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IndustriyUpdate: andiCommentarny

*APPROVED!!!
® Parts being sampled...
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[Late  Breaking Agilent:News
New Optical High Speed Mo

“Agilent 20& 40Ghz VCO in Coaxial Package
* Freq: 19.9, 21.5, 39.8, and 43.1Ghz |

* Low Jitter. 3-7dBm output power
* Size 1.20”x0.95”x0.40”

°Agilent 20& 40Ghz VCO in SMT Package
* Freq: 19.9, 21.5, 39.8, and 43.1Ghz
* Single or Differential Output |
* Hermetic package 0.77x0.4”x0.2” &

Ulies.

See Resource Page for more info.
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[Late  Breaking Agilent:News
New Optical High Speed Mo

Ulies.

® Agilent Driver Amp in SMT & Coaxial Package
* Freq: 40Khz to 43Ghz x X
°* >6Vp-p output pwr
* 15dB and 20dB gain

® Agilent 20Ghz Phase Lock Pwr Clock Drlver
°* Freq: 19.9 or 21.5Ghz ~9
* >16Vp-p Output Voltage
* Hermetic package 2.0x2.0x0.4”

Contact Nam Lee. Email:nam Iee@agllent com
Tel (408) 970-2822 Page 6 Agilent Technologies




[Late Breaklng Agllent News

®Agilent 81600B All Band Tunable Laser Source

* Industry widest tuning range

°* Complete S, C, L Band Coverage
(1440nm — 1640nm)

* Fastest Sweep Speed (up to 80 nm/s)
with guaranteed performance

°* Up to +8 dBm output power

http://advanced.comms.agilent.com/cm/rdmfg/tls
/181600b/index.shtml

Page 7

Agilent Technologies




[Late Breaklng Agllent News

® Agilent ParBERT 81250B 45G
* 38-45Gb/s
°* Add 2.7Gb/s or 10.8Gb/s tribs
* Variable threshold & delay
* Integrated CDR
* Differential output, 2V/single ended.
°* SONET editor

See Agilent web site for more information
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[Late  Breaking Agilent:News

* Agilent 86116B 65 GHz Optical; 80 GHz Electrical

* For 40 Gb/s component testing

* Highest optical and electrical
bandwidth

* Very fast rise times; high pulse fidelity

* Agilent 86117A/B Dual Electrical Channels

* Either 50 or 65 Ghz dual electrical BW “a
* Fast rise times
* High pulse fidelity

Agilent web site to have more information

Page 9 35 Agilent Technologies




.

 Agilent Technologies

THE 40G

INDUSTRY BUZZ

Send any feedback to:

larry _desjardin@agilent.com



Agilent Technologies

High-speed Waveform
Measurement Challenges

September 5, 2002

presented by:

Mike Resso

Lightwave Division
Santa Rosa, CA




® Fundamentals for measurements of very high-speed
waveforms

® Technology behind current state of the art

® Recent breakthrough developments that dramatically
increase measurement capabilities
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Communicationsispeeds; continue: to

SONET/SDH rates |
e 155, 622, 2488 | Cost/DS3-mile

&9953 Mb/s

e 40 Gb/s
development in
progress

Ethernet rates
e 10, 100 & 1000

Mb/s

e 10 Gb/s I e
development in 1980 1990 2000
progress
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Highifidelity: wavetorm measurements; reguire
HOWATIUCHNS
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Good measurement
practice for simple

e See at least third
harmonic

e Preferably 5"
harmonic for
accurate wave
shapes

Rule-of-Thumb

e 3x Bandwidth =5%

error

e 5x Bandwidth =1%

error

pulse measurements
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Reduced bandwidth reference receivers

ISEUNBIESTANEANIUSICOMPIaNCENVERHECALION

Key intent: verify that a
transmitter will function properly
in a communications system
e This is much different than
verifying the correct shape of
a waveform

Need a methodology that yields
consistent measurements

File Control Setup Measure Calbrate Utilities Help

Mask
STH1B/0C43 region  violations

total wims 100 1
falled smpls 0

01 Mar 2001 1508 m

]
]

- l[AcquiaiﬁUn is complete

LgaScale- 201 wdive _oaScale:10.0 muidive Time: S0.0 pe/div 4 Trigoer Level. |

across the industry
Optical reference receiver:
e This is much different than
verifying the correct shape of
a waveform
e Bandwidth at 75% of optical
baud rate

Example: 10 Gb/s reference
receiver has 7.5 GHz
bandwidth
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@scilloscope performance: A stable state of;
iz zirt forloorodmziisly Uy sz

)

50 GHz electrical measurement capability has
existed since before 1990

30 GHz optical bandwidth available before1991

Jitter performance (also important for high-fidelity
waveforms) approximately 1 ps rms (since 1990)

Adequate for all rates up to 10 Gb/s

Where do we stand for 40 Gb/s measurements?

Page 16 Agilent Technologies




410 3IS traNSMISSIOor S ¢ CAant
IMPIOVEIMERLSH NI EaSUIEINER A RSUIITMER AU O]

Return-to-zero (RZ) modulation , ,
File Control  Setup Measure  Calibrate  Utilities  Help 25 5ep 2001 16:54
formats bk o
t
e Extremely narrow pulse .
widths
e Fast rise and fall times

e Small amounts of
instrumentation jitter can
severely degrade displayed

waveform
RZ specific issues reside mainly [ 101 o e S0 U, T, e s |
in the optical domain cex e ) Pk
e NRZ to RZ conversion at the )2 Fecson Tnsbase | R @EmT) B ey, | e |
electro-optic modulator
= Optical measurements Question: Why use RZ Format?
can require more Answer 1: Reduces Inter Symbol Interference
bandwidth than the Answer 2: Approaches soliton transmission

electrical measurements
Page 17 ‘i, Agilent Technologies




RZ sighal spectrumyjs;widerthan the

*Optical spectrum for 2.5 GHz NRZ and RZ

10

15
...20
...25

0.330
0.035

Power

«+40
«s45
«s50

«s55
60
+1552.75 +1552.8 +1552.85 +1552.9 +1552.95 +1553 +1553.05 +1553.1
*NRZ *Wavelength (nm)
— RZ

Accurate waveform measurements require a
proportional increase in measurement bandwidth
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Measurements; ofi40  GbJ/s electrical

® Cables are lossy

® Cable frequency response has
high-frequency rolloff

® Specialized connectors
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Measurement bandwidthiis aisubset ofia more

El#ctrical Channal Frequency Responss Comparison

Anytime you bandlimit a signal,

the resulting waveform is T e
incorrect. Error magnitude &
depends on frequency content I 1 T
of the signal and scope e e R I
response ;g“"iif-—g oy gy |I I[
Several different frequency % rF —_—
responses can have identical —
bandwidth values éﬂl . TEEE . T
Can lead to significantly s
different waveform shapes %E e aE e ) o
1 : ” ML i B S| =
e Abrupt rolloffs or “peaking 20 e I g

prior to rolling off can lead to
overshoot and ringing in the
time domain response

e Well behaved, gentle rolloff is
i d ea I fo r a ba n d I i m ite d remslu_n Timehase. cale:75.0 mi/div cale: 100 my/div
m eas u re m e nt e.rerence 9.9853280 GHz £rrselUUV I set-1.0 my

1 EY &

tl RI’G(CM) %,éf gég g?é fs 1 I
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Why has measurement performance notikept

Main contributors:

e Electrical samplers: The heart of the wide-
bandwidth sampling oscilloscope

e High-speed photodetectors: Required for the
analysis of optical signals

e Circuitry capable of maintaining timing precision
to sub-picosecond accuracy: Key element for
minimization of oscilloscope jitter
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Electrical samplingl circuits

A sampler will determine the amplitude of the signal
at a discrete point in time

Based on microwave circuit technology

DC coupled, ultra-wide-bandwidth, well-behaved

frequency response circuitry is extremely difficult to
design and build

e DC coupling is required for several measurements
including extinction ratio

Sampler efficiency often is traded for higher
bandwidth

Electrical cabling degrades measurement fidelity

¢ 30-40 cm of good cable can reduce effective
measurement bandwidth from 75 GHz to 50 GHz
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Photodetectorlimitations

o Similar to electrical samplers, an optical front
end to an oscilloscope must have:

e DC coupling
e Wide bandwidth

e Well behaved frequency
response

° High responsivity/low noise

Qf""\Q

&,.u
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iminglacecuracy leadsitorwayverormijitter

How much uncertainty exists in determining the precise
time when a sample is taken

A trigger event determines when the sampling process
should begin

The time between a trigger event and the sampling event
is often several nanoseconds

Maintaining sub-picosecond timing precision over a
multiple nanosecond time span is extremely difficult

Trigger

Data
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New measurement technigues; provide
oraz1inroller) o2riorilznes

Optically based sampling techniques yield
bandwidths approaching 1 Terahertz

Ultra-compact sampler in a remote-able housing
yields up to 75 GHz of bandwidth for electrical
waveforms

Phase-based triggering technique yields jitter
performance approaching 100 femtoseconds (rms).
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@pticallsampling concept

Sampling bandwidth is

determined by the width of the Optical
sampling pulse Samplin

eUse very fast optical pulses
(~100fs) to sample the signal
under test
Noise can be dominated by the
bandwidth of the electronics
eMinimize electrical noise by
sampling in the optical domain
eConvert to the electrical
domain in a low-bandwidth ﬂ | b signal
intermediate frequency .
Perform multiple samples to
construct the waveform

Input Signal

Page 26 Agilent Technologies




lraditionalielectrical sampling architecture

1000 photons

900 electrons

100 electrons

Detected m}
Electrons

50,000 electrons

| Detected W
Electrons

Input 50 GHz
—Photons, 50GHz | __, Electrical
in
Aperture PIN O/E Sampler
] 10 ps Electrical
400 fs Optical Sampling
Sampling Aperture
Aperture
1000 photons l 500 photons
Input
__Photens | 1 THz 200 MHz APD
Aperture Optical O/E
Sampler
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Epticalildomainisampling architecture

Signal under test is linearly
combined with ultrafast 780 nm
sampling pulse from fiber ring
laser

Within the nonlinear crystal, the
signals interact to create an 520
nm “IF” proportional to the
amplitude of the sample

An avalanche photodiode
(APD) has extremely high
conversion gain to generate
many electrons to maintain a
high signal-to-noise ratio

Page 28

Signal
Under Test

1530 - 1610 nm

100 fs
Sampling
Pulse

Dichroic

Beamsplitter

| e MAJ\

Nonlinear
Crystal
Optical u
Filter 529 nm

APD
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OPLCAISAMPINGIOSEIIOSCORES

File Control  Setup  Measure  Calbrate  Utilities  Help 21 Jun 2001 07 40 l ,‘

Problems eliminated through |-
optical sampling
e Insufficient bandwidth
causes pulse to never reach
full amplitude (effects -
several measurements) o | [ s RS B
e Noise from instrument et
electronics masks true
signal characteristics

e Edgespeeds increase
(effects several
measurements)

rrrrrr

File  Control Setup Measure Calibrate  Utilities  Help 24 g 2000 10:44 m
EyedMask Mode.

rrrrrr t
itter RMSLEM) 219 75
Pulse wid.(ZM) 5,89 ps

i inum [ERT
210 T3 293005
9.89.ps 6.00 ps

1 cale:961 p/div 2 cale: 10.0 midiv 3 cale: 10.0 mdiv q cale: 10.0 myi/div. Time: 5.0 ps/div Trigger Lewvel
st 260 SMfsetnny  3Misetony 0 Misetiiy | DelayZO0oins - 00 ]
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Wide bandwidth provides a significant

IMPIOVEMERNNNEaSUTEMENACCUNACY,

measured amplitude (input=1}

Amplitude Measurement Error (Bessel-Thompson response)

! T 12 T
1 : : 1
| | 7 |
: : = :
| = |
06 ; 5 z |
1 1 L
: : =
' ' fab)
i : = i
' ' w '
04 : : : b i ; :
§ -8~ BW=65GHz | E 4 : - BW=65GHz | T
; -8 BW=100GHz | ; -8 BW=100GHz |
; - BEW=200GHz ; ; - BEW=800GHz ;
02 : : e - I = RN NN W wom————
. : : . : :
0 2 4 6 8 10 0 2 4 6 8 10

pulsewidth [ps]

FPulsewidth Measurement Error {(Eessel-Thompson response)

pulsewidth [ps]

Amplitude measured vs.
Pulsewidth (normalized to

1 unit actual height)
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Pulsewidth measured
vs. actual pulsewidth

- L]
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........

Agilent Technologies




Optical sampling oscilloscopes
EIAOCOPE

Provides over 800 GHz measurement
bandwidth for accurate waveform
analysis

e 40 Gb/s, 80 Gb/s, 160 Gb/s.....

A simple addition to the Agilent DCA
you already own

e Performs and operates like a
common wide bandwidth sampling
oscilloscope mwmwwmmas

1] |

| [ Iz s
| B

| Ledeaiga:
e

2 12 2 =]

2

il v
813 Frecision Tmebase Tme. 20 Level.
i D90 TR Renas ) s iiie | MBI |
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Increasing precision of‘electrical
WAVETOINIIN IS AaSUCTIICTiUS

Compact, remote sampler
yields increase in useable
bandwidth

Key issues
eMinimize cable lengths

eSmall lightweight
housing (like a 2 cm thick
credit card) allows easy
mounting on probe
stations

eUp to 2 meter placement
from instrument
mainframe
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Extensive samplerredesign

® Higher bandwidth sampler
requires extremely fast,
narrow sampling pulse

e Redesigned “shockline”
transmission lines

© Compact integrated circuit

e New process allows
smaller geometries and
precision circuitry

® Careful design of overall
frequency response
minimizes waveform
distortion
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Over 70 GHz ofibandwidthiand minimalicabling

12lels 3] lezit i oroYamans 1 YWelyaior jle

~af

P
~af -

Measurement of 43 Gb/s 81250 ParBERT Measurements of 43 Gb/s 81250 ParBERT
with early 50 GHz channel, 0.5 meter direct connection, over 70 GHz bandwidth,
cabling precision timebase

Fie Control Setp Measure Calibrate  Lilities  Help Z3Nov 2001 0232 m File Conrol Setp Measure Calbrate  Utilities  Hep 25Feh 2002 19.07 m

Evadhdask Mod Eve Mack Moo

MRZ Eye Meas =
Mashk Test c.

mit TESI) W@VETDI’I‘HS:_U

Mask Test '=|
e [~

vlum,a

Jitter M(CH) g?g % g E g'i'é ger;f% II
\Rise timeiCH

RZ /HRZ | Clear Iw
ale-43 wii/diy

ale:50.0 mivdiv cale: 1.0 myddiv cale: 200 mifdiv o Time: 5.0 ps/div Trigger Level: e : . . . .
fset: -Qél ' ffset:-300 ut ffset400 ut fiset0.0 4 E Delaz.?3 9549 ns l AC Cgﬁg I 1 Precision Timebase... cale: 75,0 mi/div) , gScale: 100 /v - Time: 5.0 ps/div Trigoer Level:
—I J Reference: 9. 953280 GHz l fiset:0.0 fiset:-1.0 m Dela¥:24.0030 ns I e I
| — S A C— —
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Reference receivers

Typical reference receiver

frequency response Agilent 83485A-0C-48 4th Order Filter Response
follows a fourth order . SINUS34430700
Bessel Thomson low-pass
response (why?) g, TR,
= NG
i 1 = INC e Passed
-3dB bandwidth typically £, RENE . R
set to 75% of the optical g \\ 03:09:33p
bit rate .
e A reference receiver for .» :

2.0e+05 7.8e+08 1.5e+09 2.3e+09 3.1e+09 3.9e+09
a 2.5 Gb/s system would Frequency (Hz)

have a 1.88 GHz
bandwidth
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Measurements: for RZ wavetorms

Y

5 2
4 o]
A | s\
5, It —) 2.
1 | 2
0 LJ LJ .8 \
1
0pS 100 200 300 400
Input signal Filter response
) 5
4 4
3 ~I| . 2l e
VAN A G I
'\ 1 jV LIV
'] o U LT
'1ops 0 20 30 40 1
: 0pS 100 200 300 400
Resulting eye Filter output
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Measurements for RZ wavetorms: An

JIZ2r=2rie2 12

Has not been defined by the standards committees

Receiver needs to be designed in parallel with key

RZ waveform specifications

“75% of bit rate” is likely to be insufficient

Currently, most systems are proprietary diminishing

the urgency for a reference receiver

in between the -I_l-

With RZ, the light I_l r] NRZ
\ level
ﬁ “Returns-to-Zero” 0110 1 L

4 transmission of two

RZ

digital 1’s Modulation Formats
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iminglssues alsorpresent problems

How much uncertainty exists in determining where
In time a sample is taken?

® For sampling oscilloscopes this is referred to as jitter

® Typical performance has been adequate for 10 Gb/s
measurements

® 40 Gb/s?

Trigger >

Data /\-}ﬂ\
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lypicalloscilloscopeljitter performance
AISTOSIUEYIHEROIE VNS SISITRAIS

Typical oscilloscope jitter is
1 ps rms

e Eye closure depends on peak
to peak jitter which is 6 times
or more larger than rms

The bit period for 40 Gb/s is
25 ps
e 1 ps jitter becomes greater
than 6 ps peak to peak

e Greater than 25% eye closure
due to the oscilloscope alone

Is the eye closure real, oris it
caused by the oscilloscope?

Page 39
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Newitriggerng scheme reduces; oscilloSCope
Liar OV ore izl E fEetor of 9

— L
—_r

Technique is based upon a (e Gmi Sy o Gbuo Uk by mwan ol (]
phase measurement rather than |
absolute time o
If phase of sampling point can E
be determined with a precision =
of 1 or 2 degrees, timing :;.
uncertainty approaches 100 fs. e i—
e All data is superimposed into =
one clock cycle ;F'
e Similar to triggering on a E <
clock signal, this always —
yields the eye diagram ol |
e Oscilloscope jitter is now et o e e

negligible, even at 40 Gb/s )8 " T | ST | S g |
Triggering bandwidth increased

to 43 GHz Page 40 Agilent Technologies




Conclusions

© Recent breakthroughs provide significant
improvements in measurement capability for the
highest speed digital communications
waveforms

© The work is not finished, and several
improvements are in progress

e Continue to provide feedback on what we can
do better
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