
Selected Topics in Bipolar 

Modeling and Measurement 

• Influence of SHORT deembedding structure 

layout on RF device performance FOMs 

• Impact of substrate network (ring and DTI) 

on electrical characteristics 

 

    F. Stein BipAK, 11/15/2013 
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SHORT layout 

 several different approaches for design of SHORT 

structures existing giving significantly different 

resistance values for base port (port 1) 

 1) thin stripe 

 2) large stripe 

 3) full M1 SHORT 
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SHORT layout 
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 significant difference of R1 for different SHORT layout 

 confirmed by DC msmt 
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SHORT layout 

 impact on RF performance (10µm device, fspot=20GHz): 

middle stripe full M1 

loss of ~10GHz fT and ~40GHz fmax 
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Conclusions: SHORT layout 

 WHY BOTHER ? : 

 intercomparability: 

 ‘in-house’ => RF structures of: process integration, modeling, reliability, […] 

 ‘competition’ => compare processes of different companies 

 

 HOW TO SOLVE SHORT PROBLEMATIC: 

 standardized structure? 

 which one is the ‘best’?: conservative [full M1] or optimistic [small stripe] 

 insight provided through EM simulation? 

 

 HOW ABOUT                                                                 

THE ‘OPEN’ ? : 
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Modeling the Substrate Network 

 coupling between collector (BL) and substrate (S) 

 substrate network is said to have significant impact 

on device performance (cf. BipAK 2012 by IHP) 
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Direct Estimation of Network Elements 

 

 

 low frequency conditions (ω→0) 

 

 

 

 high frequency conditions (ω→∞) 
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Extraction Method Verification 

 
fvs

ZS

.
1







  fvsZS .

10
0

10
1

4

5

6

7

8

9

-1
/

Im
{
Z

S
}
 [

fF
]

f [GHz]

10
0

10
1

0

1

2

3

4

R
e {

Z
S
}
 [

k


]

f [GHz]

noDTI DTI 
 optimization 



9 

Impact of substrate ring on RF FOM 

 substrate ring variation trial 

 

 

 

 

 

 

 

 

 layout variation of distance between substrate p-contact 

and deep trench isolation 

substrate 

connection 

BL 

intrinsic 

transistor 

top view 

dDTI,S,x 

dDTI,S,y 

substrate ring 

DTI 



 variation of distance between substrate p-contact and 
deep trench isolation (dDTI,S,xy) as well as orientation 

 

 

 

 
 

double stripe, parallel and perpendicular substrate contact 

 

 

 

 

 

single stripe, parallel and perpendicular substrate contact 
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Impact of substrate ring on RF FOM 
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Impact of substrate ring on RF FOM 

 Layout variation: 

dDTI,S = 2µm 

dDTI,S = 5µm 

reference (lE = 10µm) 

other: 

parallel double 

perpendicular single 

dDTI,S = 0.4µm 
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Impact of substrate ring variation 

 

fT / fmax 

[GHz] 

dDTI,S = 0µm 278 / 281 276 / 272 280 / 277 276 / 271 280 / 275 

dDTI,S = 2µm 278 / 274 275 / 270 279 / 275 277 / 272 276 / 271 

dDTI,S = 5µm 273 / 276 275 / 269 277 / 270 277 / 273 275 / 269 

 impact of substrate ring variation on CSU yet not on CjS 

 no strong variation of RF FOM (within the limitations of 

the measurement accuracy) 

 maximum measurement frequency of 110GHz not 

sufficient (high enough) to see impact of gain vs. freq. 

summary table for RF FOM: 
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Impact of DTI on substrate network 

  substrate network element variation with dDTI  

 

 C  

 

 R  

 

 

 

 

 

 

400 450 500 550 600 650 700
10

12

14

16

18

d
DTI

 [nm]

C
S

U
 [

fF
]



14 

Impact of DTI width on RF FOM 

 negligible impact on fT or fmax [fmeas,extrapol = 20GHz] 
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Impact of DTI on substrate network 

 DTI vs. no DTI: strong impact on substrate network 
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Impact of DTI presence on RF FOM 

 DTI vs. no DTI: negligible impact on RF FOM 
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Conclusions: DTI, substrate ring 

 impact of substrate ring variation on CSU   

 junction capacitance (CjS) remains constant 

 clear influence of DTI thickness on RSU 

 capacitance diminishes & resistance increases 

 almost no influence of substrate ring position 

nor substrate form on network elements of EC  

 no significant variation of RF FOMs for neither 

of the discussed cases                 

(within the limit of measurement accuracy) 

 other characteristics / FOM? Simple RF circuit (RO)? 



18 

NOTES 

 DEEMBEDDING: 

 Ideas for unified SHORT in M1 layer? Remarks? 

 

 

 

 Substrate Network: 

 Significance for device modeling? Beyond 110GHz? 

 Current implementation suitable for modeling? 


