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Present Modeling Options (1)
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Present Modeling Options (2)

body length (H1) stack

cover height (V1)
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Present Modeling Options
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Present Modeling Options

Simulated impedance with bedspring model

Impedance magnitude and real part [ohm]
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Present Modeling Options

Current distribution at SRF from bedspring model

Plate current: Dielectric current:
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Present Modeling Options

Black- box model, L(f), C(f)
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Present Modeling Options

Limitations

R-L-C models

. Simple model does not capture
secondary resonances

. Ladder models are causal, but complex

« Bed-spring model is most accurate, but
most complex

Black-box models
. Hard to guarantee causality
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Slow-Wave Causal Model

The unit cell (1)

MLCCs are periodically loaded transmission lines
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L oo E E e
EE P P oo EE P EE P EEE PP
EEE o SEEEE o EEEE [ EEEE BSOS EEE PP
/ EEE o SEEEE o EEEE [ EEEE BSOS EEE PP
TH t EEE o SEEEE o EEEE [ EEEE BSOS EEE PP
1 —_— Plates o SEEEE o EEEE [ AL | AL

9 e o SEEEE o EEEE [ AL | AL
o SEEEE o EEEE [ EEEE BSOS EEE PP

W TH D o SEEEE o EEEE [ EEEE BSOS EEE PP
1 it PN SEEEE o EEEE [ EEEE BSOS EEE PP
EEE s SEEEE o EEEE [ EEEE BSOS EEE PP

Turn 90 degrees LIS LSS S ey AL [ EEEE BSOS EEE PP
EEE o SEEEE o EEEE [ EEEE BSOS EEE PP
EEE o SEEEE o EEEE [ EEEE BSOS EEE PP
1 EEE o SEEEE o EEEE [ EEEE BSOS EEE PP
EEE o SEEEE o EEEE [ EEEE BSOS EEE PP
I L LIS ey S ey AL [ EEEE BSOS EEE PP
EEE o SEEEE o EEEE [ EEEE BSOS EEE PP
EEE o SEEEE o EEEE [ EEEE BSOS EEE PP
EEE o SEEEE o EEEE [ EEEE BSOS EEE PP
EEE o SEEEE o EEEE [ EEEE BSOS EEE PP
$ EEE o SEEEE o EEEE [ EEEE BSOS EEE PP
H1

EEE Bt B [ oo R oo
EEE Bttt Bttt [ oo oo

W1

< Terminal

DesignCon 2006, 11-TA4, February 2006 10



L Sun.

microsystems

Slow-Wave Causal Model

The unit cell (2)

Each capacitor plate pair forms one unit cell of load impedance
Unloaded end pieces are formed by the empty cover layers

Terminal ——

S S S S S, FETEREITITEET | ERERERERIIIERE | ERERERRRIIERERE | R

[} CRERAPy PR [ REPPERE ) RN [ RERERAS p PARRRN | B
AL, FERERE | ERERE R EEER) | RERERRT [ EREREN | FEREREREA 4 N\
AL, FERERE | ERERE R EEER) | RERERRT [ EREREN | FEREREREA
AL, FERERE | ERERE R EEER) | RERERRT [ EREREN | FEREREREA

XYY RRVYY (TEVVY ERRRVRY FRVYE EERVEYY EERERE  FEEFEFERER . v v
N T PO AR S I 5 I ) N (5 I - Zin
N o NDF TEEYR  RRYERRR PRERRE| (FEEYRRR RERRRE  RERRREIYEE
) AN e AR | ERPRERS [ RPN | BRSPS |:> O._ e — e . . . - e —-O
Zin eI, L L TR XRRRR  RERRRR)  RERERE  RERRRRIEEE un |t Un |t Un |t
) VG Ll RN RN EERVYRS  EERERY  FEVFREIERR X

i | R it A Nt i R i S 2 22 0 0
EEPEERRRE ) EEVRES | EERRREE | ERREEY | ERREEEE | ERRERR) | EEEEERE 5 PEEREE [ R Z t Cel | ce I | ce | I Z t
EEEYYRTEE  FYYFER PRYRFEE PRFEEY RYRFEER PERFER FYVEERS FEVEER  FRERERERER 00’ “pd_end 00’ “pd_end
EEEYYRTEE  FYYFER PRYRFEE PRFEEY RYRFEER PERFER FYVEERS FEVEER  FRERERERER - -
EEEYYRTEE  FYYFER PRYRFEE PRFEEY RYRFEER PERFER FYVEERS FEVEER  FRERERERER
EEEYYRTEE  FYYFER PRYRFEE PRFEEY RYRFEER PERFER FYVEERS FEVEER  FRERERERER (1) ( 2) (N)
EEEYYRTEE  FYYFER PRYRFEE PRFEEY RYRFEER PERFER FYVEERS FEVEER  FRERERERER
EEEYYRTEE  FYYFER PRYRFEE PRFEEY RYRFEER PERFER FYVEERS FEVEER  FRERERERER
EEEYYRTEE  FYYFER PRYRFEE PRFEEY RYRFEER PERFER FYVEERS FEVEER  FRERERERER
EEEYYRTEE  FYYFER PRYRFEE PRFEEY RYRFEER PERFER FYVEERS FEVEER  FRERERERER
EEEYYRTEE  FYYFER PRYRFEE PRFEEY RYRFEER PERFER FYVEERS FEVEER  FRERERERER
EEEYYRTEE  FYYFEY PRYRFEE PRREEY FYRFRER PARFER W FYVEENS FPEVEER  FYFRERERER

K EEVITTEY  PYYFEXYRVVIIIEY YTEIERERVIRIIEY TITTERERNVIYIENS FEVEEREREIREIEYEREY)
e — \ y

Terminal

DesignCon 2006, 11-TA4, February 2006 11



Slow-Wave Causal Model

Generating unit cell parameters from geometry
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The Lossy Transmission Line Model

Transforming the unit cell

Terminal resistance and inductance
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The Lossy Transmission Line Model

Simplified model
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Correlations (1)

Test fixture characterization

400x600 mil plane shapes
with 2.1-mil separation on
layers 20 and 21.

Three 7-mil blind vias Through holes for test

site on layers 2-3.
25-mil center-to-center

spacing. Three 12-mil
blind vias connect to
layer 20, with 25-mil

center-to-center spacing.
Horizontal spacing

between the two columns
of vias is 50 mils.

The capacitor pads are

80x35-mil rectangular

shapes with 20-mil air

gap.

- Through holes on 50-mil
—  center-to-center spacing
- for connecting semirigid
probes.
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Test fixture capacitance
Capacitance extracted from bare fixture’s impedance
Equivalent capacitance [F]
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Correlations (3)

Test fixture inductance

Inductance extracted from shorted
fixture’s impedance
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Correlations (4)

Test fixture resistance

Resistance extracted from shorted f
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Correlations (5)

Convergence of unit cell model

Percentage incremental change [%0]
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Correlation below SRF

One loss tangent domain

Impedance real part [ohm]
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Correlation below SRF

Three loss tangent domains

Impedance real part [ohm]
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Correlation with unit-cell model

Impedance

Impedance magnitude [ohm]
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Correlation with unit-cell model
Resistance (ESR)

Impedance real part [ohm]
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Correlation with lossy-line model

Impedance

Impedance magnitude [ohm]
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Correlation with lossy-line model

Resistance (ESR)

Impedance real part [ohm]
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Conclusions and future work

MLCC model based on periodically
loaded transmission lines:

« Very simple
« Guaranteed to be causal

« Captures primary and secondary
resonances

« Captures C(f) and R(f) below SRF

Coupling among capacitor plates is
not captured
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