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Half Wave Resonances, time domain (1)
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S-Parameters Behavior (1)
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S-Parameters Behavior (2)

A1l: Constructive instead of destructive resonances
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There could be many % wave resonances
(and others) formed in the topology.
They’ll depend of the magnitude and
separation of discontinuities

Impedance magnitude [ohm]

| A B | T
SOROT TV LA L [Tl Very common in power structures,
(planes and plane shapes)

What happens when we put many
similar %2 wave resonances

one after the other? .

BGA via pin-field

Hl
http://www.electrical-integrity.com/Paper download files/DC0O5 Miller Novak Delap slides.pdf
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Periodical Discontinuities

- |f we put many of these %2 wave resonant cells one after the other, the
discontinuity constructively adds and the reflections amplifies

Unit Cell 0 MWy ‘||||||.||1..|1.|
— - — ' " s <P
©) | oA
. @ ) -10 L L 1 .
o ! |
vl4 B1[v) W4, B (V.14 B1[v.] -30 .
[IIJ [(1 DIJ [I:J [Cd Dd] [I.‘] [(1 DJ[IJJ @ "
40 F A
o} \ 1-Cell
N ol 2-Cells |
cosh(y,.d) = cosh(y.d) +(Z, | 21Zy)sinh(y.d) -
l > Concept known since 1928:
Length of one unit cell -60 https://en.wikipedia.org
/wiki/Bloch wave
A=D =cosh(pd)+(Z,/2Z,)sinh()d) 20 | | . | | | | | |
B =Z[sinh(yd)+(Z,/2Z,){cosh(yd)+1}] 0 0 20 30 40 50 60 70 80 90 100

F[GHz]

http://www.electrical-integrity.com/Paper _download files/DCO6 SUN AttenuationPeriodicalSiscontinuities slides.pdf

C = [sinh()d) +(Z, /2Z,) {cosh(;d) - 1}]/ Z,
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Periodical Discontinuity Test Board

TeSt boa rd 2.5 mm wide, 6in long microstrip on top of a 800 mil wide,
63 mil thick FR4 dielectric Resohance cIearIy seen in

Fixed 125 mils .
from the edge of the time and frequency

the trace to center domain
of the hole

Half wave resonance

Hole diameter increased from:

125 164 194 .250mils 1/ 2*500mils*150ps/in=6.6GHz
, , , TDR response (rho) 521 magritude [dB] ~ Baseline
Edge launch SMA 0.1 0.0E+00 —
\ N 0.08 - Solid plane
-5.0E+00 1 125-mil
0.06 -
0.04 - -1.0E+011 164-mil
194-mil
0.02 - . / 250mi|\
Half wave
0- resonance , \
2.0E+01 Dip
0027 Full wave
fime [sed] Frequency [Hz] resonance
-0.04 -2.5E+01
0.0E+0 5.0E+9 1.0E+10 1.5E+10 2.0E+10

http://www.electrical-integrity.com/Paper_download files/DC06 SUN AttenuationPeriodicalSiscontinuities slides.pdf



http://www.electrical-integrity.com/Paper_download_files/DC06_SUN_AttenuationPeriodicalSiscontinuities_slides.pdf

1000’s of them!!!! (High frequency, depending of wrap pitch)

When you are routing full-mesh backplanes

— Low frequency periodical discontinuities can be created as traces
passes under backplane connector

As you are crossing a BGA pin-field, or o
o In-fie
going around a connector.  ————p

Traces crossing the weave at an angle:
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Mitigation

Design Froperties
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Conclusion

Half wave resonances are the building block
of periodical discontinuities and are everywhere

- Reactive discontinuities modify the phase, such the
resonance dips, changes with frequency

1 1
. For the fundamental frequency using this approximation f, = ,or tpd =
I . 2.tpd 2. f,
will likely get very close to the dip frequency
- Small discontinuities add up when you align the o

resonances in periodical discontinuities “‘“il
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