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Introduction 
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Investigation of low-frequency (LF) noise  

 variability  

 degradation under electrical stress 

of IHP’s 0.13µm BiCMOS technology SiGe HBTs. 

DUT: 

 npn13p: fT/fmax=250GHz/300GHz 

 npn13g2: fT/fmax=350GHz/450GHz 

1/f noise measurement system PROPLUS 9812DX 

 Determination of base current spectral noise density @ constant IB and VCE=1 

 Frequency range: 1 Hz … 20kHz 

 
AK Bipolar, Crolles, 2019 



www.ihp-microelectronics.com    © 2019 - All rights reserved 

LF Noise Modeling 

4 

In VBIC and HICUM base current spectral noise density calculated as: 

𝑆𝐼𝐵
1/𝑓 = 𝑘𝑓𝑛

𝐼𝐵
𝑎𝑓𝑛

𝑓
+ 2𝑞𝐼𝐵 

with  

 Flicker noise coefficient kfn 

 Flicker noise exponent factor afn ≈ 2 

Not taken into account are additional, individual generation-recombination (G-R) 
traps leading to: 
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LF Noise – Parameter Extraction 
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Simple model gets good overall 
LF noise fit with: 
afn =1.8 and kfn =9∙10-9 

𝑆𝐼𝐵 ∝ 𝐽𝐵
1.8 
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LF Noise – Die-to-Die Variability 
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Comparison of different dies 
and HBT types lead to a 
variability of kfn over roughly 
two orders of magnitude. 
Corner:  
Worst case: 10x kfn 

Best case: 0.1x kfn 

0.1xkfn 

10xkfn 
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LF Noise Reliability - HBT Ageing under Reverse Stress (VBE<0V) 
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LF noise tool measures only 
VBE, no full Gummel   
Fit of VBE shift with compact 
model   
Change of non-ideal saturation 
current parameter iben. 

𝐼𝐵 = 

𝑖𝑏𝑒𝑖 ∙ exp
𝑉𝐵𝐸
𝑛𝑒𝑖 ∙ 𝑉𝑇

− 1 + 𝑖𝑏𝑒𝑛 ∙ exp
𝑉𝐵𝐸
2 ∙ 𝑉𝑇

− 1  

npn13p, Nx=8, 
AE=0.16x0.52µm² 
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LF Noise – Reliability Example 1: 1/f noise dominated 
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Tests with low or no stress showed: 
 No change of curves  

measurements reproducible. 
 
During extreme stress (VEB>2V): 
 Strong increase of SIB  
 G-R traps with shifting corner 

frequencies fc,i appear 

npn13p, Nx=8, 
AE=0.16x0.52µm² 
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LF Noise – Reliability Example 1: 1/f noise dominated 
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During stress: 
 Strong increase of SIB  kfn(10ks) 

= 100x kfn(t=0) 
 G-R traps with shifting corner 

frequencies fc,i appear 

npn13p, Nx=8, 
AE=0.16x0.52µm² 

𝑆𝐼𝐵 = 2𝑞𝐼𝐵 + 𝑘𝑓𝑛
𝐼𝐵
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LF Noise – Reliability Example 2: G-R trap dominated 
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During stress: 
 Strong increase of SIB  kfn(10ks) 

= 300x kfn(t=0) 
 G-R traps with shifting corner 

frequencies fc,i  

𝑆𝐼𝐵 = 2𝑞𝐼𝐵 + 𝑘𝑓𝑛
𝐼𝐵
𝑎𝑓𝑛
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AE=0.16x0.52µm² 
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LF Noise – Ageing Influence on 33-GHz VCO Performance 

11 AK Bipolar, Crolles, 2019 

Change of iben and kfn 
according to stress data  
ΔPN@1MHz = +1.2 dBc/Hz 

model parameter of this pair of 
transistors are changed  
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LF Noise – Ageing Influence on 33-GHz VCO Performance 
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 Change of iben (200x) only: 
ΔPN@1MHz = +0.1 dBc/Hz 
 

 Change of kfn (100x) only: 
ΔPN@1MHz = +1.1 dBc/Hz 

iben change only: kfn change only: 
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LF Noise – Ageing Influence on 33-GHz VCO Performance 
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 Base current degradation with slight 
influence on 𝑓𝑜𝑠𝑐 =

1
2𝜋 𝐿𝐶  

 Strong degradation of output power 
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Summary 
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 Although ignoring G-R trap influence on Flicker noise simple 1/f model sufficient for 
base current noise simulation 

 Strong die-to-die variability of noise parameter kfn 

 Degradation of LF noise performance under electrical stress due to overall kfn increase 

 Simulation of VCO performance with extremely aged SiGe HBT shows ΔPN@1MHz ≈ +1 
dBc/Hz 
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