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Signal Integrity in Digital Communication Channel

Cable On board video processor LED display
Interconnects

Signal integrity is about the problems interconnects
iIntroduce and how to avoid them.

— Dr. Eric Bogatin
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Unique Challenges of Signal Integrity Design

v" High-speed digital interconnects act like microwave transmission lines:
reflections are everywhere!

v Multi-domain design, test and measurement is required to gain insight of
optimum performance of the physical layer

v" Signal integrity specialist software can simplify the complete design space from
R&D throughout into production

v Powerful hardware and software tools work together
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Impedance Problems are Everywhere!

WHAT ARE DUTS FOR TDR MEASUREMENTS?
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Agenda

Time Domain Reflectometry (TDR)
Introduction and Quick Reviews: sampler |
 What is TDR? j
- What is TDT? Ganarator
* The DUT we are evaluating today | )

Comparing Different Signal Integrity Tools:
* Measurement Instruments
° Fixture Removal TeChniqueS == Channel Insertion Loss (SDD21)

Case Study:
* Initial TDR insights
 Measurement Results

Summary/Q&A

Most
Accurate

E & 8§ § &
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Intro: What is TD R? Time Domain Reflectometry (TDR)

1. Launch a fast step into the Device Under Test (DUT)
2. See what REFLECTS back from the DUT.

Time Domain Reflectometry (TDR)

Example measurements:
= Impedance - locate the position and nature of
each discontinuity

Sampler Incident Step

Step Reflected Step = Propagation/Time delay
Generator = Excess Reactance
(Capacitance or Inductance)
. v

E IDT

Auerage

TDR (Impedance Profile)

- FFT

Max
Min,

Reference Plane _ For validation &
Connector Launch 3 development look
Uncoupled TX Line - here for insight
Coupled Diff TX Line regarding what in the
Connector . : -
Open Circuit » i device is causing

q reflections
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Intro: What is TDT?

Time Domain Transmission (TDT)

Time Domain Transmission (TDT)
1. Launch a fast step into the Device

v

Under Test (DUT)
_ 2. See what is transmitted THROUGH
Sampler Incident Step Transstn; 'ttEd Sampler the DUT.

Example Measurements:
» Step Response

* Propagation/Time delay
. ) * Rise time degradation

Step
Generator TDT (Step Response)

For development and validation, look here for loss data
fo support simulation or for de-embedding.

Magnitude 1 (»

250048/  -7.500 d8
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Intro: The DUT we are evaluating
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Intro: The DUT we are evaluating

WHAT DRIVES THE NEED FOR CHARACTERIZING THE CHANNEL?

Often the goal for Tx validation engineers: Characterize the performance of the Tx at the
ball of the BGA

Scope

, AH
De-embed the channel to
calculate performance here

Measures e

here ~ & J17 g

Process:

1. Measure the transmitter performance at J17 and J19 with the Oscilloscope

2. De-embed the channel from the Tx measurement at J17 and J19 using the scope de-embed
function to calculate the performance at the ball of the BGA

[Requires: ]

Channel characterization data: channel.s4p for a differential channel like the one above
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Intro: The DUT we are evaluating
HOW DO WE C

Goal:
effectsiis -
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Probing or Fixturing?
e —— . Probing
& Advantage

* Flexibility

Disadvantage

« EXxpensive

* Need ISS calibration substrate for

probe tip ref plane

Fixtures

Advantage

« Easyto Use

Disadvantage

« Each application requires different fixture

* Not electrically transparent, they have
mismatch, loss and delay that must be
characterized and removed from the
DUT measurement (de-embed)
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Single-ended s-Parameters

Port 3 Port 4

v v v v

Response
Portd | Pot3 | Pot? | Portf

Frequency Domain Parameters \/ Time Domain Parameters

Stimulus
Pot1 | Port? | Pot3 | Portd
7 ¥
S11 S12 S13 Sy
Sp1 S Sz Sy
S31 Sz S33 Sy
S41 Ss2 Ss3 Sy

Four-port single-ended device

Return Loss or TDR

Near End Crosstalk (NEXT)
Far End Crosstalk (FEXT)

FFT or IFFT

Response

Portd | Pot3 | Pot? | Portl

v v v v

Stimulus
Pot1 | Port? | Port3 | Portd
v VvV Vv v
Tn Tz Tz Tia

13



Comparing Sl Tools: Methods

Errrr i \ Tremendous insight together. =

- | Where is the most useful information?
- m - Time domain?

- Frequency domain?

. i BOTH are needed!!

Port 3 Port 4

Four-port single-ended device

Stimulus l Stimulus
“Por T | Pon? | Pord | Pond | “Pon T | Por? | Pond | Pord |
v Vv v v vy v v v
|| uml : 7 Insertion Loss or TDT L |l : ]
M| S11 Siz Si3 Sus z T Tz Tz Tig
i Near End Crosstalk (NEXT) r
% 3 B S S 8 s Tz Tz Ty
2 H Far End Crosstalk (FEXT) 2 H
o k S31 S; Sa3 o = T3y Tn Ta
\ |
5 Ss1 Ss2 Siz Su <€ FFT — E Tsr Teo Taz Tag

KEYSIGHT Frequency Domain Parameters Time Domain Parameters
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Transmission Lines are Differential

Two traces carrying complementary data, commonly used for high
data rates

Why?
Receiver can reject any signal that is common to both lines
Radiation reduced (cancellation of fields)

Impedance measurements have slightly different meaning compared
to single-ended measurements

15



Single-ended to Differential S-Parameters

Single-ended
Port 3 Port 4
Stimulus

3 3
o Sy Siz Siz Sy S , O
% ST &
S Sy Sz Sy Sy 522
§ S31 Ssz Saz Sa ¢ 3
O 'Sy Sip Si Su £Eo g

0900

O=rKx

Naming Convention:
S

mode res., mode stim., port res., port stim.

Balanced

Balanced

port 1

‘UQ"

Port 1

Port 2

Port 1

Port 2

Differential-
Mode Stimulus

Port 1 Port 2

S S

DDI1 ~DDi2

D21 ~DIR2

CDi1 —CDI2

»w 0O om

S
S
S

Ck1 ~Ce2

Balanced

Common-Mode

Stimulus

Port1  Port 2
SDC11 SDC12
SD(21 SDC22
SCC11 SCCIZ
SCC21 SCQZ



Differential S-parameters

Differential in, differential out: Common in, differential out:
Behavior of differential signals Behavior of mode conversion
Stimulus (EMI Susceptibility)
\ Differential Signal Common Signal
L Port1 | Port2 | Port1 | Port2
* 12 |Soo11 Sooiz | Soett Soere /a )
Q ~
§§ ! |Soo21 Sop2 | [Socar Socz
§ ;,; 5 Sconr Scorz | [Oecett Occro
E 3 Scoat Scoz | [Scear Scez

Differential in, common out: \

Behavior of mode conversion Common in, common out:
(EMI Emissions) Behavior of common signals
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Comparing Sl Tools: Instruments

Keysight DCA-TDR: Time domain Instrument with time domain GUI

Up to 50GHz

Performs oscilloscope, eye/mask, and jitter/noise measurements
Useful for quick insight/troubleshooting, fault location analysis
Very intuitive and easy-to-use, preferred by many digital engineers
Measures closer to DC (vs 300 kHz /10 MHz)

Typically less expensive than a VNA with similar bandwidth

SR NE RS

Keysight ENA/PNA: Frequency domain instrument with frequency domain GUI
v" Up to 67GHz (other versions available beyond 100GHz)

v “Gold Standard”, the highest performance S-Parameter measurements
v" Superior dynamic range vs. any TDR

v Typically preferred by RF/Microwave engineers

Both instruments can provide frequency domain and time

domain responses

KEYSIGHT
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Comparing Sl Tools: Instruments
TDR: 3 IMPORTANT INSTRUMENT CONSIDERATIONS

Bandwidth

Receiver?
System?
(How much do you need?)

True SOLT
TDR Callbratlon

' ' Specify Cal Kits and Connecto

1
T U

g |

)

600 [
|
50()—/\1_
||

Tt

Minimum Separation = (c * t,;..)/2 SQRT(E)

Verify that the channel-DUT connection match those
shown in the diagram below: (=11 SOOIl Short-Open-Load-Thru (SOLT) \d |
i

{ 3V'\"Timebase Options { 4 ) Sel_ect Responses To Calibrate
}‘ 16 outof 16 responses are selected to be calibrated.

Timebase span will be determined automatically
(recommended).

1If you wish to have calibration use the current
timebase settings, uncheck the selection above. Number of Calibration Steps:

catbration Number of Averages: | (EED) | 5) Start Calibration Measurement Wizard...

KEYSIGHT
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Why Edge Speed is Important: Temporal/Spatial (TDR) Resolution

[ s;EtEm
transnEon line Riceti men
[ S 10 ::—:) 5 ps (I mm)‘l.'ﬁl-’- gl|
A . 20 ps 10 ps / T [0.08 in]
30 ps 15 ps{ 3 mm [0.12 in]
vV \ l 100 ps 50 ps/ 10 mm [0.39 in]
VA 200 ps 100 ps { 20 mm [0.79 in]
/ ? | adequate resolufion 500 ps | 250 ps / 50 mm [1.97in]
. o Sopres. TDR resolution per IPC-TM-650
i i fo@vicrostrip (vp » 2x108 m/s)
2T f \
Vv Resolution:
Einadequat& rescolution a. % i TDR SyStem Risetime
: — (10-90%), or
Tp = one-way propagation time betweeh two discontinuities PC 22572.4.
Figure 4-1 Resolution and Electrical Length of Transmission Line b. (trise X Vp) /2
Reference: Section 4-1 of IPC TM-650 2.5.5.7 where vp is propagation velocity of
“The resolution...is defined as that particular time or TXline media
distance wherein two discontinuities...that would normally

be individually discernable, begin to merge together (a) and (b) complement one anomer/

because of limited TDR system bandwidth.”

; _ x"l 12 442 With 8 ps TDR system risetime,
’ TDR resolution is < 1mm.

r system r step scope

KEYSIGHT
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Comparing Sl Tools: Instruments

TDR: KEYSIGHT’'S NEWEST TDR/TDT MODULE

N1055A

08
=y

Y
A \\

Al

Q)

Bandwidth Options

(upgradeable)
* 35 GHz (2.92mm)
* 50 GHz (1.85mm)

_—

=)

7
A}

=t

—3

——

N4694A-Hxx
ECal Module Support
DC-67 GHz
(TDR calibration)

TDR Edge Speed (10-90%)
» Calibrated ~ 6 ps typ (50 GHz
BW)
»+ Raw HW ~ 9 ps typ (50 GHz BW)

TDR Stimulus

+ Single-ended and Differential []
* Mixed or True-Mode

stimulus

Channel Count Per module
» 2 channel (upgradeable)

* 4 channel

* M or F connector option

Mainframe Channel Count

T+ Up to 16 channels
+ TDR/TDT or Receiver only
» Simultaneous acquisition

KEYSIGHT
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™

Highest
resolution
TDR/TDT
measurements

Fast and
accurate
multiport S-
parameters, live
right on the box

World’s easiest-
to-use solution




Comparing Sl Tools: Instruments

S93011A ENHANCED TIME DOMAIN ANALYSIS WITH TDR FOR PNA SERIES VNA

« Up to 67 GHz of bandwidth with 6.66 ps rise time enables
measurement to the latest high-speed serial standards
* Unmatched performance
* Low noise floor for accurate and repeatable measurements: 20
MV rms
« Wide dynamic range to observe the true performance
- of your device: > 110 dB
« Fast measurement speed for real-time analysis: 251 msec (1601
points, 2-port cal)
- State-of-the art calibration techniques reduce measurement errors
« Automatic deskew ensures easy removal of fixture and

* probe effects
* Full calibration available for the utmost in measurement accuracy

| Tie omain : Frequency Domain

KEYSIGHT
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http://www.keysight.com/find/pna-tdr
http://www.keysight.com/find/pna-tdr
http://www.keysight.com/find/pna-tdr

Higher ESD Robustness

Higher robustness against ESD, because protection circuits are implemented inside the
instrument for all ports, while maintaining excellent RF performance.

Proprietary ESD protection chip

Reduce instrument repair fees and downtime

KEYSIGHT
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ENA Option TDR Certified MOls

Available for free download at www.keysight.com/find/ena-tdr compliance

Cable / Connector Tx/Rx Impedance (Hot TDR)

- USB « HDMI Homr
+ HDMI .« SATA

« SATA e MIP] h 4

* DisplayPort - 10GBASE-KR/40GBASE-KR m#L
« 100BASE-TX - MHL IR«
- 10GBASE-T « Thunderbolt
* 10GBASE-KR/40GBASE-KR 7iic: |« SD Card (UHS-IN) -

« MHL PATIL e Cfast mipralliance
« PCle

« BroadR-Reach 19 pepiror ‘)

SERIAL
- -

KEYSIGHT
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http://www.mhlconsortium.org/home.aspx
http://www.hdmi.org/index.aspx
http://www.mhlconsortium.org/home.aspx
http://www.hdmi.org/index.aspx
http://www.keysight.com/find/ena-tdr_compliance
http://www.keysight.com/find/ena-tdr_compliance
http://www.keysight.com/find/ena-tdr_compliance

Designed for Multi-Domain Challenges
TDR/TDT MODE

File Instrument Response Stimulus Utility Help

Tr 3 Sdd11LogM 10.00dB/ 0.00dB

Up to 9 markers

: 30 Zm
Zooming z ; Zoom xy

Zoom Out Full

Rise time Tr 5 Tdd21 Volt 100.0mV! 200mV  Tr 6 Tdd12 Voit 100 / 7 Sdd211LogM 10 00dB/ 0 00dB
measurement J PR : : it

TDR
Dedicated controls et _Hieon
for common Tddil 1 Rise Tima (10-90%) Measure ,Tm‘&mm w || Défecertial
; TOR/TDT Tdd22 F| Rise Time {20-80%) Format | impedsnce ¥ [} Peeling
adjustments 8 2Tha e =
Eye/Mask Tee21 Tec220 | Rise Time. | 1090% - _
Tr1 Ch Ring = R|Zr| Tiorm
RFOn  UpdateOn | IntRef LoL
Flexibility to set measurement ATime (skew)
parameter for each individual trace measurements
KEYSIGHT

TECHNOLOGIES

Automatic display
allocation for
most common
measurement
parameters
depending on
selected device
topology

Set rise time

to characterize
expected
performance at
different edge
speeds



Simple and Intuitive Operation

File Instrument Response Stimulus Utility Help
Tdd11Impedance 20 000/ 40 00Tt 2 Tdd22 |

Tr 5 Tdd21 Volt 100.0mV/ 200mV Tr 6 Tdd12\
0 Rise Time:

oy -...,'|1 , 1dd12)

'] Ma;ker ‘.J

Tr 3 Sdd11LogM 10.00dB/ 0.00dB Tr 4 Sdd22 LogM 10.00dB/ 0.00dB
-

Marker
Search

-1n 500p 0 500p 1n 1.5n 2.5n
Trace Auto Stop Data
TDR A Scale ¥ Single Mem
Setu Horizontal Vertical
B m !b 4> ~ N, ¥V A

TDR/TDT . @ . @
— — — —
Eremts

Tr1 | ch1 || g | swp |[Bw=100k| C 4-Port
RFOn | UpdateOn | IntRef

KEYSIGHT

TECHNOLOGIES

Parameters
Tdd11
Tdd21
Ted11
Ted21l

Sim

Gating Trace Control
Tdd12 Tdell
Tdd22 Tdc21
Ted12 Tecll
Ted22 Tee2l

TDR | Zr | Tform

Return Loss

ow?Q)

dB/ 0.00dB Tr 8 Sdd12 LogM

Insertion Loss

a2

Tdc12 Measure |T\me Domain - ||D|ﬁ‘erermal =
Tde22 | Format |mpedance % |[ | Peeling

Tecl2 Stimulus |Luwpass Step Vl

Tee22  fpiseTime [10:80% -

LCL 2017/1116-16:56

Dedicated GUI for TDR analysis
provides intuitive operation for users
not familiar to VNAs and S-parameter
measurements

Easily locate source of loss,
reflections and crosstalk by
simultaneous analysis of both time
and frequency domains

Similar look-and-feel to TDR scopes



Simple and Intuitive Operation

SETUP WIZARD

« The Setup Wizard guides you through all of the steps, making setup intuitive and error-free
» Automatically sets the optimum parameters (range, resolution, windowing, etc.) for your DUT

SHIEE X

NE

TDR Setup Wizard

|

TDR Setup Wizard

TDR Setup Wizard = - TDR Setup Wizard
Step 1/4: DUT Topology Step 2/4: Deskew Step 3/4: DUT Length Step 4/4: Rise Time
<) r Select the topology of Device Under Test <) r Automatically compensates the electrical <) r The length of the DUT is automatically <) r Set rise time of step stimulus.
B OGP U 00500, lnghofte cabls and s 020:60,0, messtred and Used 0 et he e span o I:'""' ( 169ps- 67205
s N QS - I h N N - I h N time domain measurements. vl , - -
— m - w =t G"ﬁ
..._Q_ .:@ O Single Ended 4 Differential T Q_ _? = ”) 1. Connect all cables and fdures to VNA e e Q_ _? - ”) 2 C)_’_ _? . ',) Rise Time
i 1. Connect DUT to cables / fidures.
1 L i 2 DisconnectDUT from cables and fixtures. i i Definition
: 1-Port 1-Part 2. Press Measure button_
r : 3. Press Deskew button
1 1 Single Ended ® Differential
1 1
| | - el v/
1 eskew
! 14 Differential 5. 1 2-Port 2-Port Pr: 14 Differential 5
1 SR N L ==
1 PUU i v—s—s OPEN Note: Note:
[J— 2. Single Ended Note: 1 2. . . o 1 2. o o
2-Port . . 2-Port Whan testing multiple DUTs with diferant langths, 2-Port Minimum risa tme values is fmitad by tha DUT
Since the loss of the cables is not removed from the measure the DUT length using the lengest DUT length setting,
Bal Port measurement, cables should be low loss and et Sy 4 Gt S
Do not connect the DUT yet. 4-Port Config asshotaspessble. [ e rements,
oo |z ]| [ [oew | o[ _vean | | [Cowm e[

KEYSIGHT
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Simple 4-step operation




Fast and Accurate Measurements

To achieve reasonable accuracy without user calibration, calibration at the test ports is performed at the factory

(“System Default” calset) and applied in the TDR Measurement Class.

44!\
220

ZE\E\

System Default
Cal ref plane

STr 3 ‘aﬂ'f %em LogM 10.00dB/ 0.00dB Sdd22 LogM 10.00dB/ 0.00dB
Sd

30

0

4]

User Cal Setup q?; rrrrr ta\m ‘I. '\fch IL =
ref plane TDRITDT ® Y O ®

Eye/Mask

Tr1 | cht1 [ inttig || swp |[BW=100k] C" 4-Port
E) RFon | Updateon | IntRef

gM 10.00dB/ 0.00d8 Sdd12 LogM 10.00dB/ 0.00

FEEMERBE] System Default Cal at test ports |

Tddi1 Tdd1

wan eae yellow trace: User Cal at end of test cables
Ted1l Tedl " TCCIT Stimulus | Lowpass Siep. ~]

Ted21 Ted22 Tee21 Tec2z ‘R\seTlmE (10002 | B
Sim TDR | Zr | Tform

LCL 201712211712

User calibration is recommended for higher accuracy

KEYSIGHT
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Fast and Accurate Measurements

Error Correction Techniques

Most 4
< Full Cal < Full Cal
accurate (SOLT) (ECal)
Deskew and
Loss Compensation
Accuracy

& Deskew

& Time Domain Gating

5
Level of Difficulty Easiest

Deskew

Full calibration (ECal)

Commonly used in time domain instruments
Simple to perform
Only corrects for delay y

=

delay loss. mismatch

Commonly used in frequency domain
instruments

Requires more standards

Accounts for all major sources of error

A

delay loss mismatch

Measure the true performance of your device

KEYSIGHT

TECHNOLOGIES
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Fast and Accurate Measurements

Deskew

File Instrument Response Stimulus Utility Help
=208
==

Tr 1 T11 Impedanc

Rise Time:

-500p -400p )p 20 0 100p 200p p

Trace Auto Stop Data
5 ' Scale ‘ g Single ] Mem

400p

Markar Marker
TDR Y] (Mo Y) | e Y] e ] _J 2] _J
Setup Horizontal Vertical Parameters Gating Trace Control
< b ~ n v A Ti1 T12 T13 T4 Measure [ Time Domain ¥ | [ Single-Ended -
TDR/ITDT . =@ . ® 21 T22 T23 T24 Format | Volt x|
T31 T32 T33 T34 Stimulus | Lowpass Step x|
e — - —_—
EyelMask o T4 risemime (1002 ol
5 [ ch1 INtTrig Swp || BW=100k | C*2-Port || TDR [Deskew] | SVC | SrcCal* | Sim | Tfor. LCL | 2018/03/01-15:29

Tr 3 S11 LogM 10.0

,.Mismatch not removed...
‘MM‘W “|I|lll| .'W it m‘mw,ily] \'W"|“l‘r"ln"mlwun,w' W\mqu’l,'w,,,-l.ll‘“wm“ 'MW

Full calibration (ECal)

Tr 1 T11Impedance 1.

Scale Per

50.00 Tr 2 T22In Tr 3 511 LogM 10

-400 p

Tr 5 T21 Volt 50.00mV/ 100mV

Rise Time:

Yyl

100m »

' Stop Data
Scale Single Mem

Trace Auto Marker Marker
TOR M ] oY) e _J _J _J
Setup Basic | |S. — ‘ More Functions Average Adv waveform Hot TDR
. Y -
Satup | DU Torove [ttt \ﬂ\ Ret 2
card | o sl [ — —
TDR/TDT Wizard 0 ‘ e ‘ Dielectric Const. ||
DUT Length | Auto | ——— | veloctyracor [
Eye/Mask Preset [Cah\e[engtl’\ = 0s) ECal ‘ Source Power | Basic Mode >»
Tr7 | cnt1 | nttig | Swp | Bw=100k| CA2-Port | TDR [Full | SVC | Srccal” | Sim LCL || 2013m3/01-15:31

Full calibration (ECal) recommended for higher accuracy

KEYSIGHT
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Keysight ECal Module Landscape

W N469XD Series
@ 2-port, 18/26.5/40/50/67 GHz

N443XD Series

509X Series A-port, 13.5/ 18 / 26.5 GHz

2-port,3/7.5/9 GHz

Performance

i N775XA Series
N 2-port,4/6.5/9/14/18/26.5 GHz

3 GHz 20 GHz 67 GHz

Max Frequency

KEYSIGHT
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Comparing Sl Tools: Physical Layer Test System (PLTS)

DATA ANALYSIS WITH N-PORT PLTS

File and view management
with the data browser

Time domain analysis:
- 2 n? parameters
- 7 formats
- time or distance

Frequency domain analysis:
- 2 n? parameters
- 8formats

1 Physical Layer Test - XAUL_16in_New?2 - Time Domain - | G

B0 File Cadbration Meadyre View (Rilties Tools Data Formst Window Help -8Xx

Qe 4@ X A B BFE O ®S 20@8%. - | Measke

Data Browser

3 x

yoom

—

= . Data Analysis
= 1 Time Domain (Ditfer
) XAUL16in_New2:1

3 Time Domain (Single-Ended)
= 1y Frequency Domain (Balanced)
) XAULI6in New2:1

3 Frequency Domain (Single-Ended)
4 3 Eye Disgram (Differential
 Eye Disgram (Single-Ended)
L RICG
. Caibeation
i Template View
(s Create New
5 Create New for Multi-data
2 USB3.0 Connector
(s USB3.0 Cable
(7 HOMI1 4 Category 1

L I

,llllillllll!
3 =

L

18- @

www.keysight.com/find/plts

LI T )

Color Grade Eye whistogram Iz =

P TS

i
[

(2 Oata Browser | [F2]stsrver ot O it Mk Dt i

Parameter Format Sefection I x
@ Parameter © Equation —
Dut File

TODL1| TDD12 | TOC11 | TDC12
TDD21 | TDD22 | TDC21

T0c22 |

TCO11

Teon2 [ recus

TCC12

TCo21

Tc022 | Teca | Teczz
ALL |

Param...| B 2l

Horzontal
Unit/Div] 17325 ns

Vertical Marker

4| unewonf6zmv HHretteel[27mv 3 [Markerz =]| ON |

Marker X Positon

Plot and trace
management with context-
sensitive parameter
buttons

Format, scaling, and
marker control with
easy access toolbars

Eye diagram analysis: RLCG model extraction
- n? parameters - 2 n?parameters

KEYSIGHT B it . 32

TECHNOLOGIES


http://www.keysight.com/find/plts

Comparlng Sl Tools: Physical Layer Test System (PLTS)

DCA-X 86100D
with TDR modules

; _}__:’f
B
I

2
i

e

171 LE
&t

4 fefe

nhfnGAnAn
N BREEFReE

Akl

PXle VNA

ENA/PNA/PNA-X

KEYSIGHT
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Comparing Sl Tools: Fixture Removal Techniques

What are we trying to accomplish?
— h
WQ, Probing
i g - Station
Goal: Characterize the channel WITHOUT including

effects of non-ideal instrument performance, cables

and probes!

KEYSIGHT Advanced TDR Measuremen ts
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Comparing Sl Tools: Fixture Removal Techniques

OVERVIEW OF FIXTURE REMOVAL TECHNIQUES

Most

Accurate v SOLT v’ S-Parameter De-embedding |
(Short-Open-Load-Thru \/ One-Port Automatic
Calibration) Fixture Removal (AFR)
For qualitative

comparisons of the
different methods

A Port Extension

X Time Domain gating

Most
v/ = evaluated in this seminar Simple

KEYSIGHT
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Comparing Sl Tools: Fixture Removal Techniques

SOLT CALIBRATION

Calibrate at !
connectors | % W

Calibrate at
Probe Tips

Goal: Characterize the channel WITHOUT including effects of non-ideal instrument performance; cables and probes

Process with SOLT Calibration: 3. Measure the DUT:
1. SOLT calibration at VNA/TDR <——— Reference
connectors 1&2 - A . =}
2. SOLT calibration at the probe tips - 1 | Probing
B o = = Station

using a calibration substrate

The above can be done directly on the
VNA and TDR with no other external tools

KEYSIGHT Advanced TDR Measurements 36
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Comparing Sl Tools: Fixture Removal Techniques

DE-EMBEDDING THE PROBE

Calibrate at pg o
el ¢ 1 s G )
= ¥ connectors | i
TN RT3 4 Probing
ER Station
2 2 €
3 8 Y

0

Goal: Characterize the channel WITHOUT including effects of non-ideal instrument performance, cables and probes

“Measurement Planes™>

Process with Probe De-embedding:
h ~ 4

1. SOLT calibration at VNA/TDR connectors 1&2 : .
2. SOLT calibration at VNA/TDR connectors 3&4 - : _
3. Measure the DUT + Probes ‘ - T iy

4. De-embed the probes

This will be done using Keysight Physical Layer k
Test System software (PLTS), N1930B. -
This can also be done directly on the Keysight

TDR or PNA < Reference Planes/

KEYSIGHT Advanced TDR Measurements 37

TECHNOLOGIES



Comparing Sl Tools: Fixture Removal Techniques

ONE-PORT AFR (AUTOMATIC FIXTURE REMOVAL)

/> ) Calibrate atlé I e
1¢~jz connectors [ ;
VNA H -

E

>

or
TDR

N
|

1S3NHLN0S
.
)

{
»

Goal: Characterize the channel WITHOUT including effects of non-ideal instrument performance, cables and probes

Process with One-Port AFR:
1. SOLT calibration at VNA/TDR connectors 1&2
2. Do not use VNA/TDR channels 3&4

3. Measure SDD11 of the channel into an open and/or short. A
4. Use one-port AFR to determine SDD21 (channel .s4p). TN i :
This will be done using Keysight Physical t.._;nm
Layer Test System software (PLTS) P/N ~E o
N1930B. This can be done directly on the F" = dow
Keysight PNA today. - LR i i
<—— Reference Plane

KEYSIGHT
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AFR (Automatic Fixture Removal)

Keysight N1930B Physical Layer Test System (PLTS) AFR is now available in the TDR. Need to
characterize a fixture with only one connectorized port (such as a probe)? AFR makes it easy!

1. Launch the R 2. Choose how the non-connectorized fixture
AFR wizard D e port will be terminated (open, shorted or both) Today is AFR
and describe — ' DB

your fixture.

- E Thru ol

“%Launch
UAFR Wizard

O

J 3
Calibrat Unknown gth computed using fixtured DUT measurement
File: DIf 015-02-19_1.4d
¥ Cle H
’ : — —_— Diff Thru
........ S oy : ey — o . Sy mre er .
wavetorm [ X 2 Wtlose
o | ribe Fixture | fy Standards | 3. Measure Standards | 4. R Fisture| 5. Save Fixture =
@ i g js 3. Moasure Standarcs | 4, Seve Ficlure ~
Measure o al Stanzards: TOR Sebo 1
oL LA — IR ST
TOR wius Mode: Sngle R S ~ 4/18/201
ouT1 s Ao o I

3. Measure the

fixture +
termination(s) h d
4. Save the
Touchstone file Or
K Open k
- E
T You are now ready to de-embed your fixture!
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Case Study, Quick TDR Insights: Impedance Profile

2000/ 100000 & Auto ]

: 2.4 mm Adapter : Straightaway ‘ Signals
106.00 Q : Connector Launch : Ground Shield Removed & | DUT 1TDD11" s
Straightaway Spacing Between Channels
Sharp Corner Decreases
Sharp Corner . Termination Into Open
£ : Sharp Corner
102.00 0 . Sharp Corner

10400 Q

100.00 Q
98.00 Q
96.00 0
34000

92.00 Q =y SSEESN Nmmms Dk Amm rEmeod 0w Dy R4 JREES A7 [ PSS BAr (s s 4 QAEEE [ pRA
0ps 200,00 ps 400.00 ps 600.00 ps 800.0) ps 1000.0 ps 120040 ps 1400.0 ps 1600.0 ps 1800.0 ps 2000.0

.2 .8 0 08 0 -
. —

, \ Y

Impedance Transitions Should be capacitive Should be inductive
KEYSIGHT (lower impedance) (higher impedance)

Pt S — Sog——




Case Study, TDR insights: Impedance Profile Into Short

3000/ 100000 & Auto]

112.00 O 1 1.85 mm Adapter : Straightaway
2 Connector Launch 0 Ground Shield Removed & Spacing
ioasa 3. Straightaway Between Channels Decreases
S - 4. Sharp Corner 10. Channels Narrow
5 Sharp Corner 11. Termination Into Short
106.00 2 6 Sharp Corner
7 Sharp Corner

100.00 O

97.00 O

31.00 Q

2000.0

KEYSIGHT
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Channel Characterization, Impedance Profile

ALL METHODS, 14 PS 10-90 EDGE SPEED

3.000 Ohms/ TD D 1 1

121.000 PNA cal at probe tips
All methods PNAAER it short

Q\ TDR AFR into short
oo \/NA and | DR

PNA probes de-embedded
3Q) /div

TDR probes de-embedded
Gadk

115.000

112000 AFR struggles with

Large-discontinuities |
At the end of the DUT

106.000 N

103.000

|
L '
o7o00 | Www VW v

/

=

Summary:

» Good correlation for both
instruments and ALL
methods

94.000
91.000
0.00 ns(Step 0.63 ps) 0.16 ns/ 1.60 ns
Marker - Marker X Position
2Ref Level[106 Ohms 2] [Marer1 =]| on |||t
KEYSIGHT
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De-embedding the channel using the TDR/Scope

Waveform Signal Processing Setup Alto Layout| | AINOTT| | X-Ray ? [|Close |

<

PNA, cal at
probe tips to
25GHz

TDR, AFR to
43GHz

I I R R I

TDR, de-embed
probes to 50
GHz

"D6A

KEYSIGHT Advanced TDR Measurements
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De-embedding the channel using the TDR/Scope

[Em——

gl 50 GHz De-Embed

| AVAVAV
N\ \N\N\\/
XX

Current  Minimum  Maximus m  Count

SOOTK

25 GHz Cal at Tips g= = . R

seonieBee

(((((

Eye Width[Time]

Eye Height

Summary:

Eye Width[Time] 27.36 ps

Eye Width[Time] 27.12 ps
Eye Width[Time] 27.58 ps
Eye Width[Time] Rawatchannelend 2402 ps
Eye Height[Amp!] [EAAFEI 1920V
Eye Height[Ampl] 1877V
Eye Height[Ampl] 1678V
KEYSIGHT Eye Height[Ampl] 1920V

QECHNOROCIES Eye Height[Ampl] Rawatchannelend 246 mV

Minimum Maximum Count
26.72 ps 2823 ps 31
27.02 ps 2743 ps 32
27.06 ps 2764 ps 31
27.36 ps 28.02 ps 31
2243 ps 2423 ps 31

1916V 1929V 31
1872V 1831V 31
1678V 1681V 31
1919V 1936V 32
836 mV 847 mV 32

« Significant improvement in
EYE opening with de-
embedding, as expected
(10% width, >100%
height).

» Eye Width correlation
across instruments and
methods within 2.5% of Tx
only.

» Eye Height for probe at cal
tips method low.

» Eye Height for AFR and
Probe De-embed within
2.5% of Tx only.




S u m m a ry - Channel Insertion Loss SDD21

* One-port AFR is the fastest and easiest measurement technique requiring no
special hardware and had very good correlation with the other methods.

=  Channel Insertion Loss (SDD:

For these measurements
TDR + AFR was accurate,
fast and easy PLUS the
TDR provided additional
insights !!

« TDR measurement results correlated well with the VNA

measurement results for all three fixture removal approaches:
« SOLT at the probe tips
* De-embedding the probe
* One-Port AFR

« The flexibility and fast live updates of the TDR offered additional and valuable
insights:
« Fast and easy identification of the causes of discontinuities in the impedance profile

* Measured the spectral content of the Tx signal to determine frequency test limits
* Provided simulation/de-embedding of the channel and scope/eye measurements

&
E=
=
=
L]
L=
=l
=
(=]
=]
3z

X

- mElGOCWE 46D

KEYSIGHT
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Acronyms and Names

 DUT: Device Under Test

* SOLT: In this paper refers to a TDR/VNA calibration technique
using Short, Open, Load and Thru mechanical standards.

« ECal: In this paper refers to a TDR/VNA calibrating technique
based on an electronic Calibration module characterized over a
wide frequency range

* AFR: In this paper refers to Automatic Fixture Removal.

KEYSIGHT
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