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- Traditional TDR/TDT instrument
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- Physical Layer Test System (PLTS Software)
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Unlocking Measurement Insights for 75 Years

» from Marketing’s Viewpoint

—

OeB=0
OxE+0B/ot=0

e D=p
OxH-dD/dt=J

Mr. Maxwell meet Mr. Boole and Mr. Moore !

4.2 Agilent Technologies
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What is Signal Integrity ? KEYSIGHT

TECHNOLOGIES

Unlocking Measurement Insights for 75 Years

» from Engineer’s Viewpoint

3" PCB Trace 3" PCB Trace

D> receiver - >

Series termination (~40 Ohms)

iV delay 1 0[000nsec

driver } driver }

Horizontal: 5 nsfd

Signal Integrity = Where the electrical properties of the
Interconnects can cause significant
distortions in digital signals.

Agilent Technologies
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What is Signal Integrity ? KEYSIGHT

TECHNOLOGIES

Unlocking Measurement Insights for 75 Years

> from http://en.wikipedia.org/wiki/Signal inteqrity

Signal integrity or Sl is a measure of the . In digital
electronics, a stream of binary values is represented by a voltage (or current) waveform.

Over short distances and at low bit rates, a simple conductor can transmit this with
sufficient fidelity. However, at and over , various effects
can degrade the electrical signal to the point where errors occur, and the system or device
fails.

Signal integrity engineering is the task of analyzing and mitigating these impairments.
Signal integrity engineering is at all levels of electronics packaging, from internal
connections of an IC through the package, the printed circuit board (PCB), the backplane,
and inter-system connections.

Some of the main issues of concern for signal integrity are ringing, crosstalk, ground
bounce, distortion, signal loss, and power supply noise.

Agilent Technologies
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4 S| problems and their cause KEYSIGHT
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Unlocking Measurement Insights for 75 Years

1. Poor signal quality of one net:  reflections and
distortions from impedance discontinuities in the |\
signal or return path. Manufacturing tolerances for I
PCB and packages. Line width changes, Vias,
Serpentines, Connectors, Cables...

2. Crosstalk between multiple nets:
electromagnetic coupling between signal lines.
Trace-to-trace crosstalk, Via-to-Via coupling,
Digital-to-RF coupling.

3. Power/Ground Noise: voltage drops across
impedance in the power/ground network

4. Jitter and EMI from causes listed above and
variety of other sources
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Today High Speed I/O Standards KEYSIGHT
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Unlocking Measurement Insights for 75 Years

Physical Layer Test of High-Speed Devices

0C-766
- DisplayPaort FED C3 Fibre Chanmel 106G Ethernat XFP Sat.Comm
Key Multi-Gigabit L HD DDR PCI Express il S CEl ATCA
Technologies S uoMmi Rapid 10 CWUSE PON
igh
ol e LSE Ethemet DigRF
N f‘
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Data Rates continuously increasing

KEYSIGHT

75 Years

TECHNOLOGIES
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4 Legend: Unlocking Measurement Insights for
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Sl is becoming more important KEYSIGHT
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Unlocking Measurement Insights for 75 Years

High Speed Digital Committees Risetimes become faster

oy HOMI Lin .ff*f

PCI Express 8 Gb/s
il 5 Gbl/s j
L-h-!l -.--cgfm*smAnlqn 25 Gb/s f
-/' 2009 2014
2006 2011

ﬁ
p 2003 2008
1'\-1'DD|-D nr} wir \l -

Reflections get larger
| |

Frequency Domain data is ALSO required |:‘= PCB Tracs

%% Agilent Technologies




What about using existing channels ? KEYSIGHT
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1Gb/s \

. 3Gbl/s =
=
-"/\" /-"' ,-"
g3 ¥\ .- \
" " Bt .f: if
d :
5Gbh/s
Transmitter Receiver

[ ]———— -
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Example: FR4 is showing its limitations KEYSIGHT

PCI Express 8 Gb/ TECHNOLOGIES

. e g;jm T o L}nlot.:king Meafuren’ient-lhsightsfér75_.Years
FR4 is common, low cost and easy to

manufacture BUT it has problems:

» Reflections at high speeds

» Dispersion varies with frequency

* High Insertion Loss

* ISl induced Jitter

» Effects vary with temperature and humidity

do e Differential Insertion Loss

50.00

“0.00 -

=0.00

20.00

10.00

0.00

-10.00

-z0.00

-30.00

-40.00 |-

-50.00° = - =
.00 MHz(Step 600 MHz) S29.40 MHz/ 5000.00 hHz

What Works
Today

Gets Worse
The Next
Time

No longer
usable

- Agilent Technologies
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Signal Integrity Challenge KEYSIGHT
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Unlocking Measurement Insights for 75 Years

4.8 Gb/s
5 Gb/s
8 Gb/s
8.6 Gb/s

5 Gb/s
3 Gb/s

0.8-2.133 Gb/s

%% Agilent Technologies
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Signal Integrity problems everywhere ! KEYSIGHT
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Unlocking Measurement Insights for 75 Years

e ‘m Connectors
, Wiy

Wiy

Backplanes

PC Boards

Agilent Technologies
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Trends in Compliance Test KEYSIGHT
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Unlocking Measurement Insights for 75 Years

With the increase in bit rates, standards continue to evolve and new measurements are often
the result. There is a growing need in the industry for more thorough evaluation of components,
as well as evaluation under actual operating conditions

High-speed Compliance Test Parameters
serial
standards

1990s Genl stime domain ( -
(~100s Mbps)

- 1980 1985 1990 19I95 zaluu 2005 2010 2000~ Gen 2 *time domain (imdeance, delay, SkeW)
(1~3 Gbps) «frequency domain (
)

200 @ Gello *time domain (impedance, delay, skew)

(=3 Gbps) frequency domain (insertion loss, return loss,
-

2010~ Next Gen «time domain (impedance,

(~6 Gbps) , delay, skew, )

«frequency domain (insertion loss, return loss,
crosstalk, mode conversion, ...)

Agilent Technologies
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Traditional Test KEYSIGHT
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Unlocking Measurement Insights for 75 Years

Time Domain Frequency Domain
(impedance, delay, skew, eye diagram) (return/insertion losses, xtalk, mode conv.)
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Oscilloscopes / TDRs Vector Network Analyzers

Agilent Technologies
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Time Domain Reflectometry (TDR)

KEYSIGHT

TECHNOLOGIES

Unlocking Measurement Insights for 75 Years

Time Domain Reflectometry (TDR)

Sampler

Step
Generator

Reflected Step

- PC Board
- Connector
- Cable

- Interconnect

TDR (impedance profile)

Time Domain Reflectometry (TDR)
* Impedance measurements

» Locate the position and nature of each discontinuity

* Propagation/Time delay

» Excess Reactance (Capacitance or Inductance)

o Effective dielectric constant

Agilent Technologies
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TDR - Short Termination KEYSIGHT
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ZO Unlocking Measurement Insights for 75 Years

70 PROBE

ey ‘

qu TL Zo l 0Q =z

»
Ll

\ 4

What do you expect to see at the probe before,
during, and after you close the switch?

-, =
0

Time —

Agilent Technologies
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TDR - Open Termination ' KEYSIGHT
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ZO Unlocking Measurement Insights for 75 Years

70 PROBE

[
—d o 3 > o—

R
qu TL Zo 0Q 2

Ll

What do you expect to see at the probe before,
during, and after you close the switch?

Time —

Agilent Technologies
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TDR - Perfect Termination KEYSIGHT
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70 PROBE

R —/ o A I > 00—
dEé TL Zo 22 ZL
s o ]

What do you expect to see at the probe before,
during, and after you close the switch?

Time —

Agilent Technologies
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TDR - Unknown Termination KEYSIGHT
TECHNOLOGIES

ZO Unlocking Measurement Insights for 75 Years

7 PROBE

0

R —/ o A I I>o l

éé TL Zo S 7,
s l

Is the unknown resistor closer to a short
(zero Q) or an open (o Q)?

E/l2 — /—\
0

Time —

Agilent Technologies
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TDR - Impedance Mismatch Terms KEYSIGHT

What is the value of Zload?

TECHNOLOGIES

Unlocking Measurement Insights for 75 Years

1+ p Impedance Calculated from
L =7, - Source Impedance and
P Reflection Coefficient.
0= & Reflection Coefficient, rho:
V, How much was reflected?
(AV)
N F / oo Q
A f Z,>2,9Q
_ f * I Z,=2,9Q
V, / V, \ Z,<Z,Q
i 4 Zero Q

Agilent Technologies




TDR - Multiple Discontinuities KEYSIGHT
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Unlocking Measurement Insights for 75 Years

P
1 P2
o— o o |
ZO Z 0 Z|L
P'l
0 0 L 0
v
4 3 Erz
Ei Er T
v | 1

4.2 Agilent Technologies
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TDR In the time domain KEYSIGHT
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Unlocking Measurement Insights for 75 Years

OSCILLOSCOPE
_|E E |
A > ZL

@ TRANSMISSION SYSTEM UNDER TEST
STEP GENERATOR ] E,

E. 1

| Oscilloscope display
Typical Step: 200 mV, 250 kHz square wave
G — l when E, # 0

with 35 ps rise time — T—

Agilent Technologies
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TDR measurement based on Scope KEYSIGHT
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Unlocking Measurement Insights for 75 Years

. File Control Setup Measure Calbrate Utilities Help 23 May 2001 0152/
Typical TDR result _TORTOT b — e
[r— Murmber Averages = 16
=i |E
« A: 50 Ohm cable " §|

. Launch to microstrip RS
e C: 50 Ohm microstrip ‘:f;
P

75 Ohm microstrip
50 Ohm microstrip

*Establizhing Refsrence

Plane is recommended Setip
i . & Info

Excess Reactance = 3.1972 pH

nmoow

“open” circuit

=y l

cale: 50 0 mfediv ale: 50,0 mivdiv Time: 2000 ps/divi  Trigger Level:
ﬁrrsetzauu.n v i jﬁset-znu_u v | ﬂ“ﬂtpfﬁsem | ymtpmsem | Deigy:52 681 ns | 200

Agilent Technologies
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Real-Time Oscilloscope KEYSIGHT
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Unlocking Measurement Insights for 75 Years

Input Signal :
Sample Clock ‘ ‘ ‘ ‘ ‘ ‘ e
t, — f—
Trigger Signal
,®
Reconstructed ’
Waveform 4
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Equivalent Time Oscilloscope KEYSIGHT

TECHNOLOGIES
1) BUildS Up the Waveform Over Several Sweeps Unlocking Measurement Insights for 75 Years

2) samples part of the signal on the first sweep, then another part on the
second sweep, and so on....

3) Laces all information together to recreate the waveform

» Useful for high-frequency signals
» Used ONLY with Repetitive Signals! No Glitches will be captured!
« Sample Rate is Not a Major Factor

A

TRIGGER
_LEVEL

18t Trigger s 4 A
2"d Trigger E—— —I_
3 Trigger J

Agilent Technologies
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‘ Equivalent Time (Repetitive) Tegﬁﬁi;que

KEYSIGHT

TECHNOLOGIES
Build Up of Waveform over multiple sample events Unlocking Measurament Insighs for 75 Years

Acq #1 | J

v T

. _ | | Acq#zr | | 1

- ¥ T
Acq #3 l
o T T : T T
.
g G Acq #200
o L
. -
- W ﬁ""-_.
b
“
= ®
-
™
;.Wv-"-"-'{ ) _EH':L ﬁr‘"'7&5':‘.“-'\‘."anﬂ".’.f‘:‘mb‘_m-‘!'WMB‘-M—-‘;Y,-:ﬁﬂht{fﬂmﬁ“ﬂ_ﬁqmﬂfﬂﬂﬁﬁﬁtﬂﬁ;
o | L | "

%% Agilent Technologies
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TDR — Spatial Resolution KEYSIGHT
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Unlocking Measurement Insights for 75 Years

TDR Resolution

The faster the edge, the closer two impedance discontinuities can be
identified as separate events on the TDR trace.

C - - 2
D,i,= * Lrise o &, =Vl 44
24€ . . -
o & =dielectric constant of the transmission

system
« C =speed of light in a vacuum.

For € = 4 and system rise time of 8
PS, D hin < 1mm.

Agilent Technologies
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What TDR edge should | use? KEYSIGHT

TECHNOLOGIES

Unlocking Measurement Insights for 75 Years

Select a solution based on your

 Too fast: you’ll see impedance discontinuities that will not affect the real signals in
your design (you'll waste time fixing things that do not matter)

e Too slow: discontinuities are masked

"L Hle  Setup  Medsure  Tools  Apps  Help

Agilent Technologies
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Time Domain Transmission (TDT) KEYSIGHT
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Unlocking Measurement Insights for 75 Years

)

Time Domain Transmission (TDT)

Transmitted

Sampler |— Sampler
Ste
- PC Board
- Connector
- Cable
Step - Interconnect
Generator
TDT (step response)

—
Time Domain Transmission (TDT)

* Step Response

» Propagation/Time delay

* Propagation velocity

* Rise time degradation

* Near-end crosstalk (NEXT)
e Far-end crosstalk (FEXT)

o Skew

Agilent Technologies
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Unlocking Measurement Insights for 75 Years

- Introduction / Signal Integrity Definition
- Evolution of Test Parameters
- Traditional TDR/TDT instrument

- Single Ended / Differential Topologies
- Physical Layer Test System (PLTS Software)

Agilent Technologies
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What is Vector Network Analyzer’> KEYSIGHT
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ocking Measurement Insights for 75 Yea

Vector network analyzers (VNAS)... Transmission
| yzers (VNAS)..
» Are stimulus-response test systems Reflection

Characterize forward and reverse reflection and transmission
responses (S-parameters) of RF and microwave components

Quantify linear magnitude and phase
Are very fast for swept measurements

Provide the highest level
RF Source
of measurement accuracy @




Reflectlon / Transm|SS|on Coefﬁments KEYSIGHT
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Unlocking Measurement Insights for 75 Years

Transmitted

Reflected B
A
REFLECTION TRANSMISSION
Reflected A Transmitted E
Incident - R Incident R

/ \ Group
Return _
SWR I \ Loss Gain / Loss \ Delay

S-Parameters Impedance, Insertion
Sis Sy, Reflection  Admittance S-Parameters o Phase
Coefficient R+jX, S,1, Sip Tcr:anifml_ssmn
: oefficient
+
Mo G+jB -

%% Agilent Technologies
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Signal Integrity vs S-Parameters KEYSIGHT
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Unlocking Measurement Insights for 75 Years

GOOD Signal Integrity
NNV ANNNVE - 41522220

— [—
Well Controlled

Z0 Z0 Impedance Environment
_::-::— P

POOR Signal Integrity

NNV A~ 2122720
——— — ——— —

mmm) |Impedance

Discontinuities Present
I | ——
Vr\/‘\/\/\

4.2 Agilent Technologies
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Importance of Calibration ! KEYSIGHT
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Unlocking Measurement Insights for 75 Years

0
= 2.0
data before calibration -
20 A
a8} —
= - F
@ B o
: C =
= 0
- 40 A _ g
5 V - 1.01
ha ] \ -
60 - data after calibration i
— 1.001
6000 12000

MHz

Agilent Technologies
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Trend to leferentlal Topologies KEYSIGHT

TECHNOLOGIES
Unlocking Measurement Insights for 75 Years

Ideal differential devices ) )
. Differential Structure
Low voltage requirements

Noise and EMI immunity :E:

 Virtual grounding

Non-ideal devices are not symmetric D|ffgrer|t|a| Stimulus
Can be identified by mode- Differential RESDUHSE
conversions {9
* Differential > Common )OO( e EE T T

« Common = Differential

] . i i ] Umntended mode cunuersmn
Differential signal integrity design tools

are needed

+h -
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What about non -ideal devices? KEYSIGHT

TECHNOLOGIES

Unlocking Measurement Insights for 75 Years

® Differential-stimulus to common-response conversion

WV eV T _
N T— NI\

Imperfectly matched lines mean the electromagnetic fields of the signals are not as well confined as they should be
— giving rise to generation of interference to neighboring circuits.

® Common-stimulus to differential-response conversion

\/\/\ \/\/‘\ —T T
- ;
VAVA — A\ e
Imperfectly matched lines mean that interfering signals do not cancel out completely when subtraction occurs at

the receiver. Measured by stimulating common-mode to simulate interference.

= EMI Susceptibility

Agilent Technologies
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Single-ended to Differential [S] KEYSIGHT
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Unlocking Measurement Insights for 75 Years

Single-ended - \—~Balanced

Balanced Balanced

Differential-Mode Common-Mode
Stimulus Stimulus Stimulus
Port 1 Port 2 Port 1 Port 2
= ©
202 Portl
@ Siu Sz Sz Su s3 8 Spoir Spprz Spcit S pes
= 228
=5 Port 2
8_ Sxn Sz Sz Su MATH... A o SDD21 SDD22 SDc21 SDC22
N S S S S L @
&J 31 32 33 34 égg Port 1 SCDll SCD12 SCCll SCC12
Su S S S ES 2 ponza S S S .S
8 & CD21 CD22 CC21 CC22
Naming Convention:
S Y .
mode res., mode\tlm port res., @rtstlm.

Agilent Technologies
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Mixed -Mode S-Parameters KEYSIGHT
TECHNOLOGIES

Unlocking Measurement Insights for 75 Years

Differential in, differential out: Common in, differential out:
Behavior of differential signals Behavior of mode conversion
(EMI Susceptibility)

Stimulus
\ Differential Signal common signal
Port 1 Port 2 Fort 1 Fort 2

Lo A
§ E_ SDDH SDD12 SDCH SDC’IE -
“’E 5 Ao I >
EE 2 SDI:IE’I SDDEE SDCE1 SDCEE
EE;: E SCDH SCD12 SCC’H SCC’IE
E g_ Scpzr Ocoa | [Pccar Seezs

Differential in, common out: \

Behavior of mode conversion Cnmr_non s cnmmun_nut:
(EMI Emissions) Behavior of common signals

“or I A
Ao I A

‘o I Ao
> 1 S

Example 30021.' Drive port 1 differentially and measure what has been converted to common mode at port 2

'-- - .|'
s

%% Agilent Technologies
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- Introduction / Signal Integrity Definition
- Evolution of Test Parameters

- Traditional TDR/TDT instrument

- Vector Network Analyzer Basis

- Single Ended / Differential Topologies

Agilent Technologies
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Unlocking Measurement Insights for 75 Years
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Unlocking Measurement Insights for 75 Years

N1930B - Software
Solution

Industry standard for
Interconnect analysis

Calibrate, measure
and analyze linear
passive devices

Use either VNA or TDR

Provides Advanced
Calibration Technigues




T iim idm B

PLTS: The UItlmate S| Solutlon KEYSIGHT

TECHNOLOGIES

Unlocking Measurement Insights for 75 Years

Agilent Physical Layer Test Systems (PLTS) are the most
accurate and comprehensive tools for characterizing high-
speed digital interconnects. . Reduce development times

- * Increase performance margins
Improve signal quality

Reduce EMI emissions/susceptibility
Improve models for simulation
Develop more compeftitive products

=

A S

‘-H.;..z-a- ] i X
“ﬁlart 0000 @] stop  [50000000 ES HUgitsg’Dw 10,000 B Aef Level [0000 ES X
RRRRR l ment. [T [Contin o [0 [peEvbedding [T [Ref-z [T [Hardware @ P1:500hm P2i 50 ohm P3:50Chm [P4: 50 0hm n




Port 3 Port 4

Four-port single-ended device

Stimulus

Stimulus

Pornl | Potd | Pot3 | Pond

Return Loss or TDR

Porl | Pot? | Port3 | Pord

Fre

uency Domain Parameters

et
s
........

Time Domain Parameters

[T T 'Y v ¥ = Insertion Loss or TDT T r T Yoy

M S S S Sw | End Crosstalk (NEXT) g7 T Te T T
B> 5 Sz S» Su | FarEndCrosstalk (FEXT) |2 & 21 Tz Tm Ta
E > Su Sm Sm Su E i Ty T T Ty

N € FFT —— ]

k] Ss1 Sz Sa3 Sy | — IFFT —s k] Tsn T T Tu
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Find out what’s causing impedance
discontinuities on your PCB

1. Parasitic capacitance in
through hole

2. Localized crosstalk

3. Localized changes in
conductor width

4. Localized changes in
conductor spacing

5. Reflections due to via
stub

6. Non-uniform dielectric

7. Dielectric constant
variation

8. Surface treatment
thickness non-uniformity

9. Localized changes in foil
thickness

KEYSIGHT

TECHNOLOGIES

Unlocking Measurement Insights for 75 Years




PLTS Eye diagram * KEYSIGHT

TECHNOLOGIES

Digital Pattern Generator x| surement Insights for 75 Years

Create Bit pattern for digital analysiz

PLTS Bit Ffpresengiuu — S — R —
V'g“;'};gﬁ)erm e e PRl e e R e e

Mumeric Representation I 01001000001111107000011001001101 - & Binay ¢ Hex ¢ Octal

Save Pattem Rize/Fall Time [pS] Data Rate [Gb/S]  Pattern Length [bitz)
jaBs N ED 3125 |32

ak I Cancel |

Measured Data Impulse Eye

Convolution

(TDR or VNA) Response Diagram

40 mve TDD21
Bit Pdtem'  PRBS DataRate (Ghis). 25
Rise Time (pg): 0 Pattern Lengt (bits) 277-1
440.00

0.000ps 70467 psl 794 867 ps

- Agilent Technologies



i e N :

PLTS RLCG Model Extraction

RLCG models describe electrical
behavior of passive transmission lines in [Z——eee=
an equivalent circuit model ::

PLTS creates highly accurate,
measurement-based coupled

transmission line model

PLTS can export into modeling and
simulation software such as Agilent ADS,
Synopsis HSPICE, and TDA Systems

Iconnect

Res‘i‘stanp P

~Inductance

"
RLCG G DD

H

~Conductance’

1 GAL

Resistance

S % % B s 4 0§ 0§ 4 4 4. o
EEEEEER RN SRR EREE R A

i

o e —

RLCG RE GL DD

t
i

RLCG IM_GL DD

BEEEER SRR

Capacitance

(@]
o)
| | D]
L)
c
&
@
D
()

neey

KEYSIGHT

TECHNOLOGIES

Unlocking Measurement Insights for 75 Years

RLCG © DD

.|Capacitance

nece

Opiors_Tods Layout_ Sevise_Wdow

Hep -
BE R EOERRECNN

o

ADS

chematic




Demo: PLTS KEYSIGHT
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Unlocking Measurement Insights for 75 Years

XAUI Backplane Interconnect

The XAUI is designed as an interface extender, and the interface, which it extends, is the XGMI|, the
10 Gigabit Media Independent Interface.

Differential Topology, Data Rate = 3.125Gbps , rise time = 60ps

Want to know more about XAUI?... http://cp.literature.agilent.com/litweb/pdf/5988-5509EN. pdf

- [ ﬁ Trace
Die - o /—\ PCEB Trace
’ — >L/

Vias

Connectors

£~ Agilent Technologies
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Non Coaxial Challenge KEYSIGHT
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Unlocking Measurement Insights for 75 Years

Signal Integrity devices do not have coax connecters
« Packages, high speed differential connectors, traces, cables, backplanes,
etc

Many RF devices are fixtured for measurements

There are two choices (both can give good results):

* Probe your device
— Expensive, probing expertise required, can be difficult
« Build a Fixture for your device to get to coax
— How to remove your fixture effects when they can’t be ignored?

Agilent Technologies
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The Problem

KEYSIGHT
TECHNOLOGIES
What | want to measure iIs embedded in the middle of a
bunch of interconnect | don't care about

| just want the via structure, or the connector, or the cable,
or the interface, or the uniform trace,...

.- Agilent Technologies




Error Correction Techniques KEYSIGHT

TECHNOLOGIES

Most
Accurate

Unlocking Measurement Insights for 75 Years

A S-Parameter De-embedding Automatic
O Thru-Reflect-Line (TRL) A Fixture
O Line-Reflect-Match (LRM) Removal

© Short-Open-Load-Thru (SOLT)

© Normalization
© Reference Plane Calibration

A Port Extension
Time Domain Gating

>

Most Simple
O = Pre-measurement error correction

A = Post-measurement error correction

Agilent Technologies




i S

The Solution... KEYSIGHT

TECHNOLOGIES

Unlocking Measurement Insights for 75 Years

Traditional Calibration

« SOLT
o TRL (thru, reflect, line)
 LRM (line, reflect, match)

De-embedding using

* Measured text fixtures
« Calculated test fixtures by 3D full wave field solver
» Calculated text fixtures by approximation (port extension)

The new way: really simple, automatic fixture removal (AFR)

Agilent Technologies
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De-Embedding “Automagically”

s e

KEYSIGHT

TECHNOLOGIES

Unlocking Measurement Insights for 75 Years

| DUT
What we want : DUT performance
SD
What we measure : — :
composite measurement ' i DUT |
of DUT and fixtures . )
SA SD SB
With the separate fixtures’
S-Parameters, we can de- :
embed the DUT alone e 1
from the composite «
measurements
SA SD

getting the S, and Sg de-embed files

Agilent Technologies
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Removing Fixtures KEYSIGHT

TECHNOLOGIES

Unlocking Measurement Insights for 75 Years

Historically — 2 methods:

* Model fixture using EM Simulation and de-embed the fixtures from the
measurement

« Use a TRL calibration technigue to move measurement reference planes to
the DUT.

Left Half Fixture Right Half Fixture

Coax et DUT Coax
——— h P

4.3 Agilent Technologies Robert Schaefer
S5 5/23/2010
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TRL (Single Ended) KEYSIGHT

TECHNOLOGIES

Unlocking Measurement Insights for 75 Years

Assumptions for single ended TRL

e Connectors and launches are identical
e All lines have same Transmission Line

characteristics

. Line 3
— Impedance, loss, propagation

{

— Only differ in length Line 2

* Lines are usable 20 to 160 degrees Line 1 /a
relative to thru
Open

* No coupling in fixture is removed

« Usually 2-4 lines depending on frequency
range

Ak

s
-

DUT

:.>~ Agilent Technologies Robert Schaefer
e 5/23/2010
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Differential Cross Talk Calibrati

on KEYSIGHT

TECHNOLOGIES

Unlocking Measurement Insights for 75 Years

4-port TRL Calibration Technique "
i nru
Fixture may be asymmetric M
Similar assumptions to single ended TRL M Line 3
* Repeatability of connector, launch,
and line M Line 2
» lines are usable 20 to 160 degrees

relative to thru

Additional differential constraints

Line 1

I

« SDCnm and SCDnm < -30 dB
o Skew between lines < 10 degrees

Coupling in fixture is removed

Open

DUT

VAV
Ll

:.>~ Agilent Technologies Robert Schaefer
I 5/23/2010




1 3 - e

esign/ Verify in PLTS your TRL calkits

KEYSIGHT

TECHNOLOGIES

Unlocking Measurement Insights for 75 Years

e T e — — =~ ,-..‘> 5

s,

ERIGY

Agilent Technologies
CST i

1)

& XILINX

(ii: Grgalest Labs

Agilent Technologies




Automatic Fixture Removal !

KEYSIGHT

TECHNOLOGIES

Unlocking Measurement Insights for 75 Years

Automatic Fivture Removal [AFIﬁ .

Ll

1. Describe Fixture |2, Specify Standards I3. Measure Standardg) | 4. Remove Fixture | 5. Save Fixture

This 5 step wizard characterizes and removes the fixture effects from your measurement.

New 5 Step Wizard

My fixture inputs are:

makes it easy to
define your fixture
and remove it from
your measurement.

) Single Ended
@ Differential

My measurement is:
22 Port
@ 4 Ports

Current Fixture and DUT Assumptions
Fixture Match: A=B
Fixture Length: A = B
DUT Z0: will be set to System Z0

Open or Short

%% Agilent Technologies




Cable Fixtures — Display Port KEYSIGHT

TECHNOLOGIES

ent Insights for 75 Years

Agilent Technologies




ble Fixtures — SATA

KEYSIGHT

TECHNOLOGIES

g Measuremen t Insights for 75 Years

‘3 Agilent Technologies




Cable Fixtures — HDMI ' CEYSIGHT

TECHNOLOGIES

Unlocking Measurement Insights for 75 Years

Agilent Technologies
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Cble Fixtures — Bullseye Conne

n A

ctor Fixtu&

Unlocking Measurement Insights for 75 Years

KEYSIGHT

TECHNOLOGIES

%%~ Agilent Technologies
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Demo: PLTS -AFR | KEYSIGHT

Unlocking Measurement Insights for 75 Years

One-Port Automatic Fixture Removal

Differantiol Probing

188 ohm Differential Impedance

Agilent Technologies




