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Real-Time Oscilloscopes

Front-end architecture

Single Shot
Sample & Hold
. Display
e o Acquisition
Amplifier / Analog to Digital |, Processor
% — | 1 Converter ! Me oy
Trigger ! I 8
Signal : W
Time
Base

Sampling clock
SR max= 80 GS/s

» High SR allows the acquired waveform samples to represent exactly the
sighal under test ( Nyquist requirement)

» Track and Hold and A/D converters cover the entire bandwidth of the scope

» Trigger controls the storage of the digitized samples in memory
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WaveMaster 8 Zi Acquisition Board

Acquisition Memory (256 Mpts/ch total)
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Front End Architecture
Sample and Hold

= “Sample-and-Hold” (MSH) front-end architecture
to attain 16GHz Bandwidth

= Track and Hold circuits are placed immediately after high
bandwidth front end amplifier.

= ADCs can then digitized the tracked signals

= MSH simplifies analog routing of high frequency signals
= 15 GHz Edge Trigger chip

= Monolithic 40GS/s ADC
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Digital Bandwidth Interlieaving
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Bandwidth Interleaving
An innovative method to stay ahead of the BW curve

= Separate signal |
Into frequency |
bands 16 — 30 GHz

X
2
= Down-convert high
band to low 31.25 GHz LO
frequency

= Digitize down-
converted and low- 1-15GHz 2&X&

band
simultaneously

= Use DSP to 40 G sa/s ADC’s \/ \/
compensate delay,

|
X 0_ 16 GHz

Q

phase and memory
amplitude and 30 GHz @
combine bands
DSP channel 80 G sals
combiner

"Advanced Measurements ....not only Signal Integrity” - From DC to 30Ghz Real-Time Acquisition I_ecroy



DBI - A Whole New Ballgame

v Moore’s Law:

v" Transistors density continues to double every
18 months; the speed of circuit is doubling
every three years.

v' Test Equipment manufacturers use
the same technology employed by
state of the art devices under test

v DBl is a new way to extend the
bandwidth and the sample rate of a
silicon platform

v i.e. .... a step function to the
Moore’s Law
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Bandwidth Interleaving - Animation

% Macromedia Flash Player B Q@@

File “iew Control Help

DBI Animation - Lower b
Click Here Filter

16GHz 30GHz

Higher
Band
Filter

AD

Digital Bandwidth Interleave

START
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Frequency Response Optimization
LeCroy Real-Time 7 Zi and 8 Zi platforms

Magnitude (dB)

LeCroy WM 816 Zi 16GHz Mode, Flatness Optimization
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WaveMaster 816Zi Bandwidth Response
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Frequency Response (i.e. Magnitude Response roll-off and Phase Response )
influences rise time and the overshoot of the step response in time domain.

A “brick wall” rolloff produces higher overshoot and shorter rise time.
A “slow” rolloff produces less overshoot but longer rise time.
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User can optimize frequency response
to his application

Optimization
Mode

Magnitude
Response

Phase
Response
“Group Delay”

Benefits

Tradeoff

Typical Application

4t order Minimum Closely mimics an | Slower edge
Pulse Bessel- Phase analog scope. speed General
RESPONSE Ryt purpose
Eye 4th order Linear Phase Linear Phase Increased Serial Data
. Bessel- Response preshoot since ,
Diagram Thompson reduces preshoot and Testing
overshoot and overshoot are
improves edge equalized
speed. (Doesn’t matter
for serial data)
Flatness Brickwall Linear Phase Maximum flatness | Increased Spectral
in the pass band. Overshoot l
(Doesn’t matter | Analysis
for sine waves
or modulation)
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“Flatness Mode” Optimization

P2rize(F1) Paovsh+(F1) P4.avzh-(F1)
28 ps A% 2.2 %
v v v
&
Measure P1:rise20800F1) P2irize(F1) P3ovsh+(F1) P4:cveshi-(F1)
walle 20 ps 2ps T9% 5.2%
status v v v v
IN| DESO Timehagse 0.00 nz{f Tringer
S0.0 m'y iy 500 pzidiv| Ao 121 0mY
w350 m

2005 40,0 Gsiz| | Edge Megative

Scope Only Risetime = Measured Risetime 2 —Input Risetime 2
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“Pulse Response Mode” Optimization

Ll
P2rize(F1) Paovzsh+(F1) P4.avzh-(F1)
3 32 ps 5.6 % 2.3%
A v v v
i
Measwre P1:rize2080(F1) P2rize(F1)  P3ovsh+(F1) P4:avzh-(F1)
value Zips Pps BE% 23%
status v v v v
1] M| DCS0 Timehase 0.00 n=fl Trigger
0.0 m'y fefiv S00 psidv| |Auto 121 0my

2005 40.0 G5 |Edge Megative
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“Eye Diagram Mode” Optimization

¢ [PErize(F1) P3.0vsh+(F1) P4.0v=h-(F1)

31 p= 6.2 % 36 %
i

Measwe P1orise20800F1) PZrize(F1)  Plovshe(F1)  Pdovsh-(F1)
valug 21ps I ps G2% 36 %
status v v v v
C1 T Timebaze  0.00 gl

0.0 b (i SO0 psfdie At 121 0m¥
sddsnmy 2005 4000GSE Edge  Nepstive
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Frequency Response Optimization

Example : Real-Time 16GHz Oscilloscope

PULSE
RESPONSE

Measured Risetime
(10%-90%) 29ps

Preshoot 2%

Overshoot 13%

Magnitude Response

Bandwidth Shape Bessel

Minimum

Phase Response
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EYE
DIAGRAM

27ps

6%

6%

Bessel

Linear

FLATNESS

25ps

8%

8%

Flat

Linear

FPulseResponse

EyeDiagram
.

Flatness
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 Time and Frequency Domain Analysis
 Advanced FFT and Spectrum Analysis
d
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Time and Frequency Domain

FFT Basics

The Fourier transform
decomposes a waveform into
sinusoids with frequencies,
amplitudes, and phases which
sum to the original waveform

Amplitude

Amplitude

Time Domain

The frequency spectrum displays the
amplitude and phase of the waveform
components as a function of frequency

LeCroy




Frequency Resolution, Af

FFT Basics

= The frequency spectrum of
! an FFT is quantized with a
: step size, Af, defined by

| TIME the resolution bandwidth

ACQUIRED WAVEFORM

AMPLITUDE

= The resolution bandwidth
of the FFT is the reciprocal
of the capture time

CAPTURE TIME
=10 X TIME/ DIV

= The greater the required
frequency resolution
(smaller Af) the longer the

FREQUENCY

RESOLUTION
Af

!
I
w | Af = 1/ CAPTURE TIME record length must be
2 |
[
§ : = Aresolution bandwidth of
A |Q | 1Hz requires a 1 second
T asTFoURER TRANSFORM PP Frecueney © recordlength
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Frequency Span Range

FFT Basics

ACQUIRED WAVEFORM = The frequency span, or
Nyquist frequency, of the
FFT is proportional to 1/2
e e N I e D » the effective sampling rate

AMPLITUDE

I

I

I

I

I

|

- - = The effective sampling rate
' Is the acquisition sampling
rate

AT
SAMPLING PERIOD

< FREQUENCY SPAN > .
= The Sparsing math

FREQUENCY SPAN = K * ( 1AT) function can be applied to
reduce the FFT span

= The effetive sampling rate
with sparsing is the

e | I | E—| I — A . acquisition rate divided by
FAST FOURIER TRANSFORM (FFT) FREQUENCY the sparsing factor

AMPLITUDE

The Frequency Span or Nyquist frequency is
proportional to the effective acquisition sampling rate
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Magnitude And Phase Spectra

FFT Basics

HHHHHAHHHE ] - mereasencydomain

output of the Fourier
transform is complex

= A complete description
must include: Magnitude

1N INAR 1 and Phase

FIFFIF IO or

' T 1 T Real and Imaginary

components

Time Domain

= The magnitude spectrum
: can be displayed in linear
/\ Amplitude Spectrum units or units of power

= Vertical scale formats can
“ [ be linear or logarithmic

Phase Spectrum -
I I [ [
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SPECTRUM Analyzer Option
Simplifies Frequency Analysis, Adds Capability

File  Vertical Timebase Trigger Display Cursors Measure Math  Analy Utilities  Help

Peak # . Amplitude
-14.4 dBm

oo

Wi~ M

4707071 MHz
475 7070 MHz

noger DI
100ps/div [Normal 00 mv

20.0 dB/div|
2.50 MS 2.50 GS/s |Edae Positive

10.0 MHz/div|
ctrum Ana

Frequen pan Mode cale

Enable ‘

Center Freqg o ~ Reference Level

=

Center
ﬁﬂiﬂ 500.0000 MHz

| Start
Stop L 100.0000 MHz |

urce Trace

Window
VonHann

& send Screen To Email

Resolution BW
3.00 kHz

Average

54 2500 dB!

Reference Freqg.
1Hz
Show Pea
Marker -= )
Center Freg

= Common User Interface as RF Spectrum Analyzer :
= Center Frequency, Span, Resolution BW

= Averaging and Max Hold, Ref level

* Find Peaks capability
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Spectral display with mask test
Example of UNB with TFC 1 packet

sors Measure Math An Utilties  Help i1 | Setup. e al Timebase Trigger D Measure Math An Utiliies  Help M1: | Setup...

:'I(I “ ‘

v ’\ “I' w

Pass/Fail Q1: False Q2 False Q3 False Q4 Q5 Q8 Qr: Q8:
Aloutmask  Alloutmask  Alloutmask  ACPR23z20 ACPRM =220 ACPRIZ=20 FPT<( PE=0

Q14 Q2&Q3) = False Passed 0 Of 1 sweeps

i [UWBBand2P3D | imetase (O n|Trigaer 1]
500nsidiv)Stop  00mY 6.0dBldiv 6.0 dBidiv] 6.0 dBidiv 50.0ns/div] Stop 0.0my|

500kS  10G55|Edge  Positve 160 MHz/div| 160 MHz/div] 160 MHzidiv 500kS  10G3s|Edge  Positive

LeCroy THBI2006 8:08:42 P

THB/2006 6:38:01PH
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EVM / Constellation display
Example of UNB with TFC 1 packet

File Wertical Timebase Trigger Display Cursors Measure Math Analysis Utilities Help

St R e R R e R pihi

5]

A s el Rty

R R LR R S R e e R e

R R R RPN LIPS N ST STV S POPPIPTT FURILT N SRS
s R e e e R e SR RS e S

Measure P1:(EVIM) P2:(Ferr} P3--- P4 - - PE- - - P&i- - - P7--- Pg- - -
value -20.56 dB -9.72 ppm
mean -20.5585 dB -9.7198 ppm
min -20.56 dB -9.72ppm
max -20.56 dB -2 72 ppm
sdev - -
num

status

imebase 0 ng

354e-3idiv 354e-3idiv I54e-3div B0.0nsi/div] Stop
354e-3idiv 940 nsidiv 840 nsidiv 5.00 kS 10 GSis | Edge
LECI'O?' FM9/2006 12:00:03 AM
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J Emulating / De-embedding / Processing
U Cable de-embedding
U Using the S-parameters
U User-defined custom algorithms
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Cable/Fixture/Serial Data Channel

De-embedding

v De-embedding gives the user
the ability to view their -
waveforms as if the - >
cable/fixture/serial data channel g C o o
was not present. FIXTURE SCOPE

v Cable/fixture/serial data channel
effect is defined by user-
supplied S-parameter file.

v" Should be always done when
frequency content is increasing
Into the microwave range

Cables and fixture de-embedding
effects on a PCls Gen 2 signal

Advanced Analysis for High Speed Data Stream



Serial Data Channel Response
Emulation

v" Channel emulation gives the
user the ability to view their
waveform as if it were passing
through a serial data channel
that isn’t present. SCOPE

Y \\J Y\VY (Output)

I LW AN AAAN

v" The channel effect is defined by
a user-supplied s-parameter
file.

CHAMMEL

v' Useful to model worst-case
scenarios and understand how
design margins are maintained
in those situations

Advanced Analysis for High Speed Data Stream



Sampling and Real-Time good companion
for Signal Integrity Measurements

S-parameter files for
virtual probe

Amplitude, S-pararheters,

rise time, jitter impedance _ Design,
Compliance, debug,

jitter,

interconnect
Chip/fixture
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