
Base resistance modeling
 Compact layout and bias dependent 

base resistance model for advanced 

SiGe HBTs
S. Lehmann1), M. Schröter1),2)

1)Chair for Electron Devices and Integr. Circuits, Univ. of Technol. Dresden, Germany
2)ECE Dept., University of California San Diego, La Jolla, CA, USA

mschroter@ieee.org

http://www.iee.et.tu-dresden.de/iee/eb/eb_homee.html

WCM, Boston, June 2008 
 © MS 1



Base resistance modeling
OUTLINE 

• Introduction

• Method

• Investigated structures

• Simulations and model

• Results

• Conclusions
 © MS 2



Base resistance modeling Introduction
Base current flow and resistance components

⇒  revisit existing equations and new development (FBC)
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n+ poly• existing model from 1991/92 for BJTs

with rSl/rSBi ≈ 0.2

• advanced HBTs: rSl/rSBi ≈ 1
=> deviations for bE/lE > 1/5 with 
     existing model

• silicided external base region 
=> single-base contact (SBC) 
=> more widespread (space efficient) 

• CMOS backend metallization 
=> vias instead of slot contacts 

• base contact perpendicular to emitter
(e.g., SOI and implanted collector)
=> foreside-base contact (FBC) 
=> not included in existing  models
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Base resistance modeling Method
Method

⇒  can use 2D device simulation 
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• model current flow in 2D yz-plane

• sheet resistance in each region κ

• voltage drop from transport eq.

with   

• continuity
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Base resistance modeling Investigated structures
Investigated structures
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• first set of structures (TED paper)
• Double B contact parallel and perpendicu-

lar to emitter 
• single B contact parallel to emitter
• ratio bE/lE = 0.02, 0.1, 0.17, 0.38, 1

bl bp bsil lp lsil bsilb 

value/μm 0.15 0.15 0.33
0.20

0.15 0.52
0.20

0.33
0.20

ratio to bE 0.6 0.6 1.32
0.80

0.6 2.08
0.80

1.32
0.80

• second set of structures
• single B contact parallel to emitter
• foreside B contact: single and double
• ratio bE/lE = 0.025, 0.05, 0.1, 0.2, 1.0

value/μm bl bp = lp bsil lsil bsilb rSsil 

case 1 0.15 0.15 0.2 0.2 0.2 8

case 2 0.15 0.15 0.1 0.1 0.1 8

case 3 0.15 0.15 0.1 0.1 0.1 16

rSl = 2200 Ω/sq

slot and via contact for base 

rSsil = (2,8,16) Ω/sq

rSp = 25 Ω/sq

rSBi = 2200 Ω/sq
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Base resistance modeling Simulations and model
 Simulations and model
Double-base contact (DBC) structures

 ⇒   boundaries to link (spacer) and internal transistor are equipotential lines

layout and equivalent circuit flow and equipotential lines
slot contact viasbE/lE = 0.38

⇒   current redistribution in silicide only
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Base resistance modeling Simulations and model
 Model: basic equations

 ⇒   apply similarly to other regions and equivalent circuit elements
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• internal base resistance

includes conductivity modulation, layout dependence,
emitter current crowding 

• parallel current flow perpendicular over boundary

• corners (link resistance example)

• distributed current flow  =>  more details later
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Base resistance modeling Simulations and model
Simulations and equivalent circuit
single base contact (SBC) structures

 ⇒   long structures suffer from silicide resistance (even at 2 Ω/sq)

via contacts

bE/lE = 0.02

bE/lE = 0.38
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Base resistance modeling Simulations and model
SBC structures / 2
distributed current flow and associated resistance

 ⇒   partitioning factor is approximately 0.15
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Base resistance modeling Simulations and model
SBC structures / 3
impact of distributed current flow on internal base resistance
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• internal base resistance  
=>  change to one-sided value

• transition variable (semi-empirical)

• transition function

   with afi = 0.65, u0 = 0.6, efi = 2.5, u1 = u0 +1/(2afi)
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Base resistance modeling Simulations and model
Simulations: Foreside base contact (FBC) structures
2 base contacts 

 ⇒   front side current fades beyond "transfer length"

bE/lE = 0.38

bE/lE = 0.02

via contacts
lET
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Base resistance modeling Simulations and model
Simulations: FBC structures
1 base contact (slot) 

 ⇒   flow lines pushed into the poly layer  =>  include in distributed resistance
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Base resistance modeling Results
Results
Total base resistance and components for DBC structures 

⇒   good agreement over wide layout and bias range 

... emitter aspect ratio ... bias (normalized base current)

=> impact of emitter current crowding

bE/lE

RBi

RBl

=> negligible impact of vias
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Base resistance modeling Results
Results / 2
total base resistance of SBC structures versus ...

⇒   good agreement over relevant layout, bias, sheet resistance range 

... emitter aspect ratio ... bias (normalized base current)

=> impact of emitter current crowding

bE/lE

=> negligible impact of vias

RBi

RBl
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Base resistance modeling Results
Results / 3
total base resistance of FBC structures versus ...

⇒   good agreement up to long stripes (bE/lE ≥ 0.05) 

... emitter aspect ratio ... bias (normalized base current)

=> impact of emitter current crowding

bE/lE

=> negligible impact of vias

RBi
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Base resistance modeling Results
Impact of process issues: "broken" silicide
     SBC structure                                                      FBC structure

⇒   little impact on SBC structure, around 10% for longer FBC structures

rB = 148.5Ω (148Ω) rB = 160Ω (148Ω)

interruption
 © MS 17



Base resistance modeling Conclusions
Conclusions

• updated set of layout dependent equations 
• single and double base contacts in parallel to the emitter
• improved BE spacer resistance, especially for short transistors
• variations of dimensions and silicide sheet resistance
• negligible impact of vias (vs. slot contact)
• proof of partitioning factor δ = 0.15 introduced in ’91 paper

• new additional set of compact expressions for foreside base structures
• single and double base
• valid up to at least lE = 10 bE 

• broken silicide has fairly little impact on DC base resistance

⇒   applicable to modern HBTs and BJTs

• For Details and equations see: 
M. Schroter, J. Krause, S. Lehmann, D. Celi, IEEE Trans. Electron Devices, 2008
 © MS 18
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