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I Technology Driver: Data Rates
1 Improving measurement technology for Sl applications
= De-embedding methods

= De-embedding tools



Data Rate Trajectory

I LTE success driving wired 1,900,000 -
communicating networks
1 Amount of data generated has @ /
loded 100,000 o ‘ - 100 Gigabit Ethernet
explode . Networking 40 Gigabit Ethernet
1 Core network capacity doubles . ol /
Frid = mos
K=
every 18 months = 10,000 10 Gigabit Ethernet
1 Server |/O doubles every 24 e
months
1 100 GE is currently deployed 1,000 Gigabit Ethernet
100
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Double Data Rate with PAM4

PAM4 example
» 4 discrete levels (symbols) Signal
: ampliede
* 2 bits per symbol A
v ' -
Y T i T 47 5T 5
[t 11 10 W il 11 00

Fig.1 A PAM-4 signal in time domain. T= symbol period.



What is an Eye Diagram?

1 Overlay of a bit sequence of a digital signal
1 Look at 21-bit sequence "010101101001110010111”

CX Real 400 mu/Ret0

Eye Height

Eye Width
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Comparison of PAM4 vs. NRZ

1 Advantages:
= Requires 72 bandwidth of NRZ
1 Challenges:
= 1/3 eye height of NRZ
= 210 1/3 eye width of NRZ
= Eye levels are asymmetric
= More sensitive to ISI than NRZ
= More sensitive to reflection than NRZ n

- More sensitive to crosstalk‘\ ndyara
= Much W\G\‘@“ rlg-\pair skew than NRZ
= More sensitive to nonlinearities than NRZ

jing
- crucial for PAMA sgne
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Improving measurement technology for Sl applications

1 S| Measurement Objective is similar to ANY VNA Measurement Objective:
= Measure ONLY the DUT
= Remove reflections
= Remove extraneous loss

= Remove extraneous phase shift/rotations

» Focus on Ease of Use...
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Problem Description: Device Performance

How do you measure this?

Measufement Device Meashrement
Plane g Plane Plane
SMT

: Device :

Coaxial ; -IIII — < Coaxial Mot inctrument
Interface — Interface canmove ref P
planesto this point 5’/;)
- easily {9/)
QY ()
TEST FIXTURE Probes can move
. . . gt .
* Is the left side = right side? Kt :

Ref plane B Ref plane B
1 1

+ Different length
+ Skew (glass weave skew)?

« Manufacturing tolerances? ' '
* |s the material the same over the whole PCB
* Glass/fiber weave effect

De-embedding
structures needed
to move ref
planes here

Ref plane C
Ref plane C




Concept of test coupon

1 Add test coupon to characterize trace
= Either on the same board
= External board but same material
= External board and different material

1 Typical calibration standards
= TRL calibration standards
= 2x through
= 1x through
= Other reference traces

I Advanced de-embedding methods

= Can handle coupon with (slightly) different material
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Reference Plane (TP1) Reference Plane (TP4)
]

2x through

LM@ Semiconductors

; FR4: Er=4.8
orie. 2dima’

Fixture right
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Classic approach

Desired DUT TestPlane ——»

For TRL, this Thru must represent

a zaro-tength thru
hag (5211=1.0 By Definition!
Phasze (321) =0 degrees

At DUT Test Plane

/ I

1 TRL Calibration I Thru i
= Requires: | i
= Reflect standard _ F“ L
Reflect — dzgree "Ofse ,
= Zero-length through standard m Shay o e
= Line Standard: i B (i.e. the difference in length
Reflect between the “zero-length thru”
= 20 degrees at lowest freq M and the Line standard)
= 160 degrees at highest freq -
Extend lengh of
— - G
[ Line ]
I: £-mm ling :l

segment —
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TRL Standards for Custom Kit (Three Line standards cover 375 MHz to 24 GHz)

TRL Challenges

1 Multiple lines required to cover higher
frequencies

1 Still requires Match standard for lower
frequencies

1 Cal Plane established in center of

THRU standard i Jocs here } SN

—
.
me :-_%

- T
REFLECT — mmmis
L3S

Desired Cal Plane

»

.
LINE 2 — r:.-].;’
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CEI56, VSR, MR, LR

Figure 16-15. CEI-56G-VSR-PAM4 Channel Reference Model

conn. module PCB

b
Vew Short ReaCh ) host PCB up to 7.3 dB _jug:é_ *C:_Dsl;gti :
b 1 0 Cm Sennector cc::hng Module IC

® Ch | p-tO-Ch | p Line Card Host IC cap

One Connector

Figure 17-1.CEI-56G-MR Reference Madel

Mediu m Reach Test Point R AC Coupling Test Point T

“Componentedge” “"Componentedge”

« 50cm —
* Chip-to-Chip
¢ One Connector

Common Features:
* Equalization

« CTLE/FFE/DFE
* Error correction

Long Reach . FEC

« Chip-to-Chip
« Two Connector

Test point T Test point R |
+1 “Component edge” “Component edge” I
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Alternative (simpler) solutions

I Use Offset De-embed

1 One Way Loss/Auto Length/Loss

1 Use S-parameters from board simulation

I Use advanced fixture de-embedding techniques




T h

Alternative approaches s

Ney
+ Jrace

R SRR

= ® Mewiche ® L

1 Auto Length -
= Advantages:

Port1

= Simple (requires only an OPEN)

= Remove extraneous phase AL :: o rf,‘:.a:w,.c. LA L,
shift/rotations

Offset Embed
| 53

Overview

= Disadvantages:

= Assumes line (to be removed) is Zo

Auto
784.172 ps

Length

Fixture
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Rohide & Schwarz WA

%* G (LD

Alternative approaches nrmmn s T

I Auto Length & Loss
= Advantages:
= Simple (requires only an OPEN)

» Remove extraneous loss

= % mpo.-chs W A o

= Remove extraneous phase
shift/rotations
. ) s - %
= Disadvantages: Ny 1 |

L]

= Assumes line (to be removed) is Zo

<

738172 ps
b

LR

q

T ctose Help
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Alternative approaches  ——

Overview

Port

1 Fixture Compensation
= Advantages:
= Simple (requires only an OPEN)

« Remove extraneous loss
= Remove extraneous phase
shift/rotations

= Disadvantages:
= Assumes line (to be removed) is Zo
= Can provide “overly optimistic”
results
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<+ Rahdle & Schwarz VA =

Alternative approaches

1 Fixture De-Embedding
= Advantages:
= Remove reflections
= Remove extraneous loss
= Remove extraneous phase
shift/rotations

= Disadvantages:
= Requires 2-port s-parameters
= (measured or modelled)
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Advanced Fixture De-embedding Techniques

2-X Thru Tools: S ——
1 Keysight: AFR (Automatic Fixture Removal) P
I Packet Micro: SFD (Smart Fixture De-

Embedding)
1 Ataitec: ISD (In-Situ De-embedding)

= Disadvantages:
- May produce non-casual response 2X thru fixture
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What is Causa“ty? How to identify non-causal S parameter

cau-sal-l-ty ®= Convert S parameter into TDR/TDT.

Response before time

noun : : : : = 3 zelro"‘ is non-causal.
1. the relationship between cause and effect. i — .
2. the principle that everything has a cause. M AASNATE 8RR B £
7] i |:> e * Delay waveform by
A H 1ns to see if tools
30 pfeenens e R pekatt e do not show before
' SD01 time zero.
+ 5 f.O 15 20
Frequency (GHz)
In other words:
. . = Check phase angle. Counterclockwise
Can not get something from nothing. 5 w0l paise ang
w10 g
10 = 0
Causality krror | w 100
= T LL}TDDUT{_ -2090 5 1In 15 20
g \. Frequency (GHz) Py
5 ;
L il I [
Actual DUT
=30 with 105 ahm 2x thra
—Splmtg‘ll.'li ohm 2x thru

I}DS l]DS
_lll““‘ “ ‘ ‘ ‘ ‘



ISD and SFD Dialog in ZNB, ZNBT Vector Network Analyzers

3 steps: 1) Measure Coupon 2) Measure DUT 3) Run De-embedding
> 5D Eure Modeling =

_Measure DUT + Test Fixture

= ;
Coupon Type DUT Type

Sym 2x Thru

Load File

s and Connect Coupon to VNA 5e orts and Connect DUT to VNA Run 15D Model
A L = L

ISD provided by Ataitec, SFD provided by PacketMicro
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