ON Semiconductor®

A LOW SERIES RESISTANCE, HIGH
DENSITY, TRENCH CAPACITOR FOR
HIGH-FREQUENCY APPLICATIONS

Gordon Grivna, Sudhama Shastri, Yujing Wu, & Will Cai
Sept, 2008

www.onsemi.com



vV V V
L

Presentation Outline

. Introduction / purpose
. High frequency trench capacitors

a) MIS trench capacitors
b) High frequency “wrap-around” PIP cap.

. High frequency PIP capacitor characterization

a) Electrical characterization and modeling
b) Reliability evaluation

Potential enhancements / applications
Summary

Acknowledgments



1. Introduction/Purpose

» A novel, modular, high speed, VLSI MOS-compatible
decoupling trench capacitor with tunable frequency
response has been modeled and electrically
characterized.

» The flexible capacitor design enables low Dt, drop-in
capability across a number of technologies and has
been gualified for both CMOS and BICMOS
applications.



» 2. High frequency trench capacitors

a) MIS trench capacitors

“Typical” MIS trench bypass capacitors suffer from
large series resistance and consequent poor
frequency response.



MIS Trench Capacitors

Structure of “typical” MIS type bypass trench
capacitor with implanted bottom plate
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MIS Trench Capacitors

Structure of high density RF MIS trench capacitor
with laterally diffused bottom plate

(Extracted from F. Roozeboom et. al. -International Microelectronics and Packaging Society, 2001 )
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MIS Trench Capacitors

» Diffused bottom plate trench capacitors lose their
effectiveness as the capacitance per unit area
Increases, since the bottom plate resistance can
become prohibitively large.

» As trench depth and capacitance per unit area
Increase further, low resistance access to the
bottom plate becomes critical for high speed
applications.



MIS Trench Capacitors

Trench Capacitor Device Suitable for Decoupling
Applications in High-Frequency Operation

Extracted from International Patent Publication Number WO 2007/054870 A1, May 2007
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2. High frequency trench capacitors

a) MIS trench capacitors

b) High frequency “wrap-around”
PIP capacitor



“Wrap-Around” PIP Capacitor

X-section view of “wrap-around” PIP capacitor for
on-chip bypass and tuning applications
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» The use of a highly-
doped bottom liner
poly electrode and the
consequent
outdiffusion makes this
capacitor function even
in the presence of
highly-doped buried
layers which may
otherwise “break” the
connection of the
bottom electrode.

P+ Substrate
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“Wrap-Around” PIP Capacitor

X-section drawing of “wrap-around” PIP capacitor
In lightly doped substrate

Reduced resistance
to bottom plate

P- Substrate

Substrate contact Bottom plate PIP capacitor
or isolation trench contact trench “finger”



“Wrap-Around” PIP Capacitor

X-section SEM of “wrap-around” PIP capacitor in
lightly doped substrate
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PSS 1y “Wrap-Around” PIP Capacitor

» The addition of a
separate bottom
plate enables “drop-
in” capability
irrespective of the
substrate doping
type, EPI layers,
thermal budget, or
substrate dielectric Capacitor

layers.

Silicon top
structure
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3. High frequency PIP capacitor
characterization

a) Electrical characterization and
modeling

b) Reliability evaluation



Electrical Characterization

Leakage comparison of MIS cap (no liner) on bare silicon
substrate to PIP cap with bottom polysilicon liner
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Electrical Characterization

Poly lined trench caps have improved linearity
compared to standard MIS trench caps.

Capacitance Vs Applied Voltage
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Electrical Characterization
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Electrical Characterization
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Device Modeling

1 il Layout
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Device Modeling

Very High Frequency Capacitor
Layout n&=2, n,=20
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Device Modeling

Reduced Frequency Capacitor for audio-band filter chip

n=16, n,=1
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Device Modeling
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Device Modeling
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Device Modeling
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Model-Extraction

» Pseudo-2D
treatment is
valid for the
widths under
consideration
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Model Extraction
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» A low-frequency fit is first obtained: only 1-2 parameters are
tweaked; the rest are geometry-based

» Y-parameters obtained from LCR meter and Spectrum Analyzer



Model Extraction
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» RF parameter extraction requires S-parameter data from 2-port
GSG measurements

» Device asymmetry can predicted using lumped element model
» Correctly modeling substrate resistance is very important



3. High frequency PIP capacitor
characterization

a) Electrical characterization and
modeling

b) Reliability evaluation



e 1O Reliability Evaluation
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Reliability Evaluation

Lognormal Distributions
of Intrinsic TDDB Failures

Capacitor data
With Individual Lognhormal MLE's
Lognormal Probability Plot
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Reliability Evaluation

Maximum Likelihood Fit
Extrapolation to 10 V @ 150 °C

Capacitor data
with Lognormal Linear Model MLE
Lognormal Probability Plot
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Reliability Evaluation

*Quantile Estimates

*From Capacitor data at 2 MV.per.cm

Lifetime Estimates 10 V @ 150 °C

sLognormal MLE and Pointwise Approximate 90% Confidence Intervals
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Lognormal Distributions
Extrinsic Failure Mode Evident

Capacitor data
With Individual Lognormal MLE's
Lognormal Probability Plot
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Capacitor dielectric thinning on top surface after
poly etchback found as source for extrinsic failures

:OM1 Trench Capacitor R16, F
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Nitride on trench sidewall Top nitride after polysilicon etchback



4. Potential enhancements
and applications



Enhancements

Multi-use trench process: isolation, oxide termination,
substrate contact, bottom plate contact
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Oxide lined
trench with
substrate contact
opening

— 166nm EH LO1
TACL 18KU 49,6888 168mm

W= 10-Center-Trench-Top-4c Pz

.........

— 188nm [FH LB1
18KU 8.888 1B8mmn

Center-Trench-Bottom-2! 37 Paull



Enhancements

Optical X-section view of oxide lined
trenches with substrate contact




Enhancements

Oxide isolated substrate contacts
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SEM Highlighting deep polysilicon contact SEM highlighting dopant outdiffusion
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Oxide isolated substrate contacts
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Boron doped poly fill Phosphorous doped poly fill
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Enhancements

Extreme trench depth for very high
capacitance on chip

00017050



Enhancements

Potential for silicided bottom plate for
further resistance reduction.

P- Substrate

Substrate contact Bottom plate  PIP capacitor
or isolation trench contact trench *“finger”



5. Summary

» A high-performance trench capacitor has
been integrated into RF BICMOS and other
technologies.

» A distributed trench-capacitor model has
been developed and implemented in SPICE.
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» Models have been successfully used in
several high-frequency designs.

»Capacitor has been successfully added to
multiple substrates and process integrations.

»Several potential enhancements have been
demonstrated.
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