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Agenda continued
6. Practical Examples

1.

High-Speed Characterization (effect of 4.5 GHz
Notch in test fixture)

BGA probe setup in infiniisim Virtual Probe

Tuned, measurement enhanced, IBIS parameters for
DDR

Creating S2P (touchstone) files from Gerber files

5. Basic Steps for Optimizing a Serial Link

Serial Data Analysis Solutions: 8b10b Trigger,
Decode, Search and Listing Feature

Small peek inside the 90.000 X 32 GHz scope

Agilent Technologies
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Generic Trend: Rates Going Higher & Higher

PCI Express

> 2.5 GTIs
> (2.0) 5 GT/s
> (3.0) 8 GT/s

USB Technologies 106G PCle 3.0
> USB 2.0 480Mbps ‘
» WUSB (RF 3.1-10.6Ghg)

Lt - et ..,............................... 2
....... o - .

SATA
»> 1.5Gbps
» 3Gbps
» 6Gbps
HDMI 1.3
> 3.4Gbps
DisplayPort 2006 2007 2008 2009 2010
»> 2.7 Gbps
» 5.4Gbps
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Generic Trend: Focus on Signal Integrity
Example ISI Jitter in Serial system:

| 1Gb/s
2.5Gb/s | \

3Gb/s

5Gb/s

Transmitter Receiver




Intersymbol Interference (1SI)

T

Single-pole RC time constant Effect on an isolated “1”

>Q< Effect on data eye

Agilent Technologies



Inter-Symbol Interference (1SI)

Transmission Line Bandwidth Limitation Problem

—. A.J. _ ............................... Threshold

“A” = 0 preceded by string of 1's = + éiarrc;r

TIE Trend Waveform

“C” = 1 preceded by string of 0's = + error

“B” = 1 preceded by 0 = - error

Agilent Technologies




Definition of IS

VHX_Min_Max_Hatio = VSwing_Max / VSw.:inn:;]_IVIin

Differential
Zero Crossing

4= [RX_Min_Pulse

Agilent Technologies



Data Dependent Jitter

Interaction of ISI and DCD means

The characterization of a backplane changes with

DCD
eData rate
eData pattern

Agilent Technologies
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Effect of Jitter on the Eye Diagram

Ideal Trigger Signal:

JUULOUTUUUTLLTLL

|ldeal Data:

|101101011100110 1|

Jittered Data:

1001 1|0 |1 0j2212100{212 1|01

Jitter in the Eye Diagram:




Key measure is eye quality

Unequalized 5Gb/s Unequalized 8Gb/s

Agilent Technologies




How to clean the ,rusty’ channel

“5fle Contol Setp Messre Calbrate Utlities Help wwnmor wo . |
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Transmitter De-emphasis

* We can account for loss through the —

T R

channel at the transmitter with

transmitter de-emphasis. .

* De-emphasis is also called pre-

emphasis. =

* The amount of de-emphasis may be —

programmable. De-emphasis off, measured at receiver

De-emphasis on, measured at transmitter De-emphasis on, measured at receiver

Agilent Technologies




Emphasis

5 Fle Control Setup Measwe Calbrale Utiites Help RTE T A
- Eye/Mask Mode

‘‘‘‘‘‘‘‘‘‘‘‘‘‘

=

R ﬂ% i .50
T GHz
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Figure above shows the waveform of a de-emphasized signal. Sometimes this is
called pre-emphasis, as one could see it as boosting the first cycle after a
transition. However, usually the signal’s amplitude is reduced after a delay of one
unit interval (Ul), if the data content does not change,so the method is called de-
emphasis.

Loss can be compensated for at the transmitting and the receiving end. At the
transmitter the loss can be compensated either by boosting the higher frequency
content (pre-emphasis) or by decreasing the low frequency content (de-emphasis).

Agilent Technologies




Definitions

* De-Emphasis:

> T o \( - Computer
T Busses like
delay () I PCle, AMB
L, (<=5 Gbl/s)
C(+1)
* Three Taps: | | D@ Output
P
doay | IEEE802.3ap
v JO) (10 Gb/s)
0
}

Agilent Technologies



Example De-Emphasis on a digital signal
in the freq uencywdomain

Source http://cp.literature.agilent.com eb/pdf/989-7193EN.pdf

Channel Input signal Channel Ou’rpu’r signal
BN Gl Db Usssss ik LbilE b DAY Ele Dkl 5 : 163z
/ '
™ E—1— 11— 1—
VT O ™ 0 i U | V1 P -
[ A [ S S SENSIE < |
| . | B ilir [ r ; 1
I ll i 'slp!'.'- il et _!I

+ .7 dB de-emphasis on the 9th In order to compensate for 6.2 dB
harmonic k9 attenuation of k9 by the channel

Agilent Technologies



Example No Emphasis

e Tl = M R e e ol ™ |

o | S i

Figure 12: Input zignal withoot de-emphazis, FFT mode meas- Figura 14: Dutput signal without de-emphasis, FFT mode meas-

uremeant urement

Agilent Technologies



Example De-Emphasis

O Gl Stp g e e b Bwiewd O 0 e Lom ses e G gne o m‘ﬂwg

| ==
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Figure 16; Input signal with de-emphasis, FFT mode measare- Figure 18: Dutput signal from the cable with de-emphasis, FFT

meant mode measurement

Source: appnote on emphasis http://cp.literature.agilent.com/litweb/pdf/989-7193EN.pdf

Agilent Technologies



De-Emphasis with N4916A

(De-Emphasis Signal Converter)
Positive de-emphasis  ,start of pulse"

— il o e programming
= = - —;EE = i Ele Cmvol Sep Meowro Clbole Uilfes fep  vwmorover| |
o= | @ sigicsagi ® A
A e |
S| 333333 ;
54 % 1 Ul
[ | ® -Etii}_. = delay CO) ‘
L . —®-@
eaeaegl| PR g
3388348 —
C(+1)

gﬁgﬁx’”“ [ .??fg"g\,"_“’ I 2 MotPrasent l Qrﬁpm ' g‘g—" ;‘gﬁﬁwﬁm Eﬁ'wg' i l %
.end of pulse®

Negative de-emphasis

progr\ammlng -‘;ﬁi:-ugggrfmx Seip Memre Gt Uites e s mm |
1 Ul
delay C(0)
1 -
or%
C(+1)
gﬁgﬁx’”“ [ .??fg"g\,"_“’ I 2 ot Present l Qrﬁpm ' g‘g—" ;‘ggﬁ*’?ﬁl Eﬁ'wg' i l Efg‘,?"'

Note:
de-emphasis is sometimes called also pre-emphasis.
Used in standards: PCl Express 1 and 2, SATA 3G b/s, fully buffered DIMM, Hypertransport, CEI 6/11G, 10 Gb Ethernet.

Agilent Technologies




Alternative De-emphasis solutions

* Fixed Delay for differential data

Power Divider
In

>_ Attenuator |

) L@
— :'E Zl =50 Oh
S

\— j: N_In
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Alternative De-emphasis solutions

_>::<_

De-emphasis

| — 5 file Cortrol  Setup Measure Calbrate  Utiities  Help gﬁugm 1345 ;[
o | 2
1o 1 el & : B

Attenuator

Attenuator De-emphasis

10 dB 5 dB -
12 dB 35dB OB | TR | Yot | Goresent | BT |

15 dB 2.5 dB
20 dB 12 dB 10.3 Gb/s, 1100 pattern

Agilent Technologies



Alternative De-emphasis solutions: 81134A

Use a power divider ( Agilent 11636B) to physically combine channel 1 and channel 2

On channel 1 program the voltage levels to achieve voltage levels in the “middle” of the pre-
and de-emphasis -

With channel 2 the de-emphasis is realized: Program the levels without any DC offset and
generate the pre- or de-emphasis.

Agilent Technologies



Example Backplane @ 5 Gb/s
in out
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Example Motherboard @ 10 Gb/s

m (gr'een) & ou“r (yellow)

no de-emphasis

optimized de-emphasis
(three taps)

maximum
de-emphasis x|
(two taps)
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3 taps Emphasis with N4916A J-bert
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Equalization:
Serial Data Equalization N5461A

The Serial Data Equalization software is innovative
software for the 90000 Series that allows for real time
equalization of partially or completely closed eyes.

Serial Data Equalization provides the following:

Modeling of both DFE and FFE
Automated tap value creation

Basic de-embedding capability

Full integration with the 90000 Series
software

e Real time updating

* Equalization wizard

e Full cursor control to measure eye height

The idea behind equalization is to use the voltage

levels of the other bits to correct the voltage level of
the current bit.

| EF53 =
s
5 : - = :
" i 1
| | -
| d | = [
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FFE Concept — an Example

“Tap” the “pre-cursors” to “equalize” the bit

Bitnumber;: 7 6 5 4 3 2 1 0 &;I

I H
7 : P
N\ 81 mV -3\

IR WA

3
<

- g
1
w
\l
3
<
(@))]
o
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P
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o

ik

Equalized signal, &(0) = ~L6k, + 202, + 182k, + 160k, + 81k, — 105k — 37k, + 218k,
* k are correction constants called “Taps”

e The bits before the bit of interest are called “pre-cursors”

e The bits after the bit of interest are called “post-cursors”

Agilent Technologies




Feed-Forward Equalization (FFE)

\

Tap, Tap,

Tapy.

Tap values are dimensionless; they
are a ratio of the voltage the . where LP is a 4t order
receiver should have seen to what it

. . Bessel.
does see. 7ap,is applied to the

current bit. /

N-1 N-1 4
gives €N)= Z(Tapk)f(n -K)  or e(n) = Z f(k)r(n-k)

ftk)= Tapsmw O LP(bw)

Agilent Technologies




3 tap FFE example from N5461A manual

_'l'( t—ﬂ'?})

oo

Note Gustaaf: FFE is like a FIR filter

where:

r(t-nTp) is the input waveform n tap delays before the
present time

C,, 1s the n'! coefficient (tap)
Tp is the tap delay
e(t) is the equalized waveform at time t

CDR is Clock/Data Recovery

Agilent Technologies



Basic Theory — Why Equalization Works

The Impulse Response h(t) has all the information contained in a circuit

element.

Transmission path

50 || ] 3

j> h(t)

To get the best taps, we need to invert the process

h(t)

s
[

ren il
e

‘73 Agilent Technologies

Equalizer
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Basic Theory — Why Equalization Works

ISI = Transfer Function = ldeal Taps

The impulse response is related to the transfer function through a Laplace
transform L [h(t)] = G(s) where Sis the Laplace parameter, S= |w+ a

The Transfer Function, G(S), describes how a signal is affected by a

network element
G(s)S(s) = R(s)

S = transmitted signal, R = received signal
* ISl is contained in G(S).
* The ideal equalizer comes from the inverse of the transfer function, G(s)~.
 Get the signal back as it was transmitted:

G(s)G()S(s) =G(S) " R(s) = S(s)

(except for random noise . . .)

Agilent Technologies




Basic Theory — Why Equalization Works

IS| = Transfer Function = ldeal Taps
- To get to the time domain take the inverse Laplace transform
L7 [G(s) " R(s)] = g, (t) O (t) = s(t)
« g,(t) Or(t) is the convolution given by
g, (t) Or (t) = [ g, (u) Or (t - u)du

* Or, for a discrete system, by

g, (MOr ()= g, (r(n-K

... which is an LFE - with N taps, f(n) ~ g,(n)

(note: L'Y[G (1)] = A(f) and L[G (¢) '] = g[(1), but g(¢) # h(?)!)

Agilent Technologies




Basic Theory — Why Equalization Works
Ideal vs actual LFE — MFB

The step from continuous, g (t), to discrete, f(n) , makes a big difference
* The number of taps went from infinity to about b (which is << o)

The (MFB) is the maximum possible signal to
noise ratio when an equalizer exactly cancels ISI

Let h(i) be the impulse response of the channel, then

k=0 i=0

erfect \S\ cO rrec’uon

hmte fikyvs infinite g

\mpulse resp
S\Qna\

. . erm
= rece\\led s\gﬂa\ NO\SG_,?

01S€ amp

. e
»*e
eee Bee-
ol



The Decision Feedback Equalizer (DFE)
Start with an LFE and . . . fix it!

A perfect equalizer would remove all ISI,
leaving just the signal and the filtered noise

e =s(n) +3 f (yw(n-k)
But an LFE: k=0

1. Is discrete — usually one tap per hit, ISl is continuous.
2. lIs finite — not long enough to completely correct the impulse
response.

Only uses information from the current and previous bits.

&

— Introduce another correction based on the best guess of the current
and previous bits — a feedback term — to cancel the rest of the 1Sl

1.e., use the logic to to the LFE output for better

Agilent Technologies




Decision Feedback Equalization (DFE)
Hardware Receiver

b(n)
1011001...

>

Tap,

Tap,

/

Tap values are dimensionless
scalars applied to the +/-
amplitude voltages.

Threshold

s(n) =r(n) >Thresholdoc ? Amplitude : (—Amplitude)

e r(n) is the signal at the receiver.
¢ s(n) is the +/- amplitude as determined by

gives _ _ _ comparing the incoming signal is the given
b(n) =r(n) - > (Tapys(n—k) Threshold.
k=1 * b(n) is the bit sequence coming out of the
receiver.

Agilent Technologies



Decision Feedback Equalization (DFE)
Principle

DFE calculates a correction value that is added to the logical

decision threshold.
This is the threshold above which the waveform is
considered a logical high and below which the waveform is

considered a logical low.

Therefore, DFE results in the threshold shifting up or down
so new logical decisions can be made on the waveform
based upon this new equalized threshold level.

Agilent Technologies




Decision Feedback Equalization (DFE)
Infiniium Implementation

s(n)is the upper target or
lower target as determined by
clock recovery.

r(n)

Tap,

/

Tap values are dimensionless
scalars applied to the target
voltages.

<
<

Offset Ais the gain. A is computed

when Normalize DC Gain is

s(n) =r(n) >Thresholdn ?UpperT arget :(—LowerTarget) selected.

gives e(lﬂ)=f(n)—le‘,('l'c?llo«)s(lﬂ—k) or |&n)= A{lf(lﬂ) Z(rapk)s(n k)J

Agilent Technologies



FFE vs DFE

* FFE implemented in hardware via analog
filtering.

e All devices perform the same filtering. Fixed in
hardware.

e DFE is adaptive and is performed digitally.

* FFE shapes the waveform. DFE computes a
new decision threshold for every bit.

e DFE can be used in addition to LFE.

Agilent Technologies



Difference Between FFE and DFE

DFE=Decision Feedback Equalization
FFE= Feed Forward Equalization

Key feature DFE FFE

Flexibility DFE is adaptive and is FFE implemented in
performed digitally. The DFE hardware via analog
system learns the tap values filtering. All devices
(tap values are dimensionless  perform the same
correction factors). filtering in FFE

Cost to Implement Expensive Inexpensive

Possible Tap Values ..
Unlimited 1

The application of FFE may noise gain.

This makes the oscilloscope industry’s lowest noise floor on the 90000A so important

with equalization and de-embedding.




CTLE example from N5461A manual

Continuous Time Linear

equalization (CTLE) is another

linear equalization method.

Equalization Wizard... | |  Close
_ Linear Eq (FFE / CTLE) Decision Faedback Eq (DFE) | Help E]
Many of today’s standards require | ibisplay nable ' gt
CTLE as part of compliance =G | 2ouree -
=95 P P J [charnci 1 3 [ Top Setup. |
When performing equalization on A B 2 B [aoset.] | pecovery..
your Infiniium OSCillOSCOpe, you LTEEF:-EMUEHHI- HF';TLE DFE randers as a Real Time
i 5 3 Eye. Sebup and enable Real
choose whether you want to use e Time Eye to enable DFE.
FFE or CTLE (or neither) for your 667 m =
. . . Check the CTLE radio butten
linear equalization method. Zero Frequency
650 MHz L]
A
. . . Pole 1 Freguency
The filter applied to your signal 1.050 GHz 8] S v Wy 15+ W)
via CTLE is described by: Polo 2 Frecmncy
5.000 GHz %
Agcw w 5 + W
H{S} _ dcmpl pZ . z
z (5 + U.'lle (5 + Wy

DC Gain (Adc), Zero Frequency (Wz), Pole 1 (Wpl), Pole 2 (Wp2

- Agilent Technologies
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Serial Data Equalization Provides a Complete
Equalization Wizard and Automated Tap Values

Equalization Wizard: Select Configuration [')_<| Eaualization Wizard: Setun DFE

Equalizer Auto Tap Setup DZI
i Select the signal to equalize .
Setup Checklist ’i—a:‘ Max Tap Value dose ettings and Auto Set.
S 500m A —
Configuration - gejact configuration in upper or only grid = 5
Help R

Ref - " ||r|F Min Tap Value —

eference TR A
Configuration 0.0 | Run Auto Set

Eye Width
Clock -
Recovery 0.0 Ul —
Thresholds v Normalize DC Gain
Acquisition Auto Tap Status
FFE Optimization complete. Tap values:
Setup T1: 0.286, T2: 0.126, T3: 0.071,
T4: 0.055
DFE
£EIS Setup Auto Set...
-
Help | k? Help | k?
< Back | Next > | Cancel ‘ < Back | Next > ‘ Cancel ‘

Wizard allows for seven real time eye options (including DFE and FFE on a closed eye)
Wizard provides full step by step process for clock recovery

Wizard provides tap value automation via the FFE and DFE setup menus

Wizard makes setting up equalization fast and easy

B wnN e

- Agilent Technologies

R




N5461A Equalization Wizard options
AT : : 1. FFE is applied, but the real time eye is
hot displaved. You will see only the

Setup Checklist - Select the signal to equalize waveform.
- geletgt ) h 2. No equalization applied. This is to
onriguration : : ; . .
4 Select configuration in upper or only grid compare an equalized signal versus a non-
Reference 2 ; :
Corfiguationt — equallz‘ed S|g.nal.
2° = 3. FFE is applied only to recover the clock,
Clock b : : :
ut the referenced eye is unequalized. This
Recovery 3 N ]_’(Mm,m,).:- : T
is useful forfinding the recovered clock
Thresholds e — O e from a closed eye.
Acquisition 4. Standard FFE equalization.
FFE 5 [g g 5. Standard DFE equalization for a non
Setup closed eye.
DFE 6(‘ 6. Standard DFE equalization for a closed
Set FFE =P Clock Recovery .
up eye. Note the FFE is used to recover the

? ..-ﬁ clock, but is notdisplayed in the real time
Help |k‘?

eye.
7. FFE is applied and then DFE is applied to
< Back Next > Cancel | the real time eye. Both are displayed in the

resulting realtime eye.

Agilent Technologies




N5461A Equalization Wizard options

Image from Dialog Box

Deseription

FFE~CTLE

FFE/CTLE is applied, but the real-time eye is not

shown. Instead, the waveform resulting from
applying FFE/CTLE is displayed.

No equalization is implemented and the unegualized
real- time eye 1s displayed. This 1s useful if you want
to have a reference to compare to. For imnstance, you
can put the unequalized eye in the top grid and the
equalized eyve in the bottom grid so you can
compare them on the same sereen.

’..[ FFE/CTLE Hmm}:E

FFE/CTLE 1s only used to recover the clock, but the
actual displayed real- time eye 1s unequalized. This is
useful if you want to have a reference to compare
to, but your unequalized eye 1s completely closed.
You cannot recover a clock on a closed eye, so
FFE/CTLE is applied to open the eve so the clock
can be recovered. In other words, this options
serves the same purpose as the selection
immediately above it, but i1s used with closed eyes.

M FrEsCTLE ]J-)rand:hmq }E

A FFE/CTLE eye 1s displayed on the oscilloscope.
This is a standard FFE/CTLE implementation and
can be used on partially or completely closed eyes.

A Decision Feedback Equalized eye 1s displayed on
the oscilloscope. This structure cannot be used on
completely closed eyes as the clock cannot be
recovered with this method. If the eye is closed and
vou want to implement DFE, use the option
immediately below this.

L( FFEACTLE l—ﬂm#mm scovary.

FFE/CTLE is used to recover the clock (but is not
implemented in the real-time eye display) and a
Decision Feedback Equalized eve is displayed on the
oscilloscope. This allows you to perform DFE on
completely closed eyes.

FFE/CTLE is applied and then DFE 1s applied to
the real-time eye. Additionally, since FFE/CTLE 1s
also used to recover the clock, this structure can be
used on completely or partially closed eyes.




Equalizer demonstration

 81134A as ideal source

*“Bad cable” as medium

*90.000 scope as receiver with N5461A
equalizer

Agilent Technologies




FFE Results taken from the Serial Data
Equalization SW

Unequalized 5Ghb/s

Agilent Technologies




DFE Results taken from the Serial Data
Equalization SW

Unequalized 5Gb/s
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De-embedding Fixtures or PCB Traces

LB Signal generated here
! Exits IC here
Exits board here

Combine measurements and transmission line
models to view simulated scope measurements
at any location in your design

___________________________________________________________

Thru : ! Thru

@W@*J*J*—J%’

Thru '+ Thru

Intuitive GUI speeds setup

Agilent Technologies




What is Virtual probing / De-Embedding ?

De-Embedding: _
‘There Is something between my measurement point and where |
want to measure that | have to remove.’

Embedding:
‘| want to add a cable to see what happens to the eye’

Virtual Probing:
‘| want to look anywhere in the circuit!

Probe Loading:
‘| want to remove any loading effects of the probe’

Accuracy: o
‘I want the lowest uncertainties.’

Why Virtual probing on Infiniilum Scopes?

% Agilent Technologies



Virtual Probing = Measurement Plane Relocation

@ Measurement Plane

Waveform Analyzer

SNl

v’

)
|
|
|
|
|
|
|
|
|
|
|
|
|
|
1

/

Connector Fixture

-,

1
|
1
|
1
J

\

T g

oS N NN -Q\
_----_,

Digital Source

-~

Connector

50Q Instrument
I Termination

\
i
|
i
|
|
J

- . ..

Digital Source ‘ Simulated Measurement Plane
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Virtual Probing (or Measurement Plane Relocation)

1
l
; Connector Connector
1
]

‘----_l

oS- — -y

Digital Source

Digital Receiver

Connector Connector

Digital Source

oS = = —— _-— iy
\----_,

Digital Receiver
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Transfer Functions

If you want to see signal at S but can only measure at M, what do you do?

* A Transfer Function describes the ratio of a voltage wave
entering/exiting one port to a voltage wave exiting/entering
another port.

* An S-Parameter or combination of S-Parameters can be used
as a Transfer Function.

* Transfer Functions are commonly described in the frequency
domain H(s), where s=jw

i
O
: Measurement Plane
_1 A I -

Digital Source S

Simulated
Measurement Plane

Agilent Technologies




Transfer Functions, continued

M Measurement Plane

Simulated
Measurement Plane

Device TIAZ'T‘lBZ
(]

M| *H(s)= 'S

M (k) * H(n-k) = S(n)

Acquisition Data / \ Simulated Measurement

Discrete Time Representation
of Transfer Function

Agilent Technologies



Removing a Channel Element — De-Embedding

e Compensate for Probing and Fixture @
Loss — Add Margin to Transmitter

Characterization
e PCI Express 2, SATA, and Custom

e Compliance Requirement for Gen 2

Connector
Connector

Agilent Technologies



Inserting a Channel Element - Embedding

Tx Signal

TP1

Virtual Probe

Pin
TP2

Connector

Connector
Connector

PHY Channel.s4p+
conn.s4p+package.s4p

Agilent Technologies
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Agilent De-Embedding Representation: InfiniiSim

Example Remove Insertion Loss of 1 Channel Element

InfiniiSim Model Setup: 2 Port; Channel 1 *

Save Transfer Function File As (Not Saved)  Circuit Diagram View Save
...ocuments\Infiniium\Filters\untitled.tf2 ® Measurement & Simulation Circuits | Transfer
Application Preset O Iv!easur{?menF {Zir.cuit Only Function...

Remove A Cable Or Fixture (1 Block) © Simulation Circuit Only Close

File

50.0 0 50.0 0 Help || &?

$—1c 2

50.0 0 (5) 50.00

Thru
Legend Blocks
= Measuremsnt Circuit C = Channel

= Simulation Circuit
@ = Measurement Node
(§) = Simulation Node
Chi=Pors1&2

Default
Model

Agilent Technologies



InfiniiSim: Go as Detailed as you need

From 1 block

To 9 blocks

Possoomoooooe- : File Po--ooooooo
5 50.00 | ' 50.00

: 1 C 2

: 50.00 ! @:ECICIH
Thru - Scope

Infinfi%im Model Setup; & Port; Channe| 1 *

Applicatian Presst Clrcuit Disgram Vi Save
= | @ Mossurermant B Sivlation Clicudts Transfor
Save Transfer Function Fle As (Not Saved) O Measurement Clreult Crly Funiction...

- , O Simudation Circult Only

o lumiFiltersesomfeb 3hlkmod.H2 l | Close
. il ‘ [ elo (7]
1Tz|—.—IA} 11:1}— :D: HIEI—FIA:}—.J’V\,—_L
{ J,)N
Open E Jm
Legend T4 1 L
= Mamiherment Oroul ? T = Trsnumiler Sourcs
= Srmulaton Creut i i = Tranamiter Crurnel
= Maukihesent Nods Thiu 1 Thru = Gareey Purpase
& Srulbon Mode ] O = General Purposs
Chi=Pota] k2 E B = Nacoiver Chamel
R = ecaives Liad
e E = Gersrg Puposs
b = Proba
F = Bage

T=Tx, R = Rx, M = scope, S= Virtual probing point

Agilent Technologies



InfiniiSim: Go as Detailed as you need

Each block can be a combination of 3 Sub-circuits

nifintiSim Model Setup; 1 Port; Channel 1 *
Applicaticon Prieset Clreult Drageam View | e

“ ) Measurement & Simulstion Cireults | Transfer
Save Transfer Function File As (Not Savad) o ST S { Function...

1 Fa - O Sirmusation Circuit Only

JumiFitersiesemitelz\ 3blkmod H2 | 7 |
. Li=] |
Fis Thiid Fe 09N eiie They Fi=
;004 | | | | I_ =08
1I2I—.—I:Al O o | 182 1R 2
T . & It

¥ ﬂ cm— e
i Fix Th Ty
Digon

I
E
Legerd 'L:’ —2. | Bacs
= Wi el Orcust ; T = Transmihe: Shute

& SEmustion Dot A & Transmiktar Cranne!
£ = Geneis Puipsss

O & Gerersd Puposs

B m Rt Chirs

R & Recawer Load

E = Gensdf Puipose

P Prode

F o= Bege

| Close
| Help

B = Hemmaeme hods
& = Smussion wose
Tl = Pt T & 2 g

50@

9 blocks
T=Tx, R = Rx, M = scope, S= Virtual probing point

Measurement / Simulation Clrcult

CrShared Block Block Independent
O Measurement Circult
= Simulation Circoit

Channal 1 Block
Block Type
COThru O 5-parameter File
COpen O Transmission Line (Lossless)
QORLC @ Combination Of Sub-circults

Sub-circuit Relationship

© Cascade —1 zll i1 2—
) Parallal s ..*._._;J
L) Series

Each block can be a combination of 3
sub-circuits. Total 27 S-parameter files.

Agilent Technologies




InfiniiSim Example: De-embedding of cable effect

JGenerate 3Gb/s PRBS7 signal

JGo through 6 meters of cable

Eﬁ Removal
£ vwatis

P B

Agilent Technologies




InfiniiSim Example: De-Embedding of 6 meter Cable

We are going to perform a Transformation of a Waveform

ACQUISITION of signal Simulated Result of
through 6 meters of cable removing the cable




InfiniiSim Example: De-Embedding DDR2 BGA Probe

TRANSIENT P el | |ﬁ| S—PARAMEFERSI B

;rfnaql SP1 Termd
Start=50 Mhz R=500hm
StopTime=3.0nsec =20 G =
MaxTimeStep=1.0 nsec S op:: e
. werroe |

R
Term
o || [ . PR Probe out - w,m_._.,_avw_ﬁ“ ;e;?n;?dm
Num=2 Term "l— '__'I" R

Z=750hm iy i Ternb
Tern8 S2P_Egn R=750m
Nure3 SoP1

= V2635 36 R | Model_NoProbe SUBCKT
Z=750m S1,11=0 1

S[1,2=001
S21}=sqrt(29060/75) R
S22=0 Ter
Z[1]=29060 R=7%0hm
Z2=75

C = R

C1

== c=2upF Termb
R=750m

DDR2 BGA prohe adapter for
oscilloscopes and logic analyzers

Agilent Technologies

May 28th, 2009




File Confrol Setup Trigger Measure Analyze Utilities Help 16 Oct 2008 8:16 PM

GSa/s 40.0 kpts ] 12 GHz

De-embedding Probe at BGA ]
Using 380ps_2ghz_unity.s2p Probe at BGA Probe at BGA

Signal BW Limit = 6GHz

BRA=EN

InfiniiSim Example: De-Embé¢

RT BGA = 390 ps
RT VIA =183 ps
RT De-embed = 175 ps

Rize time(fl¥) Rise time(mZe) Rise time(ml+)
175.65 ps 183.11 ps 390.085 ps
175.65 ps 183.11 ps 390.085 ps

Min 1.83962 V . 175.65 ps 183.11 ps 390.05 ps

Max 1.83962 V . 175.65 ps 183.11 ps 390.05 ps

Delete




Full De-Embedding versus Insertion Loss Removal

Meas(t)
Channel a Channel} '\
Element ent Element 12

Fu// De -Embedding

VS.
\ /

Ch el\— ;
El

ﬂt}_ ™

Insertion Loss Removal

zi Agilent Technologies



System Model

|
|
|
—Sﬂlx—> —2“'—) _2.1.B_> _SZLC_) : %
Szorx =0 < 811A> <822A SllB> <5223 Sllc> ézzc : >811Rx:
—
12A 128 Sizc :

Correct Answer

( )
TFppc= S218%S218%S51¢

1 = (S00*S11g + S208*S11c + S218*S11c*S128*S20n)
\_ Y,

Agilent Technologies




Comparing the two: Insertion Loss Removal

Insertion Loss Removal Uses “easy scope math”: S,g*

S

| |

| I

i

I Saas : Sz
:
|

j
|
i
—ey (o
Soa1x= 0 < 811A> <822A SllB> <5223 : P21
b
' Sle S128 : . ”
Given Answer Easy
( Scope ‘Math’

— * * -1
TFABC_ S21A S218 S21C SZlB

1 —(Sxa*S1ip *+ S228*S1ic + S218*S11c*S128*S224)  Interaction

*

N *

f Artifacts Are
Still There!!!

zi Agilent Technologies



Comparing the two: true removal of block ‘B’

Full De-Embed D

I ]
| I
I i
So11x : Saia s 2103 : Soipy 3
Szsz: 0 < ! S11A> <522A S11C> ézzc : > Slle: 0
| — —
' Sioa Siac |
Correct Answer
TRy = S18*So1c

1- (SZZA*SHC)

Agilent Technologies



Comparing the two: Full De-embed

Full De-Embed uses “complex scope math” that removes also

Full De-Embed

As measured

1 | Complex
I | Function
So11x E : —_—
Soo1,=0 <: 811A> <322A Sp : Scope ‘Math’
: S1on :

TF, S,1a*S218*Sa1c [1 = (S22a*S11s + S228*S1ic + S218*S11c*S128*S22n)] S2187™"

[1 = (S2o0*S1p + S208*S1ic + S218*S11c*S128*S20n)] [1 - (S224*S110)]

Interaction Artifacts
Are Removed!!!

Agilent Technologies



DEMO InfiniSim Virtual Probing

Test —Fixture to De-Embed

Agilent Technologies



DEMO JIM

INFINISIM

File Control Setup Trigger Measure Analyze Utilities Demos Help 14 Sep 2010 11:27 AM

. I Aw " ﬁ‘t
81134A/90.000 Setup
at Amstelveen Office

Tigier Hessere  Aiabvos  Uiiles  Demos  Help 14 St 210 15730 &M

Rle  enbidd - Selig

i g S0 ey
. .I. . L‘nl:ﬂn

ety

" Channels 153
Aorsition HW
e
SO0 iyl —

Kl ijife
it

of Sl
Bl Pt =

4 Poill [Charnnads: | & 3]

% Pod [Charnal 1)
ElBamiwiifih Limit

&l [@/e/o]

HMare
Color Grade ‘ Status | Scales 107 1. DO e
Delete
- - o - Al

to
32

Infiniisim OFF

Infiniisim ON

7,2~ Agilent Technologies



Agenda

Introduction

Eye Masks & TDR with an Network Analyzer
Pre-Emphasis

Equalization

Virtual probing / De-Embedding

Probing Hardware

Practical examples

© NS Ok 0D RE

Summary

Agilent Technologies



How to inject data from PG in embedded design?

Differential
traces

B : T
Agilent TDR Probe N1021B (1000hm, 18GHz) mounted in 3D Probe
Positioner N2787A could be used for patterninjection up to 18GHz.

Wheel for pitch adjustment

EZ-Probe Positioner from Cascade Microtech, here
shown with 6GHz passive TDR probe N1020A and
Calibration Substrate N1020A-K05. For more
information, see product overview 5968-4811EN.

PO Agilent Technologies




Differential Connectivity Kit
E2669A Differential Connectivity Kit

——— R

Differential Browser
® 6 GHz Bandwidth

* Input R: 50KQ

e Input C: .33 pF

e Variable tip spacing, replaceable tips Ergonomic browser sleeve
e Dual tip Z-axis compliance comes standard!

Differential Socketed

e 7 GHz Bandwidth

* Input R: 50KQ

e |Input C: 0.38 pF

* 100 mil socket spacing, accepts standard

Differential Solder-In

e 7 GHz Bandwidth

e Input R: 50KQ

¢ |[nput C: 0.30 pF

e 8 mil tip leads are flexible

20-mil round resistor leads

Agilent Technologies




ZIF Probe Heads

Economical replaceable solder-in tips

O N5451A Long-wire ZIF — extra span [ N5425A ZIF head + N5426A ZIF tips (qty 10)
= >10 GHz (with 7mm wire) at zero * Full bandwidth (13 GHz)

deg span

= > 5GHz (with 11mm wire) at zero
deg span

Key applications: DDR memory system,
server and storage, embedded
applications

Agilent Technologies



Probing Solutions for High Speed Realtime Scopes

InfiniiMax extreme

ﬂ; temp extension cable

5 -55~150C
12GHz differential @ % ( )
solder-in probe head

“
12-13GHz differential
6GHz single end S browser probe head
solder-in probe .
head \ . | :
12-13GHz '- " T«—  6GHz differential
differential o browser probe head
solder-in probe T e 4 gy § -
head - _ P .
- 7 |

12-13GHz . g O\ . ~~~ 5GHz single end
differential “ 4 p: '_«f;ft\‘ e \ browser probe head
ZIF solder-in probe < Ak
head & ZIF Tip & Pl & T 12GHz Socket

Long Wire ZIF Tip

(4~9GHz) / .%% \ probe head

12-13GHz SMA
8GHz SMA probe head probe head

Agilent Technologies




True Analog Bandwidth that Delivers... . o
Full 30 GHz Probing System »2,,‘”

AFProbe Head

s, // a ?ﬁ;‘ﬁi“éﬂﬁ" > v’ Integrated de-

ZIF Tips (28 GHz) stﬁ{f/ Prbe Pod & Amplifier embeddin g
P Full Bandwidth with

(N3445A) 30 customized s-
o parameter
2.92/3.5 mm Probe Head .
(N5444A) — 28 GHz loaded in the
amp
Sampling Scope Adaptor f'"""-= F u I Iy
(N5477A) : Solder-in (N5441A)
Full Bandwidth _, Probe 16 GHz u pgradea ble
al igh Impedance h d rdwa re
9
da(:tlggoﬁlzlmz PV/Deskew Fixture

(N5443A)

IniniiMax | and Il
Adaptor (N5442A)

Agilent Technologies




Introducing the Infiniium 90000 X-Series Oscillosco  pes
Engineered for 32 GHz true analog bandwidth that del  ivers

The industry’s highest

5 AullentTec Do e nt 2y e T

| : " Q- Q== measurement accuracy
@ | Full 30 GHz probing system
== |

0090 The most comprehensive

0 ‘N software specific application
|= Q9 Q software

Agilent Technologies




Infinilum 90000 X-Series Oscilloscopes

Engineered for true analog bandwidth that delivers

v' The highest real-time scope measurement
accuracy

v' Complete 30 GHz oscilloscope probing system

v" The industry’s most comprehensive application-

specific measurement software

Bandwidth upgradeable for investment protection

6 New Scope Models

DSO/DSA91604A DSO/DSA92004A DSO/DSA92504A

DSO/DSA92804A

DSO/DSA93204A

Analog Bandwidth (2 ch) 16 GHz 20 GHz 25 GHz 28 GHz 32 GHz
Max Sample Rate (2 ch/4

ch) 80/40 GSA/s | 80/40 GSA/s | 80/40 GSA/s 80/40 GSA/s 80/40 GSA/s
Std Memory 10M 10M 10M 10M 10M
Max Memory 2 Gpts 2 Gpts 2 Gpts 2 Gpts 2 Gpts
Noise @ 50mV/div 1.34 mV 1.53 mV 1.77 mV 1.89 mV 2.08 mV
Jitter Measurement Floor 150 fs rms 150 fs rms 150 fs rms 150 fs rms 150 fs rms

Agilent Technologies




Agenda

Introduction

Eye Masks & TDR with an Network Analyzer
Pre-Emphasis

Equalization

. Virtual probing / De-Embedding

Probing Hardware

Practical examples
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Summary
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Agenda

/. Practical Examples

1.

High-Speed Characterization (effect of 4.5 GHz

Notch in test fixture)

BGA probe setup in infiniisim Virtual Probe

Tuned, measurement enhanced, IBIS parameters for
DDR

Creating S2P (touchstone) files from Gerber files

5. Basic Steps for Optimizing a Serial Link

Serial Data Analysis Solutions: 8b10b Trigger,
Decode, Search and Listing Feature

Small peek inside the 90.000 X 32 GHz scope

Agilent Technologies



Practical examplel
High-Speed IC Characterization

1. Fixture Characterization — obtain your model
2. Simulate waveform using the model
3. Verify model and waveform with an actual measurement
4. Apply the model and De-Embed Fixture
- measure at connectors & simulate signal at balls of IC

2A

@ Ap s (geee BHE B ARER el _|

s

DaEmbeddng

Agilent Technologies



Characterizing High-Speed Integrated Circuits (IC)

Device:
ASIC /| FPGA / SERDES / Other High-Speed IC

IC - Top IC - Bottom

Agilent Technologies



Custom Fixtures

Accurate characterization often requires custom fixt

ures.
* Probing introduces measurement challenges
» Bring signals out to connectors
» Good fixture layout minimizes signal degradation
MEibediall— Measure actual signal here using
Test Fixture 1)y R -

cables between fixture and scope
(connectorized)

5 Ry
DUT g et
TX Output at the

il =
Y,
.ﬂ.l

» ‘;
i

pads/balls of the IC

|
3 [

_—

1

-

-
e e B e B
l.-l-.l-l-'l-'l"/

2 |

("« Problem: Fixture will degrade signal and may not represente  nd-user’s implementation )
« Solution: Remove fixture effects of the transmission line fro m pt A to pt B (commonly

referred to as de-embedding ). Allows us to predict the TX performance at the balls/pins of
\the IC, and/or predict performance using a differen  t layout/material >

Agilent Technologies



Step 1: Fixture Characterization — obtain your mode

) sSD0T
O Generate an S-parameter model :
a.  Simulation
0 Use design software such as Agilent ADS, PLTS
b. Measure
0 Use VNA (ENA/PNA) or TDR
o Do-It-Yourself or consult with an expert

such as GigaTest Labs ~ I FHITE

 Characterize raw (unpopulated) board — plan ahead!
» Add test coupons to fixture (e.g. Connector — pad, pad - Connector)
» Layout pads with adjacent grounds for probing e.g. GSSG, GSGS, GSGGSG
* Full S-Parameters - need differential probe that includes ground contacts

B
IC Pad A Connector

[y

Differential Probe
- usually used with positioner
- select specific footprint,

pitch, may be adjustable (no ground contact)

“#%- Agilent Technologies

T mmmeE A mAE riame s me | - wnaleam 2y vt Loktall

L —— - = e p =

L | :: VI Goal: Accurately characterize the
i“.. . %4 signal path from pad to connector. N1021B
GSGGSG Generate a .s2p or .s4p Touchstone file.

Handheld 18GHz Differential TDR Probe
- for fully balanced differential signals



Step 2-3 Use your model to Simulate...then Verify

Simulate waveform using model (input —> apply S-parameter model -> output)

simulate expected DUT TX signal (e.g. 10Gb/s, PRBS7, Rise/Fall Time = 25ps)

P Embed Function

' Hiw) F1 > [=
Apoly s4p =

24

1

SW Simulated SW Simulated

; : Input Signal Output Signal
Simulated point A P put oig

ﬁ. Verify model and waveform with an actual measurement Good
(inject signal from PG —> actual DUT -> measure O/P) Correlation

WHeET T

Input Signal from PG D Measured - _
\ Point A (raw board) Output Signal =i 4 Measured point B J'—y

Agilent Technologies




Step 4 - Fixture Removal (de-embedding)

4. De-Embed Fixture- measure at connectors (B), simulate signal at balls of IC (A)

JFE Ol Gete Mesare Cgleale (Hivs  bep Wb R (L [y [F—

o m

DeEmbeddng -

- 4

Signal from DUT De-Embedded
Output Signal

T M Dy M Jd § i 'l‘.‘ll:\ﬂ'l.l-I T T e || Tl s | o pamen
s} ooy ) § j fary [ty W H] 6. I it

Yellow = measured signal

Simulated Signal at Point A

/Beneﬁts: \

* Improved Margins

» More accurate representation of TX
performance (at point ‘A)

» Simulate signal using different fixture
without building it (cascade functions)

‘ » Gain valuable insight
RN AL Tt o~ O wote—could also remove cable effects too /

Agilent Technologies



Ily!
TDR into open (Step

Response) has a Steps

very long settling
time (trple transi) | 25 3, 42

‘0 0580

DUT - fixture BT Rl i ;

Characterize fixture —— -
SMA'padS with Aailent TDR and S-Parameter has Eye Diagram
b 9 notch at 4.5GHz Purple — raw signal (reflection)
probe '

-> Generate .s4p

[

5

Summary

» large notch in S-Parameter due to large reflection in
the fixture (be wary of triple-transit !!)

» the ‘inverse’ function (de-embed) amplifies a lot of
noise in the notch region => causes ringing

» must setup de-embed function to filter out notch at
4.5MHz.

Maricar Set 1 B

> if left “as is”, max data rate for fixture ~1Gb/s. il DT
» analyzing S-parameters can help predict 4 1835050 ps
effectiveness of de-embedding (look for excessive l0ss) Lias 45753475 GHz

Agilent Technologies



Agenda

/. Practical Examples

1.

High-Speed Characterization (effect of 4.5 GHz
Notch in test fixture)

BGA probe setup in infiniisim Virtual Probe

Tuned, measurement enhanced, IBIS parameters for
DDR

Creating S2P (touchstone) files from Gerber files

5. Basic Steps for Optimizing a Serial Link

Serial Data Analysis Solutions: 8b10b Trigger,
Decode, Search and Listing Feature

Small peek inside the 90.000 X 32 GHz scope

Agilent Technologies



BGA Probe

) BGA Probe Port

= Monitoring Pad = 1

= Memory side =2

= Board side = 3

= internal branching point = 4

BGA Probe

Controller

Agilent Technologies

July 21,2010




Infiniisim Settings

Package S-parameters, RLC

Tx, Bx Impedance

Circuit Diagram View S

Transfer
Function...

nffni:umkFultem until:!edtf? ]—1 F 2 W{
Thry They ™ Fie Subcrau
50.00 L | | | 3800
@171 2-@—1 A 2 i )2 1D 2 1 B2 -—anj—.-f\/\,j,
/50,00 il r I 3500 Controller
Thru They Dpan Open Fe Subcrout

-

Filz

Legend BGA Probe S-parameters A‘i—‘ Blocks

= Maagsurement Orolit T = Tranamitter Sowce
= Symulation Crouft

1 | A = Transmitber Channel
@I = Measuramant M Fle. P Gpen C = General Purpose
@ = smulstion Node | |nfiniimax head / 3 Channel D = General Purpose
chl=Pors 1 &2 S_parameters B = Recetver Channel
S-parameters @ SRR

E = General Purpose

P = Probe

F = Bridge

3% Agilent Technologies

July 21,2010




Observation point shift with Infiniisim

DRAM
BGA Probe

Controller

Sobup - Trigger Mesure  Amalyze Ui Help
Mhoquisition is stepped.
4.8 LSars 8.9 kpis

Meas

a(elC| Ellel 1.060 ns! i el
| = A Ciales

Acquisition: fnalysis:

Triggor;
Sampling Mode Real Time fnalysts Mem 480 ko oof 266 M He=de Edge [1)

We want to reproduce Meas \WEERR |nfiniisim

Agilent Technologies

July 21,2010



Observation point shift with Infiniisim T —

7 M et Cmpukl —
) Grraatn Tk Hon-p &

Tie
ks Thaa 00 S Pl

DHAM ogeh T L Lrsialisiay
TR A Combination OF fukrcigils
Sty Cin
AL O RAALEE R |
SlEA el Controller =i =

Acquisition is stopped.
48,0 G5a/s 48.8 kpts

Channel S-parameters

\WEES
Infiniisim

ke

Pebare f 1 ol i HI 1.00 nsf il GBS ns TH0.0% - +
o[ e Gl @ o
[l Acquisition: Analysis: Trigger:

We have only applied the channel S-parameters.
The delay is good, but the reflection and amplitude aren’t reproduced.

That means that it isn't enough with the channel S-parameters only.
'-.i' Ayglent lBGIIIIUIngles

July 21,2010



Observation point shift with Infiniisim

fFers, Tipe

e Trranisshin: | e | Loaskes)

=]l C1 Cammibinaticn OF Sulbvcirmyily
5 pararmetrr e

ARG 02 LA e ||

BGA Probe Controller i e

q‘-lia.i-tion 15 R —— faw
.8 Sare soo iz = 1 Channel S-parameters

TR FAIC Nl RADMO. P

[Z1Hip Madel
) e Lo
Ol The . O S paramaden Fle ::ng-it.-!
0 e Line -
Sy Elirosl vl Hestistisn i
I_'E.ﬂﬂ-_h ﬂ:i-u : 15,0000 Hio =
':E.-::"S;\Tt Ed.l-".mcn
17 il Shurt
e @
W - Ii
|—% E{_l-:
The delay and the first edge are perfectly reproduced. ]

But the ripples on the plateau are wrong.
That means that the Infiniisim settings are still wrong or something is lacking.
That is you have to re-examine your simulation. => Let's go to Example 3

Package S-parameters
and Chip Die capacitance

: Agilent Technologies

July 21,2010



Agenda

/. Practical Examples

1.

High-Speed Characterization (effect of 4.5 GHz
Notch in test fixture)

BGA probe setup in infiniisim Virtual Probe

Tuned, measurement enhanced, IBIS parameters for

DDR

Creating S2P (touchstone) files from Gerber files

5. Basic Steps for Optimizing a Serial Link

Serial Data Analysis Solutions: 8b10b Trigger,
Decode, Search and Listing Feature

Small peek inside the 90.000 X 32 GHz scope

Agilent Technologies




Practical example3

Simulation and Measurement Cooperation
“connected solutions”

Agilent Technologies




Simulation and Measurement Cooperation
“connected solutions”

Simulator (ADS)
Simulation using measured waveform

) ' and S-parameters
Oscilloscope : p .

New Function : Infiniisim | |=====T ===

Simulation on the scope | = . iU S
_— = ';“ "

- J!.' _—_—_‘-_:—::_h.-. P~ !
(@ C |
—_—— | Newfunction : ENA-TDR
-~ ===~ Simulation on VNA

Network Analyzer

Agilent is the only one vendor delivering both simulation and measurement !

Agilent Technologies




Simul and Meas, PCB board Straight Line

Straight line (test coupon).
We have designed it to be Z=50 Ohm.

6
0.5j — 3 R e TR »_oF TOET
- e P
i \ 7 V
...... 0.4— 3, ¥ 1 Y
A / 4
H
0.3+
0.2—
0.1— \ \
1 e | oy,
0.0 — S i T b om s e S CLR IS oL SRES IS
LT
\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\
0 100 200 300 400 500 600 700
time, psec

Simulated eye pattern and S-parameters at the design phase

ks 0 0
= LN 10
1 -2
1 -20—
F - b ~ B %
— i = 304
- T 2
L] g ) i Ly ©
) o N
2 o N
! 3 £
- !'t-'] 50 —|
= — -6
= -
.. ¥}
. N
B LU \ \ 8
L 0 2 4 6 8 10 12 14 16 18 20
N -l freq, GHz




Sim and Meas, PCB board Straight Line

Sehup' Trigon . Misdes eiite Lakdc. sl 5 dow T T

e Cowlesd

et L o et
> T 3 S R

Density
°o o o o
- N w £
0441;‘,‘41_‘_1_‘_1_‘_1_‘_1; \_A;
o
#0
., o |
Sy a!
" vy
i “~
¥
4
w
o
¢
4 %

L e ) B B O B B
100 200 300 400 500 600 700

i 3g

+

l .

ey 7 o
Cirlet v

time, psec

tf

Simulated Eye at the design phase : ;
Measured Eye

e
Y

I |\
I

T e eaad ]

I ——
|
PR AT I AN I I
|

1 i 1 I | I | I | I 1 | |

40 -
& - £ N
[ -z0 I'-z:
T ‘ T | T T ! T I T T | T T I T T ! T I [ I T T I T I T ‘ T I T T I
2 4 ‘ g 10 12 14 16 1’ 2 0 2 H 5 g 10 1z 14 16 18 20

Simulated S-parameters at the design phase Measured S-parameters

Agilent Technologies




Sim and Meas, PCB board Straight Line

0— 0
—~ A A r
{101 L S [ [ R WLT Il . MLl IL WL UIL . ;T EAY r
nn n& T TN TY o S5 L
Ankerk"RnbsH" Subst="SnbsH? Buihsk="51Ens1 17 SunsE e Bihsk="51En 51" U-)’ =
Lenglh=5MA L mm Langlh=FAL L mm  Longr=1UH mm Lenglh=PAD Lmm  Longh=Ltkie Lmm : —-5
W=SHA WM WFPED_I L eS0T ) WimPAD_ W 1R W= TME WS < 10— L
(=TT Lathair= ¢ Layar=2 Lapar=2 Laxar=2 = .
RLGE_File= RLGE_Fik= RL&E _File= LG _File= RLGC _File= N= L Q.
RouseFLEC=ne  ReusaRLGC=no ReuseAL3C=no FauseRLE0C=r ReuseAL3C=nD ;l::. -15— L @©
o 10 £
o £9 L =
[ty Tune Parameters g m -20 L :B
o
Sirmulate '_l : =
x5 [ s
Ert Er2 Tanb1 TanDz Hi Hz A
Tune r
30— L
Parameters |4 | 45 | [oo2 | [oos | 55 | [1s0 | ozt | -
5 | 5 | [oos | [oos | [100 ] EZI B | 35 : : —— ———— [ 20
Enable/Disable. .. _ _ _ - - - -
‘ . [ . . . . . 0o 2 4 10 12 14 16 18 20
[ snap Slider to Step ~ ~ ~ ~ - - - @
Traces and Yalues B . . - N N - fl’eq, GHZ
Trace Yisibility, .. - - - N N T: 'T):
[ Reset values ] B | B | [oo0 | [oo01 | EX 775 | o |
— o o1 | [oo01 | [oo01 | s | s | oo |
— D —
Lodeke Schemate re by [y e e me e
‘ | : j
e |
1

Tune PCB board parameters so that the simulated and measured
S-parameters, TDR and TDT come very close.

Tuning Result
er=42
h=360um
tan6 = 0.015

er=45
h=325um
tand = 0.023
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Sim and Meas, PCB board Straight Line

0.6
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! A L : e .
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Simulation before tuning
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Measured Eye
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Simulation after tuning
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Sim and Meas, PCB board Complex Channel

e

""" et N i

+-. z".‘l‘:’f’r‘ vl "-':::.
% b
R Fil
More complex channel Fo%,
- o o

Use the same tuning as the test coupon
(tuning parameters 2 slides back )



Sim and Meas, On Actual Device

Channel model

Controller =

BGA Probe
N
. Rx @Controller (READ) Rx @DRAM (WRITE) %
£t : - simulation - simulation E
? - measurement - measurement T

i i
I T s BETMEET

Is the channel model right ?

Are the devices IBIS model right ?
(Same thing for HSPICE model)
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Sim and Meas, Device

IBIS model from memory vendor

-,

—Y 8 —ARA—
| 71 L1 l tegmp. =

By A o Cetdpk

Nam=1 R=02925 O L=37irH

15
o2 -
C=l08aF

The package C seems to be 2.05pF from the sim model,
but is it true ?

L

Measuring channel
S-parameters

Measuring active device
S-parameters

Tuned IBIS with measured result

——_, ——__
pi L1 R 2 R2
The package C should be 2.76pF to L L Rt i
. B cz - Ccomp
make consistent with the measured resuilt. T
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Sim and Meas, Device: now with tuned,
measurement enhanced, IBIS parameter

154
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Walkage & Redever lerminal Wallauz @ Hediever Ceraial
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h; 13 z
= i =4
sy S
ﬁﬂ ) | '3';‘5-
z = E 2
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5% o £
1 READ
30 - simulation
g - measurement

[ine, B
niepEye(WFnniEaas BETMHR))
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Simulation on scope

Simulated waveform at the DRAM

Measured waveform at the probing point
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Agenda

/. Practical Examples

1.

High-Speed Characterization (effect of 4.5 GHz
Notch in test fixture)

BGA probe setup in infiniisim Virtual Probe

Tuned, measurement enhanced, IBIS parameters for
DDR

Creating S2P (touchstone) files from Gerber files

5. Basic Steps for Optimizing a Serial Link

Page 108

Serial Data Analysis Solutions: 8b10b Trigger,
Decode, Search and Listing Feature

Small peek inside the 90.000 X 32 GHz scope

Agilent Technologies
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Practical example 4:
Creating S2P files from Gerber files

Import Layout from mechanical CAD software into
Genesys or ADS

Inspect layer stack and ensure material propertie s are
correct

Insert EM Ports and Add Momentum Planar EM

simulation controller

Run EM simulation and Graph Results

Export Touchstone file to use in de-embedding net  work
In Scope

Agilent Technologies




Agilent Genesys : Cost Efficient, High Performance R
Software
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GENESYS: An Advanced User Interface

A modern, integrated Windows environment

Easy-to-use - “Hard to forget”

Tune
Window

Workspace
Tree

Page 111

| Layouts |

| Equations |




STEP 1: Import Layout from mechanical CAD
software into Genesys

> Genesys™ 2009.04 Supported File Formats

3l Edit View Layout Action Tools Window Help

New cei for import:
Cpen... Cirl+0
Close Workspace Ctrl+alt+C
Save Cirl45
Save As... = DXF DWG
Save All Waorkspaces Cirl+Alt+5
Page Setup... - GDS II
Print... Cirl+P

- Gerber
Export 3
Send as Email... GDSII File. ..

. N GENESYS Netlist...

! Hmp.In?pedfance.. e Gerber File. ..

; r\iji?i:im;s ' Load Pull Data File 4
. e m e M-File...

HABTELto D RS Directory of M-Files, ..

5 13.5GHz 4P EDGECOUPLED _BPF_MOM-1.wsx g}

& 13 5GHz 4P HAIRPIN BPF-3.wsx 5-Data Fle...

B : SPICE File...

7 Wilkinsonsplitter- 1wsx —

8 300MHzlowpassphaseshifter-2,wsx
passp 6.% Model Library...

Exit Old Genesys 5-Data File. ..
FOTTE™ VIO el cm F”E. -
v & B- @ B @
= ~x K
Variakle | Value |
Standard | %
None

<

PartList J [z Schematic S Layout
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STEP 2: Inspect layer stack and ensure material
properties are correct

LAYOUT Properties

| General |i Assodations | Layer |Fonts |

Shaw Columns: [ Metal Substrate General Layer Mumber and Color

] Show Al EM []EMPOWER [ Momentum Momentum Slot-Type:
. . On Bottom Etch 112 | |

Hame # | Color | Layer Type | Hide (Mirrored) Plot St Use Height Type Height| Er =
Top Eaver L OvET Cpen
Air Above &ir | 5 9
Top Azzembly 1 B |~ | 2zzembly Ll Fl
Top Sik 2 |x~]sik ] ] B
Top Mask 3 ||| ask HAE = EoH I
Top Metal 4 | =] 1stal [ H 0 Sub: FR-4 Rolled Cu
Substrate 1 5 |EE-|swsiate [ [ [ '__| :_! [] |Sub:FR-¢Roled Cu | =
Metal 2 5 || -|metal ] H | i Sub: FR-4 Rolied Cu
Substrate 2 7 B -|cubstrats ] N [] |Sub:FR-4 Rolled Cu E ac| =
Ietal 2 ¢ H~|vetal Fl H | 0 Sub: FR-4 Rolled Cu
Substrate 2 ¢ [ ~|sutstrate O O | ™| @ | [ |sub:FR4RoledCu | s8] 4=
Metal 4 10 | |=|Metal Fl [ E-H 0 [ Sub: FR-2 Rolled Cu
Substrate 4 11 -] Substrats ] N [] |Sub: FR-4 Rolled Cu = A5
Bottom Metal 12 =] tistal T | T 0| v Sub. FR-2 Aoled C W ' | )
i | il | l
[+ Insert J [A Up J [ 3 show Al ] [ g Lseal ] Frequency Units: |{T"1H2} [E Load From Layer File... J
[‘.K Delete ] [V Down ] [ Lj Hide All ] [ 5: Lze Mane ] Length Units: |IT|i| [H Save to Layer File, ., ]

Lo J[ el ]| oo




STEP 3: Insert EM Ports and Add Momentum
Planar EM simulation controller

_s¢ EEHL0
A D@ & 1opMetal

o4
a4

EM Port Properties

Draw Size: !_@_ |
vHz loz T
Ref Plane Shift; | O |
e
Port Mumber: | 1 |

location: [ 633.088 |, [ 1248429 | mid

Layer: I [ R v

Width: | o Line Direction: | Alang ¥ ¥
Height: D Current Direction: | Default v

Polarity

Single mode STRIP port

:I K, - transmission line

- extended calibration
For normal and no-deembed types, setting width andfor height
to zero will cause LAYOUT to autodetect their dimensions.

SNEAE=
(28 DefaultQtr
=5 Designs

-4 Rolled Cu @1000 MHz 107 ==y
%ﬁ, Momentum 1 [Cld Data] {Sch1){0.01
{Schematic) ™
§,2 Equation {E)

Agilent Technologies




STEP 4: Run EM simulation and Graph Results

- Layout with Momentum Mesh overlay

- Layout 3D View

-Graph of S-parameters

S=1E3

el

e

B S iy
Fr
™
| —1
[

Very simple to setup for accurate results. All
simulation options left to default (automatic)

10 309 502 o7 1205 1505 1804 2103 2802 fril] 3000
Fraquancy {MHz)

— =111

. e
»*e
eee Bee-
e,



STEP 5: Export Touchstone file to use in de-
embedding network in Scope

B Momentum1_Data

YVariable (MH.. F S11 S12 521 522
C3 1 10 -33.797 -£.674e-3 -5.674e-3 -33.797
F 2 12.595 -31.797 -6.122e-3 -5.122e-3 -31.795
Fraw 3 15.191 -30.174 -0 Boe-3 -8 55e-3 -30173
LogOutput="Momentum_32 GXF (full featured)Z 4 17.786 -28. 605 -0.011 -0.011 -256.607
S 5 20382 -27 B3 -0.014 -0.014 -27. 629
Sraw Add Mew Yariable. .. G 220977 -25 595 -0.016 -0.016 -26.503
Yraw | [ Add to Table 3 7 25573 -25.671 -0.018 -0.018 -25 660
ZPOR] &4 Add to Graph 3 8 261686 -24 838 -0.021 -0.021 -24 835
FPOR]  Snapshot.., g 30.764 -24 079 -0.024 -0.024 —24_[]?5_
Delete 10 33.359 G A
o 11 35.955
Duplicate 12 38 585 Saveln | ([ AEtraning v. 3 ? . EJ'
e — 13 41146
 e— > u a7 | 6D
et iaable— 15 46 337 My Recent
16 48.032 s
Properties... 17 51 598 Ea
Dataset Properties... 15 54 123 e
19 26.719
20 59.314 =y
21 61.91 y D"J
CCUmarcs
+ i 3 22 G4 505
CICS44BETY

Fie neme

q Save as bypa

Tty Mtk




Agenda

/. Practical Examples

1.

High-Speed Characterization (effect of 4.5 GHz
Notch in test fixture)

BGA probe setup in infiniisim Virtual Probe

Tuned, measurement enhanced, IBIS parameters for
DDR

Creating S2P (touchstone) files from Gerber files

5. Basic Steps for Optimizing a Serial Link

Serial Data Analysis Solutions: 8b10b Trigger,
Decode, Search and Listing Feature

/. Small peek inside the 90.000 X 32 GHz scope

Page 117
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Practical example 5:
Basic Steps for Optimizing a Serial Link

Page 118 Agilent Technologies




Optimizing a Serial Link
Xilinx: Agilent:

Multi-Gigabit Transceivers (MGTs) Measurement instruments for analysis and

+ IBERT Test Core optimization of signal integrity of Rocket IO
« IBERT core provides stimulus, signals s

* Tx & Rx setting control, and
 BER measurement capability

.= L L1 i

PC Board
DSA9000 series & N5461A Equalization Analysis
allows to analyze and optimize the signal integrity
including automated tap optimizer for opening the
PC Board eye. Graphical margin analysis via eye diagram

measurements including mask templates allows to

control optimization process.
S L ——

IBERT / g 3 ..-_f.sl
FPGA d s
Insert core with — ARk i 8
FPGA design SW > |BERT o —

e | & & [
N4903B BERT and N4916B De-Emphasized
Signal Converter allows to generate any pre-
emphasis signal.
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Optimizing Rocket IO Signal Integrity

Basic Steps for Optimizing a Serial Link:

1. Specify MGT configuration using Xilinx ISE tools, per your design’s characteristics.

2. Specify IBERT core parameters using Xilinx ChipScope Pro Core Generator consistent with #1 above; create IBERT core.
3. Load IBERT core and generate serial data

4. Replace IBERT Tx by SerialBERT + De-Emphasized Sig nal Converter and optimize pre-emphasis  controlled by BER

measurementin IBERT Rx or JBERT N4903B. Alternatively, the optimal pre-emphasis setting could be controlled by using the eye
opening measurement in the Realtime Scope 90000 series. The results of the optimization taps for Pre-emphasis could directly be

used in the Multi-Gigabit Transceivers (MGT) of Tx.

5. Replace IBERT Rx by Scope and determine the optim  al tap values for equalizer in the Rx using automated tap finder routine in
the N5461A Equalization Software. The result of optimal equalization could be controlled by eye opening measurement in the

Realtime Scope 90000 series at Rx. The optimal settings for equalization taps could directly be used in the MGT of the Rx.
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Practical example 6
Serial Data Analysis Solutions

1. Mask Unfold Feature
2.8b10b Trigger, Decode Feature,
3. Search and Listing Feature

Page 121 Agilent Technologies



Serial Data Analysis

Solutions

Mask Unfold Feature

File

Contral  Setu Measure  Analyze  Ulilities -
o Real Tim

Ex: 1.5Gbps Serial ATA PRBS

Page 122

The weakness of the mask test is that
violation points do not hold any time
domain information. None will know
when in the bit sequence it violated the
mask. The Mask Unfold feature allow
users to return to the exact eye violation
location with time stamp info.

bMeasure  Analyze  LHlHES e

ot [
are

[2af 2]

ofocig|

Mask Test| Scales HEE
Delete Hawigat ing zk f
All M,

Restore Original Maskl

5,5 Agllent lechnologies




Serial Data Analysis Solutions:

8b10b Trigger, Decode, Search and Listing

Feature

File Cortml Setup  Messure  Anolvze  Lhilses  Help File  Contral

SW Trigger with K28.

i AEAEEERR

al swarch inde 1]
¢ found 0

Setup  Mensure  Analye

Lhiliwes

W Ensbis Semcig

Halp

B Teoger On Semch
=

|
Dot | i -
=
L Piapiag P
T Hasawcirel 1 Lot
0 I Tiecima

,q,d.f.“ﬂ.-.-]

mrem T

by Proligesesd Tip
Frad k705 Then D107 | Tden Dot Cann | Than Dot Can |

Sl 1 Conbml - gkt 2 Dl
R0 EET BT A 01F34GEF 01234587
T TIT T e "“l OOTTTTTTTT GGl TTTTTTT Checkdl
I LT . o [ |
L 203 wme| cms - HE . FEREEEN
L] i nchech Al o T ol T T Unchech 48
T il I - B Q k) T oeslT LIl
i 1T K3LE KeTLEST DT T EREE N I
: ] LT B E o EEH:HI:H}HI[II
DRCTT T TR B2 T T i I | T'T1
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DEETTTTIT T el AT Tl LIE|'TTT"'IF l"i_ E‘:'s'r”-n_:-'_
paf T T 1L L sl 111 e T > T1
o b T L2 T TRBEE ANEE MR
M TTTTTTT T L beed | I T BT I T
Dyl T [ 11111 B M [T T T ol TTTTTT
A I oyl T T i1 b T 1111
T 11 T1 BN
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Symbil 2 Ciortrnd
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Serial Data Analysis Solutions:
8b10b Trigger, Decode, Search and Listing Feature

Fim Tyl Coslefy  Msamoe Arabygs Uil Help E0H Pl

o mmm- o

r Pl o . " a
I| ;-'I| |II|I ||| || I||I ||I| I|I| I| I|| |||| ||| |||| || |

" || | |||| ||| || || Contral  Setup  Measue  Anaboe  Uiilies Help

. 14 F1|§=_-

Cﬂntn:!l Ealup Mansure Anshze  Lhilibes  Healp

378509
I3 7863319 K205
A7 M350

13330713
7 309

15333 e[
19350 ke-00
2373931 8e-09
2T 219520e-09
.-
353502501
33 353 7e-01

Please refer to application note 5989-0108EN for more detail
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Agenda

/. Practical Examples

1.

High-Speed Characterization (effect of 4.5 GHz
Notch in test fixture)

BGA probe setup in infiniisim Virtual Probe

Tuned, measurement enhanced, IBIS parameters for
DDR

Creating S2P (touchstone) files from Gerber files

5. Basic Steps for Optimizing a Serial Link
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Serial Data Analysis Solutions: 8b10b Trigger,
Decode, Search and Listing Feature

Small peek inside the 90.000 X 32 GHz scope
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90.000X Example of a good Signal Integrity Design

What it takes to deliver

» An excellent IC process with high
bandwidth capacity and low parasitic
capacitance for low noise, customized
for test for measurement

» |C package technology for isolation
and reliability

» Pure signal path with other high
performance components

Technology investments deliver the highest measurem ent accuracy.




True Analog Bandwidth Delivers ...
High Measurement Accuracy

The 90000 “X” Series represents Agilent’s
largest oscilloscope investment in its history

The new multi-chip module has five new
chips all developed in an Agilent proprietary
(200 GHz F+) InP chip process

New packaging technology enables the InP
chips to be embedded in the packaging to
minimize wire bond and inductance

High F+, BS vias, high resistivity substrates
enable flatter response to higher
frequencies

New 90000-X Series MCM &

Investment and Technology Results in Analog Bandwid th to 32 GHz without
DSP boosting or Frequency Interleaving!

Agilent Technologies



True Analog Bandwidth that Delivers ...
High Measurement Accuracy

The Evolution of the Infiniium Front End

New Agilent
proprietary
packaging to
ensure high
bandwidth
and low
noise
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'EE RN EE R E N XN SN RNERENNNESRERSESSENE;SSEEBRBES
PR R B BN BN R A RCRTE RN BN R R R BN N R NN N RN
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&
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]
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K
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Agilent Technologies

Quasi-coax to ensure
signal shielding

Industry’s fastest
preamplifier (32 GHz)

Industry’s fastest edge
trigger chip (>20 GHz)

New 32 GHz sampler
with sample and filter
technology




Signal Integrity Example: Coax on PCB

“‘:““‘iﬁ- k.
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True Analog Bandwidth Delivers...
High Measurement Accuracy

The Tchnology Investment to Reach High
Bandwidth

Agilent proprietary fabrication facility
Agilent proprietary Indium Phosphide
chip process

Agilent proprietary packaging
technology

Agilent proprietary preamplifier design
Agilent proprietary probe design
Agilent proprietary sampling chip
design

Agilent proprietary board design

':::‘ Agilent Technologies Agilent Confidential
e February 23, 2010




Agenda

Introduction

Eye Masks & TDR with an Network Analyzer
Pre-Emphasis

Equalization

. Virtual probing / De-Embedding

Probing Hardware

Practical examples

© NS Ok 0D RE

Summary

Agilent Technologies
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Questions?
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