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Agenda

 1.85mm vs. 1.00mm Coax Connectors and Cabling
 BE70 ISI and BE9O ISI Channel Emulators

* BE90 EVB as a C2M Emulator

 Some (non)-Intuitive Pulse Responses

* Coax Cable Moding Revisited

e Conclusions and Summary
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Part 1: 1.85mm and 1.00mm Coax Connectors and Cables
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1.85mm and 1.00mm Coax Modal BW

10Gbps 25Gbps 56Gbps 112Gbps 224Gbps 448Gbps
NRZ NRZ PAM4 PAM4 PAM4 PAMA4 Fmax = 130GHz

3.50 —!  |EEE Std 287 defines expected

De-Rate modal cutoff frequencies (f ) from

Higher
g v e mechanical interface specification
Order

Modes

2.92

 De-rated (f,,,,,) for margin and
interoperability per Butterworth
filter cutoff (f,.) traditionally 1.5x
fundamental frequency.

« 448Gbps PAM4 F_Nyq = 112GHz

Factor of 1.16X to 1.00mm Airline
modal BW
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Higher Order Modes in Coax - Analytic

« High d d TEM ' / ' '
pll'gP:;(a)triO?lr modes = non Jn(kca)Yy(keb) = Jn(kcb) Yy (kea)

e These modes do not exist below cutoff

(fe) . COkC
fC - 27-[\/8_1-

* First higher order coaxial mode TE11

 Reducing inner (2a) and outer diameter v
(2b) or relative permittivity (¢,.) increase k. =
cutoff “ a+b
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Two Areas of an RF Cable Can Mode

« Airline region of RF connector @ 1.42 mm
* Dielectric support bead
complicates
RFO47-A-10SP-10SP RFO47-A-10SP-10SP
SCALE 6:1 SCALE 4:1

« Cable cross-section limited by @2.54mm _

air/polymer composites
(foaming density)

RFO86-18SP-18SP RFO86-18SP-18SP
SCALE é:1 SCALE 4:1
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Tolerance to Bore Relationship

Cable inner conductor shrinks by 52%
Conductor gap for 1.0 mm shrinks by 46%

Tolerances of 50 um (bore) and 25 um (pin) ke = a+tb 20 =T * (2a+2b)

~2 Wavelengths must fit
around the sum of the
conductor contours to

| oomil

h mode
2b 4, —4[ 2a 2.8X Tighter Pin
T Diam. to Bore
m Diam. Tolerance
g 7 5
oD
cm;:s;t " m;)minaln (mm)tolerance nt:)minalh (mm)tolerance Cable Type il (in) ?b oo (in) Cen e
1.85 1.85 +/-0.0127 0.8036 +/-0.0127 086 0.023 0086 &
1.0 1.0 +/-0.0050 0.4340 +/-0.0025 047 0.011 0042 132
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1.85mm vs 1.00mm Compression Connector Comparison

1.00mm Setup 1.85mm Setup

B

E
-
g

8 IEEE Webinar: Precision mm-Wave Test Fixtures for 400Gbps Phys



40 TDR Waveforms per Connector Type

[/ di - Single Ended - Risetime = 6 ps (20-80%,
- | l mpedance - Single Ended - Risetime = ps (. ]) : ] | \l,w | E:’ 'M
i\ ! | )’ | “
“ \ l“‘ ‘\\j ‘.*‘ -

52

51

Impedance ({2)
3

)
(-]

48

47

GroupName=1.85mm
WVSKORN, iy GroupName=1.0mm
46 S e '

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1
Time (ns)

e Larger percent tolerances in the smaller 1.00mm Bore present an in-band
VSWR penalty to 50GHz for the extra 60GHz of modal BW.
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40 TDR Waveforms per Connector Type

: : Return L]oss - Sing!e Ended : :

-10 -

-15 -
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Larger percent tolerances in the smaller 1.00mm Bore present an in-band
VSWR penalty to 50GHz for the extra 60GHz of modal BW.
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Direct Comparison on Cable Requires Over Moding

1.85mmvs 1.00mm
Termination

(T (1=

N5293AX03
I 110GHz VNA
Heads . Head
150mm Long Samtec BE70 -
Skew Matched Cable Pairs

110GHz VNA

11 IEEE Webinar: Precision mm-Wave Test Fixtures for 400Gbps Phys

Samles




Reducing Coax Diameter to Increase Modal BW

08§ vs 04? - Insertion l.qss - Siqgle Enclled | |
e Choice 1: Terminate lossier RF047 in both ——RF086_10SP_10SP_152mm

1.85mm and 1.00mm preserving modal BW at ——— 047 105P 205P 152mm
higher IL.

 Choice 2: Terminate less lossy RF086 in both AL
1.85mm and 1.00mm overmoding less lossy
cable from Fc to 110GHz.

« Same length RF cable assemblies.

« Loss increases due to smaller cable cross- 2 | i
section

« HOM present in RF086 cable apparent after f,

-1.5 m

Magnitude (dB)

3 \ | \ I \ \ \ I ! |
10 20 30 40 50 60 70 80 20 100 110

Frequency (GHz)
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Modal ISI as Insertion Loss Deviation (ILD)

0 ‘ ; Pulse - Differential
L1_150mm.sdp —ETTET
s it /ﬁ =
-5 o 7 03
3 9ps Pulse Response
o
-10 Nl ]
= = i
; 0.25 — o
1 o 7 © B B
3 3 w O
3 uw ©°
20 . o = 3 3
g : =0 5 3
g [ Z ]
T 25 -22dB = i : 0 ©
S ¥ Onset of g 3 = ™
a WA, Modal ISl = $ous- S= = =
-30 - 'ZGdB h ; 8 _ a
3
3
- 0
35 30dB 5.: 7 0.1+ =
a0 -34dB i
0.05 |—
sk -38dB \ i
65GHz 90GHz
-50 | | | | | | i |
0 10 20 30 40 50 60 70 80 90 100 110 0 Py a 5 i 5 =

Time (ns)

Frequency (GHz)

* Measured 19 dB Loss @ 56 GHz
« HOM is more directly observable in 1.00 mm terminated and overmoded RF086 coax
- 1.85 mm above cutoff is dominated more by impedance mismatch than modal ISI

E
-
g
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Exciting Higher order Modes In Simulation

Excmng Higher Order Evanescent Modes with Dlscontmumes in RF086 Cawty * Higher Order Modes represent
| | changes in wave momentum wrt
Oum to 2X 20um Offset to TEM propagation.
] i A i L s
9’/Il ] ﬂi R B A Al A e Excited with simple center
First Higher Order . ‘ | TAAVAVNRIATRTAY conductor step discontinuity
mode at 71.65GHz ™ s | e e .
e placed inside continuous ground
cavities.

* ‘Notch’ frequencies in S21
correlate to frequencies from
eigen mode solver.

J|
rr

Step discontinuity to center conductor in Moding is highly
“*" YZ-Plane produces moding in YZ-Plane only il " observable in Group Delay

1n
o
3
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3D EM Model for Cable Moding Signature

0 I
* 3D EM model exploring TE11 coaxial |
mode excitation through center 05 - | :
. . . | Center Conductor Step Offset to Excite d
conductor step discontinuities I anessent TELL Modes 2
* Cable cross-section with f. of 71 GHz tol Coax TEL1 Mode e |
* Evanescent modal excitation present - ( W f
o z -0.2dB
as narrowband suckouts in S21. S ]
* Energy is lost to decay Sads
* Observe TE11 modal cross section 20l |
signature in wave guide cross section 0,68
slice | |
. -0.8dB
Ef(_‘
71GHz 74GHz
30 1‘0 z‘o 3‘0 4|0 ;o s‘o 7‘0 z;o s;o 180 110

Frequency (GHz)
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TE and TM Modes as Orthogonal Swimmers

Insertion Loss - Single Ended
T I

Propagation as Swimmers 0 . ‘ | |
* Assign E-field to Dorsal Fins TEMMode  RF086 Coax  TE Modal f

Cut Plane Cut Plane

e Assign H-field to Pectoral Fins el |
* Assign Pointing Vector to Noise
« Sharkies swim left to right Condiator Step
*  Dorsal fin transverse (TE mode swimmer) 1r Offs;:t,\t,,oof:ite il
* Porpoises swim up and down _ IL L,Il
e Pectoral fin transverse (TM mode swimmer) ;g.u: § !
s

Then what swims strait ahead....?
* Let Octupus =TEM Mode I@ES,VS[SS,%,,
* In practice, the octopus TEM pulse gives birth to '
an evanescent sharkie at locations where

momentum changes. The baby shark TE mode .
can not swim around the coax center conductor — o oy

and decays reflectionless. Scarred octopus —hiiny | TMehfeqeg | | | | |

pulse makes it to far end Rx. ° 1 x 50 o 0 " w p o w

n
]
-'3-
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224Gbps Time Domain Test Setup

Swap 1.00mmvs [
1.85mm terminated ||
Cable Assemblies

4 =
y [ . e

i MB050A

1.85mm Female to |
~ ~1.00mm Male Adapter |

.
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224Gbps Time Domain Results

Min ConneCtOr and RX BW MaX ConnectOr and RX BW P KEYSIGHT File Setup Measure Tools Apps Help

Jitter/Noise

F4: DFE[F3]

I« Level
Pat. Length: PROB SP | Src: Rate: Pat. Length: PROB SP

|Measurement [ Eye 0/1 Eye 1/2| Eye 2/3| Measurement |  Level 0 Level 1|  Level2 Level 3
Eye Width (2.3E-5) 18amull 224mui|  206mull &) | [evel T 2rnmv]  6mv. ®2mv  273mv
Eye Height (2.3E-5) 20 79.0mvV 762 mV TI (2.3E-5) 90 mV| 9 mV,
78 7.59 4B 7.56 dB RN (rms) |
Eye Skew 6m 14 mul DI (5 - 5)
1 (2.365) g7 793 mul 1SI (p-p)
D3 (5-5) | | PI(5-3) |
RJ (rms) J PI (rms) oV
PI (5-3) || [signal Ampitude. 545 my|

Details... Limits... Details... Limits...

* Chose to quantify BW differences on VEC
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224Gbps VEC Findings

3.50
Margin From
De-Rate 12dB Spec [+4.51< -0.56| | |+4.04< -1.37| | [+1.60<—-2.84| | -Delta(dB)
1.85| [+4.90<=-0.52| | |+4.93<>-0.83| | |+2.96<>-1.451" from
+4.09<> -0.48 +4.03<> -0.78 +2.61<>-1.61 1.00mm
2.92 | e | | e | | e |
E e | [ | [ |
+5.07 <> +5.41<> +4.44 <>
g 1.00| |+5.42<> +5.76< +4.41 <
: 2.40 +4.57 < +4.81< +4.22<>
E * | e | | e |
o Baseline
() fr=56GHz f,=67GHz f,=84GHz
§
S |
©1.85 X
|
|
(=] I S
S | <
n | (=]
[ | [
My W
1.00 X
0 20 40 60 140
Frequency (GHz)
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VECO01, VEC12, VEC23
penalties (dB) from the
1.00mm Baseline

VECO01, VEC12, VEC23
Margin (dB) to assumed
12dB limit

1.0 mm connector best VEC
at f,.= 67 GHz

Lower f, decreases VEC
and Delta (dB) 1.85 mm

E
-3-
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Part 2: Channel Emulators

20

/ Test Cable

\ Test Cable ‘
&.
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BE70 ISI and BE9O ISI in Functional Verification

21

BE70 ISl in 224G SerDes BE90 ISl in 224G SerDes IP loopback
IP Interoperability performance characterization
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Role of ISI Boards in SerDes Verification: SI View

Package

Serdes
IP Block

oo O
oo

Coax Cable to
Board Array

Rigid SMA Style
Test Points

Clock Domain

SI-Centric View

S®

Use Cases

Package

Serdes
IP Block

Self to Other EyvB

Loss

SI HW Reference
Channel

Frequency

Chiplet
Serdes
<1 IP Block

Clock Domain
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Provide a physical hardware
reference for adding (sometimes
stepped) and repeatable high
speed digital signal distortion.

Relative steps are useful for Phy
characterization.

Absolute channel loss is useful for
validating dynamic range or
demonstrating performance at
known compliance points.

Useful in functional performance
testing

Self to self in loopback or across clock
domains
Self to other for interop

n
]
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Role of ISI Boards in SerDes Verification: Integrator View

Do | have SerDes lane to lane
performance penalties due to?

e Clock Fanout

Power * Power Fanout
Supplies

Package

Serdes
IP Block

* Logic Step Loads
* DRAM Interface Activity

e Can | quantify these through
FW/SW/HW development milestones?

 Why does FW/SW get to save new text
files for revs while HW has to procure
real material and tool it?

Rigid SMA Style Coax Cable to DRAM || DRAM | DRAM | DRAM
Test Points Board Array

OEM Integrator View

T a— S — S® * 1think | need a configurable multi-lane
- e Plasorm ISI channel test asset inside my
integration ecosystem.

Downstream Milestones

"
o
.3:
&l
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Evolution to Parallel IS| Assemblies

Extend the Rigid ISI Board Sl
Channel reference to the far end 1.00mm Reference
of a high performance arrayed Plane
Microwave Grade testcable @~~~ °TTI\gTTTTCC 'E/ 1.85mm
assembly ' :
1Y} 0
S| \“ ; [ T ) ¥ QP
Reference
Plane

Configuration

/ Options

RF086 LLO71

& N o
@j.// '
BU LLS EY E Wire out in x8 SE bus to support a
x4 Serdes Quad Interface

n
]
-'3-
ol
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Configurability with SI Performance

Parallel ISI Board + Cabling Kit ) )
Diff Pair 3

40mm RF086
Diff Pair 2 -0.05 30mm LL110
Diff Pair 1 21mm RF047
Rigid ISI Board -0.1
Loss Ladder

Equivalent Samtec RF Test Cable lengths
to realize 0.25dB insertion loss at 56GHz.
Incorporate this as a degree of freedom
into an ISl Board to turn it into a
configurable matrix.

e
S
o

Introduce Fine adjust to the
PCB loss ladder steps
_ through cable trim.

Insertion Loss (dB)
o
N

Ve
7
2 025 ———— —
|
|
0.3 |
|
|
|
-0.35 |
|
|
. |
0.4 56GHz
0 10 20 30 40 50 60 70 80 90 100 110
- Stagger Loss on adjacent Frequency (GHZ)
oF channels through adjacent
-7 channel cable trim.

A microwave grade test cable assembly is the only
thing that makes practical sense to ‘configure’ at

90GHz. So stick them inside the channel emulator.

1n
o
3
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Unlocking Configurability

| Samtec Bulls Eye® Test
N Point System supports
S ~ field serviceable cable

installation leveraged as
precision test fixture
configurability.

: . , 1.0mm Terminated x

1.85mm Terminated x - ; : 152mm long BE70
152mm long BE70 i e

Cables

BE70 Cable to Body
Installation Tool

| —
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Managing External Test Cable Lengths

* Hosting the loss generating
PCB in an integrated backplate
and frame preserves access to
dynamic range with limited

e test cable reach.

e BEYE bodies become thumb
iPBlock screw probes to move around

matrix.

Practical Test Cable
Reach is optimized by
PCB DUTs being colinear

BEYE bodies becomes thumb
screw probes and need only move
in one direction (closer together

or further apart) to jump DUTSs.

 BEYE bodies only need to move
in X direction to open or close
------------------------ the span. All translationinyY
direction is handled by sliding
the assembly on the backplate
like an XY positioning table.

Frame/Shroud

Integrated Backside
BE70 Fastener Helicoils
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Managing External Test Cable Lengths

De-mate Bulls Eye
Bodies from integrated
frame helicoils with 2
thumb screws

Slide PCB in frame to
new position

Minimal cable
respanning

Re-mate Bulls Eye
Bodies with 2 thumb
screws

Preserved Dynamic Range
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BE70 ISI Kit Assembly (50 Ohm SE Bus Routing

REF_Des Pin Net Pin REF_Des | Layer Bit Byte Lane |Length (mm)
J1 Al J1A1_J2B1 B1 J2 S02 B0O0O 1 25
Diff Pairs J1 A2 J1A2_J2B2 B2 J2 S02 B001 1 25
o PCB PEM Nuts Removed S e 1 A3 11A3_12B3 B3 12 02| B0O02 1 25
\#‘/. ~— before fastening Connector (top) g . Q9: 2@1° AL J1 A4 J1A4_J2B4 B4 12 S02 B003 1 25
body to BE70 IS Frame i Bi:‘s’:r:;:"e Pins” I A5 J1A5_J2B5S BS 12 s02 B004 1 25
o J1 A6 J1A6_J2B6 B6 12 S02 B0O5 1 25
J1 A7 J1A7_J2B7 B7 J2 S02 B006 1 25
Channel
Reference Plane —_ g J1 A8 J1A8 J2B8 B8 J2 S02 B007 1 25
] PCB to Frame 3 Al J3A1_J4B1 B1 14 S02 BOO8 2 50
Thumb Screw (6) 13 A2 J3A2_J4B2 B2 14 502 B009 2 50
\\\ N1 58 51 13 A3 J3A3_J4B3 B3 14 S02 B010 2 50
\ (bottom),;|* @ . @ =, 13 A4 J3A4_J4B4 B4 14 02 BO11 2 50
BE70 Connector \ T TTTTT1- J3 A5 J3A5_J4B5 B5 J4 S02 B012 2 50
J3 A6 J3A6_J4B6 B6 J4 S02 B013 2 50
J3 A7 J3A7_)AB7 B7 14 S02 B014 2 50
J3 A8 J3A8 J4B8 B8 J4 S02 B015 2 50
J4 Al JAA1_J5B1 B1 J5 S02 B016 3 75
14 A2 JAA2_J5B2 B2 J5 S02 B0O17 3 75
J4 A3 JAA3_J5B3 B3 J5 S02 B018 3 75
J4 A4 JAA4_J5B4 B4 J5 S02 B019 3 75
N J4 A5 JAA5_J5B5 B5 J5 S02 B020 3 75
LOi side Up A1) 14 A6 JAA6_J5B6 B6 J5 S02 B021 3 75
\ (Matrix DUTSs) 58. °® ® - B1 J4 A7 JAA7_J5B7 B7 J5 S02 B022 3 75
) A8 °° @ e Al J4 A8 JAA8 J5B8 B8 J5 S02 B023 3 75
BE70 ISl Frame
Every DUT Length Has
BE70 ISI PCB this Reallarl‘t(;osr;sallzzlllsglcally . .

[ ]

o . . [ ]
See: BE70 ISI Netlist Dist.xlsx

o - = - [ ]
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BE70 ISI Kit SE Bus Routing (~2.5 dB/inch @ 56 GHz)

 DUTs: 12 Different x8 lengths each capable of supporting a x4 SerDes quad.

* 10 stepped ladder DUTs on topside. 2 Long S-Bend DUTs for 112 Gbps - 128Gbps LR type channels on
backside.

* 540 mm X 190 mm Board Form Factor.
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BE7O0 ISI Fiber Weave Resonance Analysis

31

Magnitude (dB)
g o .
v

w
]
T

-40 —

-45 [~

-50

Samtec BE70 ISI X4 SerDes Channel Emulator Platform

Pulse response (V)

Insertion Loss - Differential

| Growing Fibrer Weave Reslonance~ Depthrwith Striplinei Length

Length = 025mm =
Length = 050mm

Length = 250mm
Length = 425mm
Length = 575mm ~0.07dB/inch
g i

Frequency (GHz) F_f\}vrl F_f\:NI‘Z
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9ps Pulse response - Single Ended

0.06 -

0.05 [~

e
o
@

Insertion Loss - Single Ended

Ideal T-Line
Model
Meas Data w/Resoance
6 317 3.8 3‘.9 4 4.‘1 4‘.2 4.3
Time (ns)

4.4

N
t

Ideal T-Line
Model

Meas Data.

|
10

1 | | |
20 30 40 50
Frequency (GHz)
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BEQO ISI Kit Assembly (50 Ohm SE Bus Routing

REF_Des Pin Net Pin REF_Des | Layer Bit Byte Lane
Channel . Jo1 Al SE_040MM_A1 Al 102 502 BO0O 1
_ . uiw.  ReferencePlane — / / BESOC Cable Jo1 A2 SE_040MM_A2 A2 102 502 BOO1 1
Crtig o Gl Pins // [ S Assembly MW Key 101 A3 SE_040MM_A3 A3 102 502 B0O02 1
) BE90 Connector - 101 A4 SE_040MM_A4 Ad 102 02 B0OO3 1
e eletnhin 40 / Body Jo1 A5 SE_040MM_AS5 A5 J02 502 B0O4 1
logically and spatially / PCB to Frame Jo1 A6 SE_040MM_A6 A6 102 02 BOO5 1
S — w1 g 's Thumb Screw (6) Jo1 A7 SE_040MM_A7 A7 102 502 BOO6 1
\ (bottom) ez s are Jo1 A8 SE_040MM_A8 A8 102 502 BOO7 1
103 Al SE_060MM_A1 Al 104 502 BOOS 2
103 A2 SE_060MM_A2 A2 104 502 BOO09 2
103 A3 SE_060MM_A3 A3 104 502 BO10 2
103 A4 SE_060MM_A4 A4 104 502 BO11 2
103 A5 SE_060MM_AS A5 104 502 BO12 2
103 A6 SE_060MM_A6 A6 104 502 BO13 2
103 A7 SE_060MM_A7 A7 104 02 BO14 2
J03 A8 SE_060MM_AS A8 104 02 BO15 2
ST e — 105 Al SE_080MM_A1 Al 106 502 BO16 3
before fastening Connector JO5 A2 SE_080MM_A2 A2 Jo6 S02 B017 3
body to BE9O ISI Frame 105 A3 SE_0SOMM_A3 A3 106 502 BO18 3
" \\ 105 A4 SE_0SOMM_A4 A4 106 502 BO19 3
\ S ~s N\ 105 A5 SE_0SOMM_AS A5 106 502 B020 3
\ 101 Side Up I —— -~ 105 A6 SE_0SOMM_AG A6 106 02 B021 3
! \ (Matrix DUTs) ',f? 105 A7 SE_08OMM_A7 A7 106 S02 B022 3
BEQOIsIipcg  BE9OISIFrame = Y J05 A8 SE_080MM_AS A8 106 502 B023 3
— ° ° °
o ®  sce:BE9O ISI Netlist Distxlsx @
o o = = o
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Bend DUTSs for backplane type channels on backside.

-Wave Test Fixtures for 400Gbps Phys

11 Different x8 lengths each capable of supporting a x4 SerDes quad.

(Vs
(o11]
=
@)
-
~N O
)
. O
Q ®©
T L
7
g E
O o
R T
=
o T S
SRR RN (7] a m
ANNARNANY = O -
AN .,H,// . o O
,,/ /.////// D m . m
o %)
g &
(o]
o) Iy
c 3 N
TE 3
— o £ ]
w & E S
= 2 Ll
o
> by 4
O oo m o

90 GHz Bulls Eye® ISI Buses (Expect 1.5dB/inch @ 56GHz)
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BE70 ISI Channel Emulator Performance

~~~~

Insertion Loss - Differential
T T

Return Loss - Differential
T T

34

50 60
Frequency (GHz)
: Crosstalk - Slngle! Ended

SE Adjacent Lane FXT (P/N FWD Coupling)

All measurements
resonate at 95GHz

(\ kMY A
i i

Y

Magnitude (dB)
5 & 8

1
30 a0 50 60
Frequency (GHz)
Differential Skew - Differential
T T

Differential Skew (ps)
e
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BE70 ISl is offered with 1.00mm
terms on RF086 coax on BE70C
cable assemblies.

This coax cable over modes beyond
/2GHz

The HOM are evanescent and present
as ~1dB ILD

BE70 ISI PCB in strong resonance
at 95GHz (-5dB RL)

Flat uniform 3mm bus route FWD
X-talk is 50dB down to 80GHz and
picks up at via BOR resonance.

e —

Sdam



BE9O ISI Channel Emulator Performance

Insertion Loss - Differential o Return Loss - Differential
T T T T

All measurements
resonate at 103GHz

 BE9O0 ISl is offered with 1.00mm
St -20dB R at 100Gz terms on RF047 coax on BE90C
™ cable assemblies.
* This coax cable has 110GHz modal BW
* BE90 ISI PCB in strong resonance at

+ L JEOE 7 103GHz (-8dB RL)
W e /; bt e w‘ - | = s —w = ¢ Flat uniform 3mm bus route FWD X-

Magnitude (dB)
“ ~ ~
] & 8

- B il
: . : Crosstalk - Single Ended : : = = B VDI'][QLQ',!?!'T@!’,SKQE’-, QMQ’,‘?M@,’T i — _ : s _—eo »
SE Adjacent Lane FXT (P/N FWD Coupling) +/- 300fs Skew on 1ps Stacked Cable Offset ta I k IS 60d B d own to 956 Hz d nd

picks up at via BOR resonance.

Crosstalk (d8)
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T
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1
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Frequency (GHz)
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Cabled Host Empirical Upper Bound

36

36

Generalize cabled host interconnect as 35mm of planar
routing to cable to front panel connector with 100%
implementation freedom.

The result is very similar to today’s precision RF test fixtures
with 1.00mm cabling.

Leverage existing empirical characterization to 110GHz.
Non-scalable RF fixture design rules

Chip to Module (C2M)

33AWG, 920 Pkg Route 92Q
Length: 300mm Length: 9mm

Pkg Route 920
Length: 35mm

IEEE Webinar: Precision mm-Wave Test Fixtures for 400Gbps Phys

C2M Empirical
Upper Bound

Stacked uVia
Coaxial BOR

BESO EVB
Measurement
Setup

1.00mm Coaxial
“Front Panel” Connector

300mm RF047 Coax

Compression
Coaxial Interface
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BE9O EVB Measured Performance

Insertion Loss - Differential
| [

Magnitude (dB)

0 T T T T T T T T
51’00,,,,,, - s s e 4.5dB to 14dB 224Gbps Channels
o %5mm Capye PAM8  PAMG PAM4 ¢ No resonant notch filter response
L gy, | | | to 110GHz
G, | | .+ -1dBILD BW ~ 95GHz
e | I . -15dBRLBW ~ 95GHz
|
sk | i - i * P/N Skew < 0.5ps
|
: | .« P/N Coupling <80dB to 90GHz
| |
0 | | 11 * 1.65dB/25mm @56GHz PCB Strip
|
E | i lines
25 i i 3 i  1.00mm coax termination to
=k e . - RF047 Coax Cable to BE9OC
- ~—— B£%0_EVB_1000mm_REO47_ABsto) 1 1 | | ! | : | 1 : f errule.
10 20 30 40 50 60 70 80 90 100 110

Frequency (GHz)
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Bulls Eye® ISI Assembly DUT Line Up

BE70 ISI DUT Avg. Meas.BE70ISI Avg. Meas. BE70 ISI BE90 ISI DUT Avg. Meas. BE9O ISI Avg. Meas. BE9O ISI
PCB +152mm Cables KitLoss at28GHz KitLoss at56GHz PCB+ 152mm Cables KitLoss at56GHz KitLoss at86GHz
(mm) (dB) (1)) (mm) (dB) (dB)
50 4.2 7.6 60 7.8 11.4
75 5.7 10.3 80 8.9 13.5
100 7.0 12.8 100 10.1 14.9
125 8.3 15.3 120 11.3 16.7
150 9.7 17.9 160 13.7 20.3
175 10.9 20.6 200 16.0 23.7
200 12.3 22.7 240 18.4 27.5
225 13.6 25.5 280 20.8 30.7
250 14.9 28.0 360 25.5 37.7
425 23.5 44.0 442 30.3 44.8
575 31.9 58.0

All channels measured with 152mm OAL Cabling
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BE70 ISI and BE9O IS| Loss Ladder vs PCB Trace Length

39 IEEE Webinar: Precision mm-Wave Test Fixtures for 400Gbps Phys

BE70 ISI Matrix (Topside) 45.0

* Targets 224 VSR/MR/LR 40.0
BE70 ISI S-Bends (Backside)

Note: The DUT removed from the

=
e
o

«  Targets 112/128 MR/LR/LR+ 535'0 I O
BE90 ISI Matrix (Topside) g % |
* Targets 448 PAM6 VSR/MR %25.0 :
BE90 ISI S_Bends (Backside) %20.0 |
e Targets 224 LR/LR+ 3 |
515.0 |
" 100 |
BE9O ISI (11 BE9O vs 12 BE70) count | g et
was trimmed from the low end. i | o Brr0tle srae pamaa
>0 0 - _1; o _2; - _300 400 500 600

BE70/BE90 ISI Board PCB DUT Length (mm)
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BE70 ISl vs BESO ISI (224G PAMA4 to 448 PAMG6)

Channel Loss At Nyquist (dB)

40

45.0

40.0

35.0

30.0

25.0

20.0

15.0

10.0

5.0

0.0

BE70 IS @
224Gbps PAM4

BE9O ISI @
448Gbps PAM6

50 100 150 200 250 300 350 400 450
PCB DUT Length (mm)
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BE9O ISI was designed to be

the 86GHz analog to the
56GHz Nyquist Channels
from BE70 ISI.

PCB Stripline Loss at 56GHz

BE70 ISl : 2.5dB/in
BESO ISI: 1.5dB/in

Scalable DUT matrix on
topside

Long lossy backplane
channels on backside

Sdam
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Part 3: Pulse Responses

¥ 4
PN PCB
..-,7,___ﬁ_:§

“al ' "3

\ Test Cable ‘

\\ \

\__~/ Test Cable
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BE9O ISI Channel/Pulse Responses (448G PAM6 COM)

$21dd@56GHz = 4.22dB** + (1.2dB/20mm) * PCB Length

448

" Route PCB
Layer Length
i

** with 152mm OALRF047 |
' : 0w B
Frequency (GHz)

90.. BULLSEYE'ISI

Top Side DUTs

PCB Via
Resonance

448Gbps
PAMG6 COM

20 7 30

" Channel Loss

(dB) -

! Samilec

90c. BULLSEYE'ISI

Backside Side DUTs
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BE9O ISI PCB design was
based on PAMG6 pulse
response behavior prior to
400G SerDes pathfinding.

Do to 5.8ps pulses what
BE70 ISl does to 9ps pulses.

Design goal was to have all
topside DUTSs pass 448G
PAM6 COM

Anticipating long s-curve DUTs
to fail.
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BE70 ISI vs BESO ISI 13dB at 53GHz Channel Comparison

-10

-15

-20

-25

Magnitude (dB)

-30

-35

-45

-50
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Insertion Loss - Differential

Higher Skin effect losses
from RF047 and lower loss
longer PCB Wires

BE70 ISI - RF086 - 1.00mm - 100mm DUT
BE9O ISI - RF047 - 1.00mm — 160mm DUT |

2.5dB/inch at 56GHz
PCB Loss Slope

1.5dB/inch at 56GHz PCB
Loss Slope

448G PAM®6 Nyquist

40G NRZ -K\“‘“%( % i
25ps PR Y,
RFO86 Fc
224G PAM4
9ps PR —
448G PAM6 \
5.8ps PR \ _
| | | | |
10 20 30 40 SFDrequency (GH:’D 70 80 90 100 110
IEEE Webinar: Precision mm-Wave Test Fixtures for 400Gbps Phys

What is worth more?

~1dB less loss to 60% Nyquist (86GHz)
6.5dB less loss at Nyquist (86GHz)

It depends on SerDes capability

But...simple pulse response
comparisons provide substantially
more comparative insight than
frequency domain s-parameters

28MEC



BE70 ISI vs BESO ISI 17dB Channel Comparison

-20

Magnitude (dB)
M
w

w
o

-35

-40

-a5

-50
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Insertion Loss - Differential

Frequency (GHz)

B S~ BE9OIS|
~——
BE70 ISI T—
u‘—_“"—-‘_
— ""—'-x__‘.‘_\_'“‘
-\—‘h‘*h—‘
T—
| |
— | |
| |
| |
— Pulse response - Differential : : : :
. BE9O ISI — N BE70 ISI S e | |
| 5.8psPR 9ps PR : I
| |
i | |
- | |
¢ [
. | |
L | |
s | |
| |
ws | |
L | | _
e S S e e s 1.6 X Fb |
l l i} l l | | | | N |
10 20 30 a0 50 56GHz 60 70 80 86GHz % 100

110
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Channel Rolloff to Nyquist
Comparisons

1.6X Channel to 224G PAM4 Nyquist
1.2X Channel to 448G PAM 6 Nyquist
It depends on SerDes capability

But...simple pulse response
comparisons provide substantially
more comparative insight than
frequency domain s-parameters
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BE9SO ISl vs 1000mm RF047 Test Cable Comparison

Insertion Loss+Return Loss - Differential
| |

~_

B90_ISI_120mm : S21

N
=]
I

RF047 1000mm : S21

B90_ISI_120mm : 511 |
RF047 1000mm : S11 |

Pulse rest

- Differential
T

224 PAM4
PR

45

Magnitude (dB)
N o ,

w
o

B90_ISI_120mm
RF047 1000mm

448 PAM6
PR

448 PAM4
PR

-3

-40 |

w

Mn Iw“

-5 | Note: RF047 1000mm isa 1 OOmm termlnated 1 meter Iong RF047 Coax Test Cable

\ m WN 'W lU \l | “ﬂl“\h i Nm' l“ulww

JHJ

- 5| BN INNE | S NI 11 : 002: iggmmﬁ;
——DF 93.54p, IL
Note: BE9O ISI is 2 X 152mm OAL BE90C (RF047 Coax) Cables + 120mm PCB Strlplme DUT = o ‘93_54;'_”
10 20 30 w0 0 6 " a0 90 100 110
Frequency (GHz)

-50
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-

5
Time (ns)

1000mm RF047 Test Cable

BE9O ISI 120mm PCB DUT

How far inside Nyquist can
we tolerate the resonance?




Part 4: Over Moded Coax Re-visited

/ Test Cable

\\ Test Cable ‘
&.
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Samtec LLO32 Nitrowave Coax

Magnitude (dB)
o

-1.4

-1.8
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Insertion Loss - Single Ended Insertion Loss+Return Loss - Single Ended
T T T T i

The RF/EM Modal View l

The Broadband View

&
I

-
o
]

| bet it still mostly works.

L
”””W\W

—
[
«
I

N
o

The cable is electromagnetically
broken once we exceed Fc.

Magnitude (dB)
8 b
1

—
—
—

.
w
w

b
=

IS
0
|

—L
| | 1 | | | —RL
| 1 1 | | |

-50
$ 0 % Fre ue:” (GHz) = 30 3 40 5 10 15 20 25 30 35 40
quency Frequency (GHz)

Cable performance above Fc looks bad for high dynamic range RF performance applications
A broadband view for high speed digital SerDes test puts higher order moding in different light
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Samtec LLO95 Nitrowave Coax

Magnitude (dB)

-10

-12

Insertion Loss - Single Ended
T T

Pulse response - Single Ended
I

1000mm LLO95

1000mm LL110

Fc

Pulse response (V)

0.4

0.3

e
N
]

e
19

Lt
-
o

0.1

0.05

4.35

hOGbps NRZ
25ps Pulse

224Gbps PAM4
Q 25ps Pulse

5.8ps Pulse

—— 000029459952,
= 0000288420.52
= D0000294599.52,
= 0000288420.52
e 0000294599 52,
—— 000028842052,
= 0000294599 52,
). 0.

UI=5.8 ps
0.1 ps,UI=5.8 ps ||
1ps,Ul=4.5 ps
— 884 p.risetime=2 ps,t_step=0.1 ps,UI=4.5 ps

448Gbps PAM6

448Gbps PAM4
4.5ps Pulse

I

4.45 4.5 4.55 4.6
Time (ns)

4.65 a7 4.75 4.8

 Comparison of 12 inches coax cable assemblies with 1.00mm terminations

e LLO95: 1dB less loss per foot at 95GHz compared to 110GHz modal BW coax matched to the 1.00mm
* Given higher order modes are evanescent, in a SerDes test application, how much do we care?
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Further Opportunities in Over Moded Coax
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Magnitude (dB)

-20

Insertion Loss - Single Ended
\ \ T

4.5ps Pulse response - Single Ended
T T T

-10 —

-12 -

14—

<16

1000mm OAL Cable
Assemblies

LLO71_Experiment*

*LLO71 over moded to 110GHz |

with a 1.00mm Termination
| | |

10 20 30 40 50 60
Frequency (GHz)

70

80 90 100

110

0.25 —

0.2

Pulse response (V)

0.05 —

o

=

«
T

S
i
I

4.2

T T
LLO71_Experiment iy

LLO95 |
LL110 |

Maybe | want over

moded lower loss

test cable?
| | | | | | |
4.25 43 4.35 44 4.45 4.5 4.55 4.6
Time (ns)

 Comparison of 12 inches coax cable assemblies with next largest coax termination.

 Over moded LLO71 can be ~5dB better per foot than 110GHz modal BW cable in the over
moded spectrum with ILD penalty.
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Part 5: Conclusions and Q/A
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Conclusions

51

Precision RF test fixtures can be designed for downstream SerDes test configurability by exploiting
microwave cable assemblies as the controllable performance knobs.

The resulting assemblies allow lane to lane characterization up to SerDes x4 Quads

Equal to staggered adjacent lane loss profiles
The SE BUS topology prevents skew from converting into ISl during channel propagation preserving test

equipment and SerDes Tx /Rx de-skew capabilities.
Coax cable design requires trading off loss at Nyquist versus modal BW at some factor beyond Nyquist

A SerDes capabilities continue to develop and sub Nyquist channels become normalized at 400G PAM4,
there may be opportunity to trade test cable loss for device margin.

Thank You.
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