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Introduction
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n[ Die-to-Die Variability ]
B[ Reliability under Reverse Electrical Stress ]
B ]

Influence on Circuit Performance — Phase Noise of VCOs
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Introduction

Investigation of low-frequency (LF) noise

107 g
W variability :
B degradation under electrical stress o O
T [
of IHP’s 0.13pum BiCMOS technology SiGe HBTs, < ™ ™™
DUT: ? 10‘25%’ flicker noise E
:r—shotnoiseZqIE————————— ——\———_ ]
® npnl3p: f;/f ,,=250GHz/300GHz o b N
W npnl3g2: f/f .,=350GHz/450GHz Frequency [ Hz ]
1/f noise measurement system PROPLUS 9812DX
B Determination of base current spectral noise density @ constant I; and V=1
B Frequency range: 1 Hz ... 20kHz
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LF Noise Modeling @

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

1/f Ig*/m
SIB - kfn + ZqIB

f 107 F

24 L G-R trap noise

S, [A¥Hz]

with

B Flicker noise coefficient k. N it - T8 ‘

B Flicker noise exponent factor a;, = 2 PR e
fn Frequency [ Hz ]

Not taken into account are additional, individual generation-recombination (G-R)
traps leading to:

n
Ig%m Kgri(l
s, Uf = - B 241, _I_Z 6r,i(Ip)
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LF Noise — Parameter Extraction

DUT: npn13g2, N
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LF Noise — Die-to-Die Variability

Example: npn13p, N_ =8, A_ . =0.16x0.52um?

10-20 L LR A % T T T LN

S, [A%Hz]

10'26 " s a1l P R R A | " MR AT " i 4111y
1 10 100 1000 10000

Frequency [ Hz ]

Comparison of different dies
and HBT types lead to a
variability of kg over roughly

two orders of magnitude.
Corner:

Worst case: 10x kg,
Best case: 0.1x kg,
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Reverse stresstest: VBE=-3V VCB=0V t=10ks
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Vgge(V)

LF noise tool measures only
Vg, no full Gummel =
Fit of Vg, shift with compact

model 2>
Change of non-ideal saturation
current parameter iben.

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

AK Bipolar, Crolles, 2019



LF Noise — Reliability Example 1: 1/f noise dominated

Reverse stresstest: VBE=-3V VCB=0V t=10ks

10-17 I L ' | L |

" , npn13p, Nx=8, ——Ig=100nA Tests with low or no stress showed:
L. Ac=0.16x0.52um’ — Ig=1yA = No change of curves 2

10-19 ;

measurements reproducible.

During extreme stress (V z>2V):
= Strong increase of S,
G-R traps with shifting corner
frequencies f, ; appear

S|g(A%/Hz)
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1 10 100 1k 10k

Frequency(Hz)
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LF Noise — Reliability Example 1: 1/f noise dominated

Reverse stresstest: VBE=-3V VCB=0V t=10ks

10" ——y T T

5 |_=100nA kfn=6.23e-8 — t=0s During stress:
10 B kfn=4e-7 —1t=10s . < . £S Sk (10K
0" npn13p, Nx=8, kfn=2e-6 ——t=100s trong increase of Sig > K, (10ks)

A;=0.16x0.52um? kfn=2e-6 =~ ——t=1ks = 100x k,(t=0)
kfn=6e-6 = ——t=10ks G-R traps with shifting corner

kfn/kfn=96.3 frequencies f, ; appear
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LF Noise — Reliability Example 2: G-R trap dominated

Reverse stresstest: VBE=-3V VCB=0V t=10ks
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LF Noise — Ageing Influence on 33-GHz VCO Performance @

model parameter of this pair of
transistors are changed
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Change of iben and kfn e .

1k 10k

100k ™ 10M 100M

according to stress data =2
APN@1MHz = +1.2 dBc/Hz

Offset Frequency(Hz)
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LF Noise — Ageing Influence on 33-GHz VCO Performance

Change of iben (200x) only:
APN@1MHz = +0.1 dBc/Hz

Change of kg, (100x) only:
APN@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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Tuning Voltage Viyne(V) Tuning Voltage Viyne(V)
= Base current degradation with slight
influence on f,;. = 1/271\/E
= Strong degradation of output power
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U I Y @

B Although ignoring G-R trap influence on Flicker noise simple 1/f model sufficient for
base current noise simulation

B Strong die-to-die variability of noise parameter kfn
B Degradation of LF noise performance under electrical stress due to overall kg, increase

B Simulation of VCO performance with extremely aged SiGe HBT shows APN@1MHz = +1
dBc/Hz

www.ihp-microelectronics.com | © 2019 - All rights reserved | AK Bipolar, Crolles, 2019 14



Thank you for your attention!
Fischer, Gerhard

IHP — Innovations for High Performance Microelectronics
Im Technologiepark 25

15236 Frankfurt (Oder)

Germany

Phone: +49 (0) 335 5625 574

Email: gerhard.fischer@ihp-microelectronics.com

i

innovations
for high
performance

microélectronics

“Zﬁ#"".
Leibniz
Association

A10



