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What Is Signal Integrity?

3” PCB Trace . 3” PCB Trace
Iﬁ receiver ’*-\."u'wv- %

driver ’ driver }

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

* >1 GHz of bandwidth

* <1 ns risetime
* Typically >2 Gb/s data rate with embedded clock

Signal Integrity = Paying attention to RF effects, ie. impedance
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The Reality Is That FR4 Limits Your Options
—FR4 is common, low cost and
easy to manufacture
—BUT it has problems:
. Reflections at high speeds

. Dispersion varies with frequency

. High Insertion Loss

. 1Sl induced Jitter

. Effects vary with temperature and

humldlty 1050 #8) Differential Insertion Loss

llllll

llllll 1 ! 4 . L L |
KEYS'GH I 000 ke Stan B OO0 MHZ) S00 A0 M e OO OO b

TECHMNOLOGIES

What Works
Today

Gets Worse
The Next

Time

Then
Stops

3125 Gbls

6.25 Gb/s

12.5 Gbls
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HETM3TDR vs BT XK eSHITOR

Measurement domain Display domain
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Frequency Domain
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Modern Vector Network Analyzers (VNAs) have the capability to display the time domain response by using
Fourier theory. Although the VNA provides a TDR-like display, there are differences between the traditional

TDR and VNA time domain techniques.

Measuremant domain Display domain

Frequency Domain

Time Domain
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One key difference is the lower frequency limit of the
VNA.

The Fourier Transform includes the effects of the DC
value on the frequency response. The DC value is

required to generate the step stimulus.

Since the VNA does not measure the DC response,
the DC value must be extrapolated. In the case of
ENA Option 010, the DC term is extrapolated from
the first few data points in the frequency domain.

This extrapolation method is sufficient in most cases,
but significant errors are introduced when measuring
devices with long transient response, such asAC
coupled circuits.

With ENA Option TDR, a new algorithm is

implemented to estimate the DC response which
allows for accurate results even when measuring
devices with long transient response, such asAC
coupled circuits.
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ENA Option TDR is more accurate than
Traditional VNA-based Time Domain measurements
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N9399C
DC Block (10nF)

Impedance [(1]

SATA Cable Correlation
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IPC Standard

ENA Option TDR as Standard Measurement Solution for PCB

IPC-2141 Controlled Impedance Circuit
Boards and High Speed Design

IPC-TM-650 Number 2.5.5.12

Test Methods to Determine the Amount of
Signal Loss on Printed Boards (PBs)

9.1 TDR Method of Choice _\1
Network analyzers winch use frequency domaim testing can
also show vaniations of impedance agamst distance by ati-
lizmg digital siygmal processing technques on the measured
data (uverse Founer wansform) These mstrumenls are an
acceptable alternative to TDRs but they tend to be more

\ﬂtpﬂl*:‘: ve __)

9.2.4.1 Correlation Of Difterent Equipment Types \
Extensrve comelation of vanous TDR and Network Ana-
byzer test equipment has been camed out as well as repeat-
ability and reprodecibihry smdies on indiaidual mnstu-
ments, Variations between systems are typically of the
order of 0.5 olms for mpedances of 50 ohm lhnes and 1
ohm for 75 chm hnes. A sigmficant porion of this 5
thought to be due to the different means of setting up cali-
brating and performmg measurements on different types of
equipment. Use of commeon sofrware to control the vanons

mstruments could mmprove these figures by ensunng stan-
dard set up, calibration and measurement technique _/

Page 30

Source:
http://kazus.ru/nuke/modules/Downloads/pub/147/0/IPC%202141%20Controlled%20Z2%20PCB%20.pdf

mining the amount of signal propagation loss caused by
materal characterstics of conducilors and accompanying
structures on printed boards [PBs). These lossas resul in fra-
quency dependent attenuation, «, as desaibed in PC-2141.
Threa of these methods 1o assass this 1oss are time domain
f Wl T basaed, and one i freguency domain (FDY based. Thase math-
‘ L ‘ o ods are:

= ' » Mathod A: Eftective Bandwidth (EBW) method
= Miethod B: Rool Impulse Enengy (RIE) method
« Method C: Shart Putse Propagation (SPP) method

IR e e—
G !_ ] ﬁ:npﬂ This document describes four methods mrr@

= Method D: Frequency Domain (FO) method /

s |-_ \
= e /ﬂd. FD (Method D Deseription) Two of the previously

dascribed methods use TOR 1o determine the loss character-
Islics af a PB. This approach uliizes a vaclor Nahwork Ana-
_ Iyzer (VWA o tha FET of 2 TOT for this purpose. Tha resul is
a clirect measure of freguency domain attenuation and loss.
VNA equipment ncludes caibration 1o the Bunch pad which
must be used. The Insertion §oss is directly related 1o trans-
o= = Sae mission fine design parameters utiized i signaling design
T : analysis. The matric for the FD methed is the slope of the
AMS insertion loss it for & specited frequency range. _/

Page 3

Source:
http://www.ipc.org/4.0 Knowledge/4.1 Standards/test/2-5 2-5-5-12.pdf

KEYSIGHT

TECHMNOLOGIES

Page


2.5.5.12

PRI IR KRR

BRtit
MEx{=SS _LFAIE . &L
Z,
SITATEEE 5> J o
. " (P BN RS
RO (T TRk STEEA) &
e T :

RIERIN ! -

ER (RS R 200 mV, 250 kHz ik | e
S EREEhIH L7t e 35ps 7~  WhenkE #

KEYSIGHT

TECHMNOLOGIES

Keysight Restricted

2/1/2024
Page

13



FFHAdE] (RT Rise Time) vs 3##ER

~o Hie Control Setup Measure Calbrate LUtilities Help 02 Dec 2005 01:36 ;l

RT =40 [_ |
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E5063A _=FHEYE] SHEMN o HER

E5063A 18GHz 8.5GHz 4.5GHz
Rise Time (LP  Spec. min
Step) (10-90%) 24.8 ps 52.4 ps 99.1 ps
Response Typ. min
Resolution @ LP Step mode, reflection
meas, in air (er = 1) 3.72 mm 7.9 mm 14.9 mm
Typ. min
@ LP Step mode, reflection
RS, T FRe (7= 242 1.67 mm 3.5 mm 6.7 mm

KEYSIGHT

TECHMNOLOGIES



BRI B eI

XSS _EFtAdIE]
RN/ pHR
Fovmoe  (EH+ Bk HUsiEAR

RIERIN
LR
RS EEsiR e
(BERSn3000VERER! !

R
RILRITRE

Keysight Restricted

PEFERRBIRAREEY4EZZER)

SRR LR S
10 e, gLiB -
Ilf’lﬁ!l:‘ii'!?fltiﬂf s

e
PR
R g i

2/1/2024
Page 16

KEYSIGHT

TECHMNOLOGIES




Three Breakthroughs

TDR & S Parameter

iiiiii
— —

Fast & Accurate

ESD Robustness
o 1 |
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for PCB Production and Quality Control

ESD Robustness

TDR Oscilloscopes

e 1l _:I ; .
:‘" ¢ ;- :3_"?-, Test Part )
[ CAUTION
- '|. )
* A
STATIC SENSITIVE 4
CONMECTORS U Termina tacl
USE ESD r Slep Generalo

PROTECTION

Thru-Lirse
Sample
Implementing a @ @
protection circuit > . L
Test Port
is difficult, i
because it will
slow down the rise

time of the step Theu-Line Termina ted
stimulus.
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Three Breakthroughs

TDR & S Parameter

ESD Robustness

i i - T
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for PCB Production and Quality Control

ESD Robustness

ENA Option TDR

VNA measures the -

vector ratios of the ™™ ¢ X X i

transmitted and % &

received signals. A} (R &

Therefore, the effects P Ssares had? 381
of the protection i Pl

circuit will be %_l[[_; l é
canceled out. (&) (R} :‘: W

Proprietary ESD protection chip

significantly increase ESD robustness,
while at the sametime maintaining

excellent RF performance (22ps rise
time for 20GHz models).
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Keysight f493 TDRPEIR 455

1.31E#EEESD(DC 3,000V)

2—H\Z8e, RIET
-TDR (B, &%) P, N

MRE R EIRRFENT (Embedded Antenna Return Loss),

IRAMFISIE (A0 TEFEED kRFEDT) i, FTEMFENEAT
N1500A +N1501AEXIEHRAE.

-Hot (BiFHaEk) TDR (EXAOPCEARHDMI, USBim) Sk
3. 5faEAccuracy (0.8Q), EEE Repeatability(0.05Q)
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Fixture

Simulator

Fixture Simulator
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- Keysight fF5EIRFIVNA , BI0E85 Tzt (2um0
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- FISPCEEEEAIEFES (USB Type-C)RIEEENNEE, ASHH@ITUSB3.0 HERIEHE3.
HETF(FE 4R R FIE(HEcaliIN4433D B N4431D AT Sim Y BERIE.
KEYSIGHT

TECHNOLOGIES Page



SFEMNTERIEZNim

e - AEEHERZ8Im20GHz W5, X
BimL] VNA £EZA44GHz RS-
X X

1
: 4w VNA
z ‘ 4imE VNA
ES (PP (2x P9377B)
U5 e
4.5GHz----------- 20GHz 44GHz DB

TECHMNOLOGIES -



R
ey sk AT ssay i,

W i
I "I H
L L g
T [ BT
= « I}
& o, =)
f o
| i
I [
I < - bl
Tt
rl
™
=
Isd
il
i
e
- I-.

22 - EF L AR FRAE

-PCBlh

P93xxB fFZA /4 + S97011B BEERAHE S T TDRE 4

Frequency Domain

EJEHH*Z*I]
Ziml =

A 1Ek (BB Y) FOsmiE(S&£0) ME
Sl (LUSRENEE R I 0 HER)
- MRHEPRLA

% \Em)\ﬂlﬁ Shaiga (4 ERimE)

?}}ZILU#%DUT: PCB&EHFIPCBIx £k (flexible PCB 8¢#& FPC)

Sl
17k BBFEE, S, YBRK, (SRR
,LJVV"%Z Z7BHTdd11), Z0ERR(Sdd11/22), ZEHTRER

(Sdd21)Z:

KEYSIGHT

TECHMNOLOGIES

Keysight/~fa{tE
. AERO<EM% (P9384BIAZ20GHz, &
+$97551B HHEEX{4H1XZE44GHz)

2. (SRR D HTER{4S97011B F4EMETDR

sENE

/——I—

HiTE%E

3. {(FFHECalfR A
4. VNAZRHIHSRESDERFE

BE2/P9377B

Page




TDD21 Eye Diagram

1 Rize Time (ps):

s TDD21
Bit Pattern:  PRES Data Rate (Ghis):
Pattern Length (bits): 2*8-1  Amplitude (mV): 200
440.00
400.00

Mame Measurement Result
Eve Level Zerolm) 2.19
Eve Level One(my) 395.94
Eye Level Mean(mb) 199,06
Eve Amplitude(mYy) 393.75

Evye Height{mY) 373.683
Eve Height{db) -4,27
Eve Width 1.00e-002
Eye Opening Factor 0.95
Eve Signal_to_Noise £3.96
|__Eye Duty Cycle Dist 6.31e-014
Eye Duty Cycle Dist(%) 0.01
Eve Rise Time (20-80) 4.99e-011
Eve Fall Time (B0-20) 4.99e-011
Eve Jitter(PP) 0.00e<+000
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189.315 psl

1883.151 ps

Eye Jitter(RMS)

DLDDE‘an
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ENA-CTDR Diff Eye Domain — Tdd21 1Gbps

E30T1C Netwark Analyzer

i At ChiTrace 2 Begporse 5 Inskr State Rege

Page

A ESOT1C ENA Option TDR Simulated Eye Results
A 11/24/2011 2:02:52 AM

(-1
Level Zero (V) 0.031792681
Level One [V) 0.342192319
Level Mean (V) 0.186%9925
Amplitude (V) 0.310393633
Height (V] 0.194655842
Width (s) 3.40E-10
Opening Factor 0875704585
signal [ Noise 8.045343026
Duty Cycle Distortion 9,54E-14
Duty Cycle Distortion [%) 0.009540651
Rise Time (5) 4. 26E-10
Fall Time (s5) 4. 25E-10
litter (PP) 4.06E-11
litter [RMS) §,98E-12
Cross Point [%) 49.97999512

1 Start 8.806693 MHE Stop 19.999999a03 G- En T Bl TG GT T 0

s DR [Tarelw] [ sem | (Rl | S5 e v)| 8] 2]1X]|

11-1
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ENA-CTDR Diff Eye Domain — Tdd21 3.125Gbps

ES0T1C Netwark Analyzer
1 &ctwe ChiTrace 2 Response 3 %muls 4 MErfbnabas B Instr State Fesize

Page

# ES071C ENA Option TDR Simulated Eye Results
#11/24/2011 2:04:11 AM

g
Level Zera (V) 0.053826879
Level One (V) 0306752666
Level Mean (V) 0.1B0289772
Amplitude (V) 0.252925787
Height (V) 0.07153229
Width (s) 2.4TE-10
Cpening Factor 0. 760339762
Signal / Noise 4.183046116
Duty Cycle Distortion 9.10E-13
Duty Cyele Distortion (%) 0.28424743
Rise Time (s) 2.23E-10
Fall Time (s} 2.25E-10
Jitter [PP) 4.70E-11
Jitter (RMS) 1.22E-11
Cross Point (%) 49.9584342

|1 ‘Start 8.BOGE53 MHz TFEW 700 k2

A 1] SRl [ T
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ENA-CTDR Diff Eye Domain — Tdd21 10.3125Gbps

Without Equalization

ESOT1C Network Analyrer

1 ctive ChiTrace 2 Resporce 3 Stmdes 4 Mxlanslvsis 5 Instr Stabe

|1 Stant Bansa0a M IFEW 70 ke

=e TR (2l e | R |
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Resize

# ES071C EMA Option TDR Simulated Eye Results

#11/24/2011 2:12:27 AM
L]

Level Zera (V)

Level One (V)

Level Mean (V)
Amplitude (V)

Height [V)

Width (s}

Opening Factor

Signal / Moise

Duty Cycle Distortion
Duty Cycle Distortion [%)
Rise Time (s}

Fall Time [s)

Jitter (PP}

Jitter (RMS)

Cross Point (%)

0.052189224
0.254257415
0172723319
0.16106319
i

-8.98E-13
0.533893954
2.145434515
2.11E-13
0.217549314
4 54E-11
4.44E-11
9.67E-11
1.63E-11
500671134
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ENA-CTDR Diff Eye Domain — Tdd21 10.3125Gbps

With Equalization

FSO71C Motwork Anakyrer

1 Ackwe ChiTrace 2 Response 3 Somubes 3 Merldrakss S estr Sate Resos

|1 Start B.BOBSOT MHE TFEW 70 ke

EeTDR [laelv] s | (REER | S

Stop 10. 060503603 GHr ) B IR IR VS

v 3)(2) ]
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¥ ES071C EMA Option TDR Simulated Eye Results

# 11/24/2011 2:17:15 AM
L

Level Zera (V)

Level One (V)

Leval Mean |V)
Amplitude (V)

Height [V}

Width (=)

Opening Factor

Signal / Moise

Duty Cycle Distortion
Duty Cycle Distortion [%)
Rise Time (s}

Fall Time (s]

litter (PP)

litter (RMS)

Cross Point (%)

0.020071422
0.213444394
0.116757503
0.193372972
D0.073065135
7.58E-11
0.792615214
4.821954457
1.16E-14
0.0115953989
7.06E-11
7.07E-11
1.55E-11
3.52E-12
45.959568324
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