinnilator, and gocd agreement is oMained when the 
resulting transient response is asnpared w i t h  that obtained fiwn a t'a- 
dimensional dwice shuia tor  PIS=. 

SUMMARY 

?he spacechaqe-region capacitance plays significant mle in swi- 
sped and frequency response of semiconductor dwices, p a r t i d a r l y  for VLSI 
bipolar transistnrs k u s e  they have thin base regions which necescarily 
increases the tnse doping conoentration, and thus decreases relative hprtan=~ 
of the quasi-neutral base capacitance. Ruther, because of the -11 geanetry 
of VLSI dwices, tw-dhxsional  e f f edc  such as  emitter current-cmkiding and 
base resistance are iniportant, and the extrinsic space-chaqe-region 
capacitance needs to be rrrdeled apprupriately. Most the previouc treabnents of 
the space-chaqe-region capacitance focus on the intrinsic region (or the 
pl- region) [I]-[5]. Roulston and iQnar [6] dweloped an analytical mxlel 
for the peripheral emitter-base space-cbqe-region capacitance, tut the rmdel 
is only valid for junctions under z e r o  bias. ?hus a t w o - d b i o d  
mnprehencive capacitance maiel is needed. 

nie pirpoce of the paper is t o  develop a mmprehensive two-dimensid 
(planar and peripheral) quasi-static capacitance maiel for the emitterbace 
space-charge region of bipolar junction transistors. Zhis capacitance mxlel 
also applies tn the space-tharqe-region capacitawe of p/n junction dides. 
?he rrrdel includes the effects of the ohmic drup in the quasi-neutral base an3 
describec the capacitance for a l l  voltages and applies for practical Iur-ction . . . 
pmfiles. 

First,  by dividing the device structure intn three regions, the study 
f- on the resistance and the gecanetry of the base region, f m  wfiidi a 
mcdel for calculating the emitter-base junction voltage V can be found. A 
sinple iterative technique is used to calculate V nwierically. On the b i s  of 
the junction-voltaqe maiel and a recently dweloped one-dimensional capacitance 
mcdel [ 4 ] ,  we derive the planar and peripheral capacitances of the spae-dmqe 
region. ?he presentmaiel is then hplemented in SPICE circuit  sinulator, 
mich uses a 1-D junction capacitance maiel, to acsess the hpacts of the 
precent rode1 on the transient and frequency responsec of bipolar integrated 
circuits. Figure 1 il lustrates the t rans ien t  responsec obtained f m  
urmodified SPICE, f m  SPICE hplanented with the present 2-D model, a x l  f m  a 
2-D device sinnilator PISCFS for an inverter circuit with a fas t  inpt pllce. 



'Ihus, it is anticipated that the study will aid mre understarding on 
device behaviors and the presentinidel can provide better accuracy than thatof 
one4mmsional capacitance inidels for b i p l a r  inteqrated c W t  sirmlaticn. 
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FIGURE ~ C N S  

Fig. 1 CQnparison of the trancient r e s p n s e s  sirmilated f m  urmodified SPICE, 
f m  SPICE inplenwted with the present 2-D mdel, and f m  a 2-D 
device sirmlator PISCES for the inserted inverte~ circuit. 






