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Abstract 

We have developed a two dimensional DC/AC bipolar device siniula tor. Ry iisir~g i i, ur have inves- 

tigated f T - I C characteris tics of bipolar transislors,and have found somo di flerencos bctween 

DC and AC results. The differences nrc due to approximation errors inr F C  of Giin~mcl-Poon's morlel. 
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We have developed a two dimensional bipolar device simulator. I t has DC 2nd AC analysis proerams. 

Using our simulator, we have investigated differences of f T - I C charat:teristit:s dcrivoii from 

DC analysis and AC analysis. 

We use the decoupled method given by Gunimel [ 11 for DC analysis. The syslem of Poisson's 

equation i s  solved by the ICCG method and each system of hole and elt:ctroii ciirront continui t y  

equations is solved by the ILUCGS method. 

li'e use the coiipled method for AC analysis. The AC sys tern is ohtnincd by sinusoidal s teady sta  tc 

technique. And i t  i s  solved hy  the block-ILIJCGS metliod which i s  modified to solvc complex matrix. 

Both of these programs include physical models shown in Tahle 1. 
I n  DC analysis, the cut-off frequency f T i s  calculated by Gummel's mctliod [ 2 1 . According 10 

this method , f T is given by 

wliere r E c  i s  thti emi t ter-  to-collector delay 

time which i s  given by Gummel-Poon's charge - 

control model as follows [ 3 1 . 

S R I1 recombiiiation 

Auger recombi ria tion 

Impuri ty concentration,electric f ield and 

temperatiire dependent mobi 1 i ty 

Impuri t y  concen tra tion depcndmt cnrricr 

l i f e  time 

Slotboom's band gap nai.rowing model 

d i c I V C F = ~ ~ ~ ~ ~  tant Table. 1 Physical models includc~i i n  simulator 

progrnms. 

On the other hand, in AC analysis, f T i s  obtaincd by extrapolation with Gdli/octave curve i n  

Ih  r e )  - f characteristics. Ifere , h r e  i s  a small siena1 common emi tter current gnin. 

We analized bipolar transistors havinp, different epi-thickiiesses. Pig.1 sliows a sclicrn;itic cross 

section of Lhe analized transistor. Fig.2 shows the impurity profile of o 2.G-flni ~ p i  trarisislor. 

Pig.3 shows the impuri ty profile of a 1.0- ,um-epi transistor. The la t tc r  1i;is ttic sanie cros:; 

section as Pig.1. Resul ts  of calculalion are shown i n  Fig.4 and PiE.'5. 

Prom Fig.4, we have found the differeiice tietwecn DC analysis arid AC, analysis. 111 casc of AC, 

aiialysis, the falloff i n f ~  a t  h i g h  collcctor current is much lager than DC aiinlysis. I n  case 

of the thinncr epitaxial layer (Pis.5), the dilferencci is not ns Iarge as Lhat oT Pic.4. 
These diferences between DC analysis and AC analysis are diie to ;ipproxim;ition cirrors i n  thc 

E C  of Giimmel -Poon' s model . 
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Fip.2 Impuri ty profile of a 2.0-gm-epi 

transistor. 

Fig.4 f - I characteristics of 

a 2.0- P m-epi transistor. 

I:ig. 1 Scliematic orr!s': :;r:c:l.ion of an analyzed 

bipolar transistor. 
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Pig.3 Impurity [~rofiln oI a 1.O-I-lrn-cpi 

transis tor. 

1-J 
a 1.0- j~ m-epi transistor. 




