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> Solution: Distributed Matched Bypassing

* Possible implementations
> Discrete
> Embedded R
> Controlled-ESR MLCCs
> Controlled-ESR bulk

¢ Summary/conclusions

DesignCon 2007, TF-MP3 -2-



The Need (1)

Evolving landscape:

*  Higher density

« More independent power rails

«  Shrinking supply voltages and noise margins

CPU module from early 90’s CPU module from 2000
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The Need (2)

* PDN design is usually done in the frequency domain
 Target impedance is specified
* PDNis considered better if Z is lower

Impedance magnitude [ohm]

1.E-01
PDNZ2 Is better
than PDN1
1.E-02
jithi Or Is 11?7?77
Frequency [Hz]

1.E-03 -
1.E+3 1E+4 1E+5 1E+6 1.E+7 1.E+8
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The Need (3)

» The worst-case transient noise Is the lowest for flat R-L
Impedance

* The goal should be to minimize impedance ripple

Impedance magnitude [ohm] Step response [V]
1.E-01 1.2E-02 — :
Distributed Matched Bypassing: 10 mVpp/A
1.0E-02
Distributed Matched Bypassing
\ 8.0E-03 Multi-pole:
15.7 mVpp/A
1.E-02 6.0E-03
MUlti-pOle 4.0E-03 Big-V:
21.4v mVpp/A
Big-V 2.0E-03
Frequency [Hz] Time [sec]
1.E-03 0.0E+00 ‘ ‘ ;
1.E+4 1.E+5 1.E+6 1.E+7 1.E+8 1.E-9 1.E-8 1E-7 1.E-6 1.E-5 1E
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The Solution: DMB

« Distributed Matched Bypassing (DMB) creates flat impedance by
> Using low-Q components distributed evenly
> Matching the adjacent banks along frequency

* DMB assumes known ESR (+- tolerance)

$log Z Power Bulk Ceramic
source capacitors capacitors

AVP EAVP DET
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Possible Implementations: Discrete

For ohms ESR, discrete series R is doable:
«  R-Cpairs
»  Distributed along plane periphery, or
*  Distributed over the plane area

Impedance magnitude [ohm]

1.E+00
1.E-01 -
1.E-02 -
Frequency [Hz]
1.E-03
1.E+02 1.E+04 1.E+06 1.E+08
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Impedance with and without DET [ohm]

14E-01
1.2E-01 ~
1.0E-01 ~
8.0E-02 -
6.0E-02 -
4.0E-02 ~

2.0E-02 -

2.2X

!

1.9x

}

0.0E+00
1.E+08

Frequency [HZz]

1.E+09
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Possible Implementations: Embedde

ESR or regular multi-terminal capacitor Is raised:
»  Thick-film printed resistors
« Annular ring construction

Eight-terminal capacitor

R AR R R ZRT
XXX KX KIEESKXAINS
R RRRKIIRAIAKIIRRS

Printed resistors
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Embedded Implementation

Conventional aﬁml?a\rlvrim
- g

bypassing resistors
i Simplified PDN:
g
£ 304 >>94
E capacitors
B .
E Flat impedance
i profile
| ‘I
¥,
13

------
CR wa

e
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2.0E-01

With-R
Bare

| 0.0E+00 1

0.E+00 2.E+08 4.E+08 6.E+08 8.E+08 1.E+09
Frequency [Hz]

1.5E-01

1.0E-01

5.0E-02

DesignCon 2007, TF-MP3 -10-



Controlled-ESR MLCC Capacitors

AVX test results

1.E+01 ¢ 100

1.E+00

1.E-01

IMPEDANCE (ohms)
PHASE (deg)

1.E-02 |

1.E-03 : ‘ : 1100
1.E+06 1.E+07 1.E+08 1.E+09

FREQUENCY (Hz)

|===|z| 220 mohm ===z| 1.2 ohm ==|Z| 5 mohm —— PHS 220 mohm —— PHS 1.2 ohm —— PHS 5 mohm |
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Controlling ESR By Patterning

Upper plates
patterned

Lowest plates
unpatterned

HF
current”
loop

PCB planes where the
capacitor is connected

Vertical capacitor plates
[ |

Connection
to terminal
along the
full height
of plates

T A

Narrowed channel to increase ESR
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Patterning is
allowed only above
the keep-out zone

Patterning is OK
anywhere in the
vertical stack

Capacitor body

Terminal

-

-12 -

ESR and ESL can be
(almost) independently
changed by:

« Patterning plates inside
and outside of the HF
loop

 Changing plate
connections to terminals

 Changing the aspect
ratio(s) of the part



Patterning Results in MLCCs

ESR adjustment in 8-terminal part by changing connections to terminals

Impedance magnitude, real, inductance [ohm, ohm, H]

4.0E-2 B 7T T 8.0E-11
P
Inductance
3.0E-2 - A + 6.0E-11
2.0E-2 - X + 4.0E-11
/ B /
| Impedance \ / M
real part er
1.0E-2 {$ e 2.0E-11
Frequency [HZ]
0.0E+0 . 0.0E+00
1.E+6 1.E+7 1.E+8 1.E+9
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Controlling ESR by Resistive Plates

ESR can be increased by raising the resistivity of:
« Capacitor plates, or

© Tel'm | na|S Impedance magnitude, real, inductance
[ohm, ohm, H]
1.E+02 2.0E-09
Regular termination Inductance __—»
Resistive plates N—
_ \¥ _ '\\ \\\ | 1.5E-09
} S~ Magnitude \
N Y d \
1.E+01 \\‘/ 1.0E-09
Regular plates \\
Resistive terminations N /,"’
T + 5.0E-10
Real
«T Frequency [HZ]
1.E+00 | ‘ — 0.0E+00
1.E+06 1.E+07 1.E+08 1.E+09
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Controlling ESR by Aspect Ratio

Tests with stacked capacitors:
» One to ten reverse-geometry parts stacked
* Impedance profile measured

T

DesignCon 2007, TF-MP3 -15-



Changing Aspect Ratio: Results

1.E+00

1.E-01

1.E-02

1.E-03

1.E+02 1.E+03 1.E+04 1.E+05 1.E+06 1.E+07 1.E+08 1.E+09 0.0E+00

ESR goes up as height of part increases!

Inductance does not change beyond the secondary
resonances

Impedance real part [ohm]

\N

/

A\

7

Frequency [Hz]
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Impedance real part [ohm]
\

mmmmmmmmmmmm

1.4E-02 \ N |
\ A~
1.2E-02 \ 10 N / \
1.0E-02 ,./ ./
6\
8.0E-03 y /
6.0E-03 | /
= >

4.0E-03 b

W4
2.0E-03 -1

47 ‘

‘ | 1
1.E+04 1.E+05 1.E+06

-16 -

1.E+07



Controlled-ESR Bulk Capacitors

Low Q can be achieved by
» Low Inductance, and moderate ESR
» ESR has to be tested for Max

Impedance magnitude, inductance [ohm, H]
Conductive Carbon Layer 1.E-1 ~ , ~— 3.0E-9

Polﬁmer ,Silver Paint Layer N\ é \ /
/
| o — A L SR ——
Sintered o Molding Resin — B k \ ><\/ 2.5E-9
Tantalum ___ Dielectric

N\
Silver Paint oxide layer \\ \ / /\\\f 2.0E-9

- - = \\’#/ 1.5E-9

- 1.E-2
Cathode Terminal(-) Anode Terminal(+) W /})\' P Inductance s 4
x T / Magpnitude £ . + 1.0E-9
\
-+ 5.0E-10
l Frequency [HZ]
1.E-3 ‘ 0.0E+0
1.E+3 1E+4 1.E+5 1.E+6 1.E+7
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Summary

» Optimum PDN Is achieved with matched capacitor
banks

» Known +- tolerance of ESR helps PDN design

» ESR can be adjusted and controlled in several ways
> Added discrete resistor
> Embedded resistor

>
>
>

Resistive terminals
Resistive plates

Patterning of plates

> Adjusting aspect ratio and connection geometry
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Conclusions

» Low-Q bypass capacitors can be created in both
oulks and MLCCs

* Increased ESR does not increase inductance (if
done properly)

* Low-cost manufacturing options make controlled-
ESR parts affordable
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