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Challenge: Skew could kill 112Gbps PAM4

+ Differential pair skew to insertion loss
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Data Source: Reference 1.

Aﬁ' represent skew in angle
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Challenge: Skew could kill 112Gbps PAM4

« ATE load-board design key request
— 112Gbps PAM4 loopback (DUT tx — DUT rx), Ul = 17.86ps
— 2.5inch trace length to get around -10dB insertion loss
— Diff pair skew < 10ps (experience value) % % *

 Sources of skew

— Asymmetries in differential signal routing (length match)
— Fiber weave effect x * %
— PCB manufacturing limitations (like via stub asymmetry)
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Root cause: fiber weave skew

 Fiber weave in PCB material
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Data Source: Reference 4.
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Root cause: fiber weave skew

 Fiber weave effect e R
Fiber-Weave Effect

Resin
window

X

|

esin window example

Figure 3. Photos to illustrate fiber weave bundle parameters.

Table 1. Measurement results of fiber weave bundle parameters.
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Measurement Results (mil)

Style
X2 X3 Y1 Y2

Data Source: Reference 4.

1035 8.8 14.2 124

dk(er) of glass ~6
dk(er) of resin ~4

1080 ; 8.2 17.0 1.1 121
1078 : 16.2 1.0 17.6
3313 L 16.2 15 11.0
2116 = 17.2 2.0 15.5

Propagation delay could be different between P&N
Typical diff pair skew: 10ps ~ 100ps

B TestConX+HE.
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— Resin window size varies among difference glass style

Presentation 3
5G/mmWave

In most cases, Resin window size X3-X2 # Y3-Y2
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Root cause: fiber weave skew

— Prepreg: #1078 x2 ply

 |f fiber weave effect is not considered L Gore: #1035 1 ply
— Length matching between P&N < 1mil Stack up
Same via stub Iength Lane count | ane countin Y direction

70
450 lanes in total

Traces are routed in either X direction or Y direction o Test, 2.5inch
Test will fail '!!

Phaze Ceiay

| Simulation, linch Saaas | B Simulation, linch

Phase delay @28GHz: 13.97ps

=E: o Lane count | ane count in X direction

—— —~ ] ' = Huge dip exist 700

«0 Test, 2.5inch

— 1056 lanes in total

Differential phase delay skew, 1inch length Differential insertion loss, 1inch length

.TeSt 0 nX Achieve 2ps/inch skew in a differential pair for 112Gbps PAM4 Design
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Mitigation methods for fiber weave skew

- Minimize Resin Windows by using High Spread-out glass fabric

— Minimize dk difference inside dielectric material

Original High Spread out

We use #1035 & #1078 in the Test,
: already High Spread-Out type
Window Strand is enlarged and flattened by energy. HOWGVGI", Stl” have 8pS/inCh SkeW

*Strand is a bunch of glass filament. Window will change smaller

MEGTRONGK E-glass

Original Spread ouf High Spread out Style Standard Spread Out igh Spread Out
1027 No No
1035 No No
1078 No No
1080 No
3313 No
2116 No
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Mitigation methods for fiber weave skew

=+ Simulation, linch, 10° rotation

* Rotation (Gerber / CAM data / Trace) [
— Balance dk variation between P&N in a diff pair ijf::i‘k
a) Gerber / CAM rotation

.1 Phase delay skew @28GHz: 0.2ps

b) Trace rotation

IL dip @

‘ ;\Aledﬂeq.
c) Zig-Zagroutng IR EREEINERE R ] @180tz
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Mitigation methods for fiber weave skew

_|— Prepreg: #1035 x2 ply

e 2 p|y core + 2 ply PP StaCk-Up —— Core: #1035 x2 ply

— Minimize dk difference inside dielectric material Stack up

0
. Simulation, linch

Phase delay skew @28GHz: 0.78ps

Dual-ply glass resin windows

Data Source: Reference 4.

1. 2 plies of glass have little likelihood of aligning identically under one another.
2. The second ply serves to reduce the single-ply resin window size and hence glass-weave skew
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Mitigation methods for fiber weave skew

* Low-dk glass fabric
— Minimize dk difference inside dielectric material
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Data Source: Reference 4.
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Test result with 2 ply stack-up

« Test result for reference (2.5inch length, 2 ply stack-up)

Lane count in Y direction

N N N )Y N
5 ,x°° " o™ \00 1“0 300 ‘ °
\.1-“ T e o o o \3'Q \&9

Lane count
Lane count

Skew / one way [ps] *+5ps

1. Achieved 2ps/inch
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_|— Prepreg: #1035 x2 ply
—— Core: #1035 x2 ply

Stack up

Lane count in X direction

660

00\
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Skew / one way [ps]

2. 5ps maximum < 10ps requirement
3. No issue found in loopback test !!!

2022
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» Fiber weave skew occur randomly, prevention is much more realistic than prediction
« 4 feasible mitigation methods, must discuss with your fab vendor in early design stage

Name Phase delay skew @28GHz

1 High spread-out glass fabric 13.97ps/inch
2 Rotation From 13.97ps/inch To 0.2ps/inch (10 degree)
3 Use 2 ply stack-up From 13.97ps/inch To 0.78ps/inch

4 Use low-Dk glass fabric From 13.97ps/inch To 0.32ps/inch (w/ 2 ply)

« We can combine some of those 4 methods above together to get better skew

-TeSt 0 nX " Achieve 2ps/inch skew in a differential pair for 112Gbps PAM4 Design 2 0 2 2
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COPYRIGHT NOTICE

The presentation(s)/poster(s) in this publication comprise the proceedings of
the TestConX China 2022 virtual event. The content reflects the opinion of the
authors and their respective companies. They are reproduced here as they
were presented at TestConX China. The inclusion of the presentations/posters
in this publication does not constitute an endorsement by TestConX or the
workshop’s sponsors.

There is NO copyright protection claimed on the presentation/poster content
by TestConX. However, each presentation/poster is the work of the authors
and their respective companies: as such, it is strongly encouraged that any
use reflect proper acknowledgement to the appropriate source. Any questions
regarding the use of any materials presented should be directed to the
author(s) or their companies.
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