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Principal Engineer, Samtec
Sandeep@samtec.com | samtec.com

Sandeep has 20 years of experience in signal and power integrity for IC packages,
PCBs, PCB connectors and connectors for cable assemblies.
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WHAT’S THE OBJECTIVE?

Measure DUT transparently:

o Remove everything between test

instrument and DUT
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WHAT’S THE OBJECTIVE?

What we want to
measure
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WHAT’'S THE OBJECTIVE?

What we want to
remove from the
measurement

What we want to
measure
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Reduce IL: How do these apply to test

setups with:
o Move as close to DUT as possible
o Reduce losses as much as possible o Edge
Reduce RL:
o Minimize transitions o Vertical/Angled
o Impedance match transitions o Ganged connectors

o Avoid higher order modes
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Vertical/
angled

WHERE THE CHIP MEETS THE BOARD
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Edge Angled Vertical Ganged | Color
. key
Distance to DUT
Poor
Via transition to inner layer RL performance Depends
on flavor
Calibration plane at the connector
\
' D d
Crosstalk for ganged version . }( epends
Cost Best
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Edge Angled Vertical Ganged | Color
. key
Distance to DUT
Poor
Via transition to inner layer RL performance Depends
on flavor
Calibration plane at the connector -
\
' D d
Crosstalk for ganged version . }( epends
Cost Best
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Everything up to edge connector
Is removed by calibration.

Still to be de-embedded:

o Edge connector launch

o Approx. 3in. trace

WHERE THE CHIP MEETS THE BOARD

DesicnConezn ‘@;1 JAN. 30 — FEB. 1, 2024 #DesignCon 16 () informamarkets



DesicnConezn ) .30 - FEB. 1, 2024 #DesignCon () informamarkets

WHERE THE CHIP MEETS THE BOARD




Everything up to vertical
connector is removed by
calibration.

Still to be de-embedded:

o Vertical connector launch

o Approx. 3in. trace
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Everything up to vertical
connector is removed by
calibration.

Still to be de-embedded:

o Vertical connector launch

Takeaway:
Not very different from edge connector case
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Everything up to vertical
connector is removed by
calibration.

Still to be de-embedded:

o Vertical connector launch

o Approx. 1.75in. trace
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Everything up to vertical
connector is removed by
calibration.

Still to be de-embedded:

o Vertical connector launch

Takeaway: VLCs can move closer, ™ "%

but length matching is harder

[l
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Placed very close to DUT.

Calibration Density of connections allows
plane is at the very short trace lengths. All
end of the traces can escape similarly
cable

Still to be de-embedded:

o Few inches of cable

o Connector launch
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Edge connectors 3" PCB trace
Vertical/angled >1.25" PCB trace

Ganged connector 4" of cable

DESIGNCON‘:' PP JAN. 30 - FEB. 1, 2024 #DesignCon
WHERE THE CHIP MEETS THE BOARD i Y




Edge connectors 3" PCB trace
Vertical/angled >1.25" PCB trace

Ganged connector 4" of cable

Which is worse?
X inches of trace/X+ inches of cable?
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Insertion Loss
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Insertion Loss
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Takeaway: Cable loss << Trace loss
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WHEN SIGNIFICANT TRACE LENGTH IS NEEDED

GEN 1 GEN 2 GEN 3
oo -
C
5mil ling;
omil uVia 8mil Iine;
6mil uVia ~8mil line;

4mil uVia

VQES!CE'HGQ!VHE?MHD w!@jr JAN. 30 — FEB. 1, 2024



WHEN SIGNIFICANT TRACE LENGTH IS NEEDED

GEN 1 GEN 2 GEN 3
oo -
C
5mil ling;
omil uVia 8mil Iine;
6mil uVia ~8mil line;

4mil uVia

Takeaway: Shoot for widest trace with narrowest via
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(@)/) Cover most distance to DUT with low loss cable

@ Where trace is needed, use low loss diel, widest line possible with narrow
via

(@)/) Ganged vertical /edge connectors can be very beneficial
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Edge Angled Vertical Ganged | Color
. key
Distance to DUT
Poor
Via transition to inner layer RL performance- Depends
on flavor
Calibration plane at the connector
\
' D d
Crosstalk for ganged version . }( epends
Cost Best
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Footprint from

) o datasheet
( - // ®.067[1.70]
\ P THRU HOLE (2 PLCS) 0 01600.41]
\ SIGNAL PAD
@ .158[4.01] MIN
282[7.16] CROUND
CompreSS|On GROUND PAD
D. .
mount VLC R E
RECOMMENDED PCB LAYOUT

(SEE NOTE 2)
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Why so 1. Good Z, control:
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1. Good Z, control.

2. Energy escape

<<kmm
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Top View Side View

Connector body
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Top View Side View

Connector body
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—

Energy flow at ~ » — Energy flow at
lower freq. higher freq.
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PCB only has thru vias for
i — “— GND

This PCB has stacked +
staggered GNDs
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== —— Caution: Waveguides!
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E. field @ 95 GHz E. field @ 100 GHz

Adjusting GNDs above/below launch
independently limits unwanted energy
propagation
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E. field @ 95 GHz E. field@ 100 GHz
| | | - ~

jV\

Takeaway: Independent GNDs below launch
- better performance
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Vertical connector Angled connector
tip + PCB launch tip + PCB launch
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-15dB RL freq. vs. stub length

¥ ~ 10% reduction
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Shield

{
\
74

PCB
planes

L2
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(seen thru L2
opening)
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Shield

§ L3

Cavity energy injection potential ~ (seenthruL2
opening)
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(@)/:) Every wideband connector launch can produce modes that limit
performance

C@)/:) Balancing launch cavity size between Z, control; mode control is
key

(@)/) Stackable microvia constructions allow much higher performance

DesicnCon' ez

et ED IV QLY e ‘@7 JAN. 30 - FEB. 1, 2024 #DesignCon 52 () informamarkets



Edge Angled Vertical Ganged | Color
. key
Distance to DUT
Poor
Via transition to inner layer RL performance Depends
on flavor
Calibration plane at the connector
\
' D d
Crosstalk for ganged version -‘ _____________ }( epends
Cost Best
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Side
view

)

WHERE THE CHIP MEETS THE BOARD
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GANGED EDGE CONNECTORS

E. Field
@ 33 GHz
Metal
pulled
back from
PCB edge
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GANGED EDGE CONNECTORS
Field plotted here Channel A Channel B

ll[
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GANGED VERTICAL CONNECTORS - XTALK

Ganged
vertical
launch

connector

PCB with
multi layer 4
transitions

Mechanical
backer x-
section

Air cavity in backer
under launches
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Crosstalk (dB)
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' Backer plate channel ~ 0.13”. Turns
20 On here

. S ' Al i1 O
« Cable side
~ terminated

Crosstalk (dB)
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(@)/) Lots of opportunities to create unintended waveguides!
(@)/) Edge plating a must for edge connectors at high frequencies

(@)/) Mechanical support structures can worsen crosstalk

WHERE THE CHIP MEETS THE BOARD
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Edge Angled Vertical Ganged | Color
. key
Distance to DUT
Poor
Via transition to inner layer RL performance Depends
on flavor
Calibration plane at the connector
\
' D d
Crosstalk for ganged version . }( epends
Cost Best
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Gen 1 design:

IL - RL [dB]

A SN S S S S B S S H A

80 90 100 110

WHERE THE CHIP MEETS THE BOARD
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Gen 2 design: 4 [” ‘W WHW I\

15

Lower IL: similar RL

10

IL - RL [dB]
(@)]

20 30 40 50 80 90 100 110

WHERE THE CHIP MEETS THE BOARD

P
DesinCon ern ‘@1 JAN. 30 - FEB. 1, 2024 #DesignCon 67 () informamarkets



IL - RL [dB]

WHERE THE CHIP MEETS THE BOARD
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Edge Angled Vertical Ganged | Color
. key
Distance to DUT
Poor
Via transition to inner layer RL performance Depends
on flavor
Calibration plane at the connector
\
' D d
Crosstalk for ganged version . }( epends
Cost Best
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MORE INFORMATION

= Live demo at Samtec booth 939

» Further background: PCB Stackup &
Launch Optimization in High-speed PCB
Designs, DesignCon 2022

https://blog.samtec.com/post/wideband-

rf-launch-literally-everything-you-need-

to-know/

WHERE THE CHIP MEETS THE BOARD
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https://blog.samtec.com/post/wideband-rf-launch-literally-everything-you-need-to-know/
https://blog.samtec.com/post/wideband-rf-launch-literally-everything-you-need-to-know/
https://blog.samtec.com/post/wideband-rf-launch-literally-everything-you-need-to-know/

Thank you!

WHERE THE CHIP MEETS THE BOARD
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