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dem Basic of longitudinal diagnostics '

Both the near field and the far field associated with
relativistic particle beams may be used for the Longitudinal
Diagnostics

Near field is sensed by means of Electro Magnetic pick-
ups (EM-PU) located on the beam trajectory, mounted
directly on the vacuum chamber

Far field is acquired by means of dedicated diagnostic
beam lines where the radiation can propagate up to the
sensor/instrument

Typically, on rings, we do prefer non-destructive diagnostics
(to perform the measurement while the beam is circulating),
whereas on single pass machine also destructive or guasi
non-destructive diagnostics are widely used (...new beam at
each injector shot)
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dem Basic of longitudinal diagnostics '

On single pass machines (LINACs and T7ransfer Lines) the
different radiations generated by charged particles interaction
with matter are also used for diagnostic purposes:

Optical Transition Radiation (OTR) D
Optical Diffraction Radiation (ODR) N-D
Cherenkov Radiation (CR) D
Smith-Purcell Radiation (SPR) N-D

The above mentioned radiations are all “instantaneous” i.e.
the temporal profile of the emitted field is a replica of the
bunch profile

Also, widely used in diagnosing the longitudinal profile of
ultra short bunches (4GLS) as the emission is in the
Coherent regime (ref. Femto-second Diagnostics lectures)
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i@ Basic of longitudinal diagnostics =5

For EM-PU, the measurement set-up consists of:

the PU
the cable
the acquisition instrument

For the far field based measurements:

the emitting portion on the beam trajectory
the extraction / transport / focusing optical line
the sensor and / or the instrument

For the destructive/single pass measurements:

the “radiator” (screen, siit, aero-gel, grating)
the extraction / transport / focusing optical line
the sensor and / or the instrument
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eletira Longitudinal particle motion 1] |

Accelerating (aka longitudinal) fields are high frequency EM
fields (radio frequency / RF fields)

As free EM wave has no component along Z: need for
accelerating structures

Being the fields AC = synchronicity, bunching

- = Ailot-kz) &= Al
E field expression: E(z,t): Eo-e( ) = Eo-e”
where: y=(wt-k2) is the phase; k wave number, constant.

Travelling wave acc. structures: E phase velocity = v,=cf3

Standing wave acc. structures: [— — i S
E(z,t) =Eo(z)-e

where: § is the phase as the particle enters the acc. structure
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eletfi Longitudinal partic

Energy gain of the particle

e motion [1]

AE = (7 - y)me’ =e- [ E(y)dz

The degree of acceleration depends of the phase y of the

field seen by the particle
Small oscillation:

Q2 =» synchrotron frequency; o, damping term

In a resonant cavity:

expanded about the synch. phase: y= ys+o

and the synch. frequency is now:

Ne: Moment compaction

gb+2asgb+§22g0:0

ac: moment compaction factor;
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dara  Beam parameters / effects measurable  «m
with longitudinal diagnostics

The charge

The bunch profile

ne bunch length

ne filling pattern / bunch purity
The S-band satellites (on LINACs)
ne synchronous phase

ne energy loss / turn

ne coherent synchrotron frequency
The longitudinal instabilities
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0 FERMI
glettra Longitudinal phase space [2] }
The longitudinal motion of the particles is represented by the

longitudinal phase space

The conjugated variables in longitudinal phase space are:
the particle momentum deviation: AE/E,

Ny =20000 -

the particle phase deviation: o, o

The longitudinal extension maybe
expressed in degrees (of the RF) i
or time units

The plot shows the result of
a simulation [2] where the particles
dump around the final equilibrium 2

AE/E (x109)
=

-1

phase space coordinate values / 1

On-eneray and nominal phase bunch S
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el Longitudinal phase space [2] FETP

With respect to the nominal bunch we may have:

- Dipole oscillations, excited by:
phase RF modulation
injection phase errors

- Quadrupole oscillations, excited by: 1
amplitude RF modulation

injection phase space mismatch

Ell AT AT X} ATAT
AEAE ALEAL 0 AE/F

~ /_,-" ':l[ll.']'_ LA po iod S

after 1.4 perind
ini / g : acted | hw/mi I after 1/4 period
injectecd bunch w. phase offser //" acted bunch w/mismatch I

-
"J

. energy affset

srared] heam

Illustration of bunch oscillations at injection | 2]:
a) Phase offset along with phase space mismatch
b) Energy offset with phase space mismatch

c) Phase space mismatch only
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dletir Longitudinal phase space [1] L

Due to the energy loss (/turn) as per synch. rad. emission and successive energy
recovery (RF fields) particles perform oscillations around the ideal momentum
and the synchronous phase:

sfp: stable fixed point
ufp: unstable fixed point

Particles perform incoherent phase oscillations around
The appearance is that of a steady state gaussian longitudinal distribution of the
particles which we call the bunch length
g C —_ ﬂ‘rf —_
— L= p=t_—¢
: t: 2 ho,,, 2
Separatrix

?: max phase
deviation

rf-bucket /’—“\
,-""‘-‘—__u-__-_
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eletir Longitudinal instabilities [3] FE'TP'

Focusing on bunched beams in e rings
Impedance = the interaction beam-boundary (vacuum chamber, cavities)
Wake-fields are acting back on the bunch that produced them

Collective effects (many particles in a single bunch)

Single traversal effects:
- change in particle distribution (bunch lengthening)
- potential well lengthening (inductive impedance)
- strong self fields and broadband impedance
- incoherent synchrotron frequency shift
Multi traversal effects:
- narrow band impedance (with memory)
- start even with low self fields
- energy loss, parasitic mode loss factor
Robinson instability
Synchrotron oscillations + narrow band cavity =» could lead to growing
amplitude of oscillations
Modulation of the revolution frequency
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el Longitudinal instabilities [3, 33] V"

Observation of beam spectrum provides useful information
Bunch with revolution frequency o,

Synchrotron frequency o,
At each revolution harmonics pw, there are sidebands:

- dipole: o= o,
- quadrupole: o,= 2,

- -
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i@ Current Transformer (CT) ;

The CT is a widely used non-destructive instrument sensing the
longitudinal profile of the bunch

Due to its limited bandwidth, typical in the 100s of MHz range, the CT
measures (integrating) the bunch charge

The CT is based on the transformer principle, being the primary circuit
the beam and

the windings on the magnetic
core the secondary

In order for the beam field to be sensed
outside the vacuum chamber, the CT is
located across a ceramic gap and conductir
shield assembly to close the wall current
out of the CT itself
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@ Current Transformer [4] -

CTs are available both for single pass machines (pulse transformer) and
for circular machine (PCT or DCCT)

Recently, Fast Current Transformer became available which go up to a
bandwidth of 1.75 GHz (200-ps risetime)

CT are also available in the space saving “in-flange” format

Integrating Current Transformer

Beam pulse J’|ou1dt=_:qj'|beamdt-<1°/o

l

10ns/div
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@ Fast Faraday Cup (F-FC)

The FC is typically a limited bandwidth device used
for the absolute bunch charge measurement

There are also so called 7fast FC which are not
meant for charge measurement, but rather to
obtain the longitudinal distribution of charges

A coaxial structure is therefore adopted
The BW is in the several GHz range
Typically used on LINACs (it's destructive)
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eletht Fast Faraday Cup [5] s S

Two different Fast FC have been
mounted on the Elettra 1Gev LINAC: Il
A coaxial Fast Faraday Cup adopts a S0QllSsiis = o et
SMA vacuum feed-through from Caburn i L

MDC Company (ref. SMAD, part number [5
9251001), welded to a CF16 flange

A strip-line FFC has been designed

by optimizing the electromagnetic-match
of the beam-target to the connecting
strip-line circuit

........

Coaxial FFC

CAS
S

Strip-line FC
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Fast Faraday Cup [5]

welettra
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Multi Bunch Linac macro pulse acquired with the
coaxial FFC and the Tek 5104 1GHz oscilloscope

HOR: 5ns/div, VERT: 5mV/div.

The 3GHz satellites are clearly visible on both

sides of the main bunches.
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Single Bunch acquisition, Coaxial FFC+Le Croy 8500
oscilloscope. HOR: RIS 200ps/div, VERT: 1V/div.
=3V three 3GHz satellites can be observed
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eletht Fast Faraday Cup [5] s S

The simulated (LabView)
waveform obtained by
summing three equal shifted
“single bunch waveforms”
matches very well with the
measured one with three

50 R TR 3GHZ satellites

Amplivude

Arfim hades

walug

@B Timebase -5 poll TriggerMorme)

TS W g -1'|':uj 1'50 200 260 300 Eﬁl:l -16!] 450
Measured waveform with 3 satellites Time

444720032 $:01:40 PM

The (main+3 shifted) waveforms shown
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datt  Elactro Magnetic (EM) pick up [6]

EM pick-ups (PUs) are used to obtain an electrical signal
whose temporal profile approximates the temporal profile of
the bunch

EM PU are used also to obtain the “centroid” of the bunch i.e.
to measure the phase of the bunch (typically w.r.t. the RF)

EM PU are non destructive devices

The ability to replicate the longitudinal bunch profile depends
on their bandwidth which may be as wide as several GHz

Broadly used EM PU on electron machines are:
Strip line monitor
Button pick-up
Wall current monitor
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dom The strip line monitor "

A/4 (quarter wavelength) monitor

Frequency response is periodic (for a L=15cm strip-line:
1st peak at 500MHz , 2" at 1.5GHz, ...
1st zero at 1GHz, 2" zero at 2GHz, ...

Measurement of a Single Bunch beam March 1994
Digitizer Tek SCD 5000 BW = 5.3 GHz
15 m. long cable BW,, = 3.5 GHz

At=1n5 (1scm X2) Yi=—4 509V £4=082 405ps V=3dmY
Ya=—14 _ 470Y te=1.2i2121ns Dt=229.717ps
S i el e i s i g Ll e
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4@ The button pick-up

Mostly used in St. Ring BPMs

Very large and pretty flay BW
(typ. 12.5GHz)

Non invasive to the beam

Picture of Elettra low gap
BPM fitted with 14mm
CAS buttons
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eletfi The no-button pick-up

For bunch phase information retrieval...

Bunch Arrival Monitor (BAM) P.U.

Four N-type vacuum feed-through
no button: antenna!

@ cAs  Courtesy of K. Hacker and H. Schlarb, DESY
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eletirt The no-button pick-up

BAM P.U. has been installed on Elettra LINAC

acquired with a 6GHz real time oscilloscope and <10m
wideband cable

Slope: |
M 80ps/450mV = ]
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o The no-button pick-up s

BAM signal (@10Hz) has been used as trigger for acquisition of
the 3GHz optical clock (after O/E conversion)

Fla | Edi | Werlica! | Hertzidrs | Tri | Disglay | Cursors | Messurs | | Wty | | Aralyze | ez | |ﬂ Tek q m
T ] I T 1 1 ] 1 T L] I ] ) T L ] T 1 L] 1 L] i ] ) T 1 L] ] L] L
[ amm 20.0mvidiv 500 : : ] [ wEm oy | |[anops 25008 1 sovmip |
m ',fﬂlhTi v mﬁ '} - : & [ ] . o Ll & L3 v P l .: " I. [l I L} ] _l+.
i 57 scqe  RL:t.OR 1
; suptirmh.rzi, W07 | 183120 [J
ms i I | B Ll - | L -
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@ Coaxial cables

Once the EM PU has “captured” the bunch profile (i.e. the
spectral content within the PU BW) this signal has to be
routed up to a measuring instrument, outside the tunnel

Dealing with 10s ps profiles (e LINAC or SR) the
transmission of the electrical signal from the EM PU to the
measuring instrument may be critical

To preserve a 50psq,um pulse, a short (L<5m) broadband
(z10GHz) coaxial cable has to be used

Microwave companies have cables that have acceptable
losses up to 50GHz

As a matter of fact, due to the intrinsic low-pass nature of
the cable, the spectral content of the pulse will be altered
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Coaxial cables & ...[7] FE'T;Q

Frequency response of 100m: pulse distorsion
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dams \vide band connectors S

There are several wide band co- Connector Type Frequency | Compatibility
ax connectors ranee

When designing a wide-band comecton | pe-2 e
measurement system, the choice SMC (Sub-Miniature C) | DC - 7 GHz

of suitable connector matched to APC - 7 (Amphenol
the cable (BW and diam.) is very Precision Connector7) | DC - 18 GHz
important not to spoil the Type N (Navy) 50 © DC - 18 GHz
resulting bandwidth SMA (Sub-Miniature A) | DC - 24 GHz | 3.5 mm, 2.92

] ] - mm, Wiltron K
For multi GHz application:

3.5 mm DC - 34 GHz SMA, 2.92 mm,
N-type 18GHz Wiltron K
SMA 24GHZ 2.92 mm or Wiltron K DC - 40 GHz SMA, 3.5 mm
Wiltron K 34Ghz 2.4 mm DC-50 GHz | 1.85 mm,
Wiltron V

Minimize the adapters (between
series), “T" etc. etc.

1.85 mm or Wiltron V DC - 65 GHz 2.4 mm

taken from: New Focus Application Note:
“Insights into High-Speed Detectors and High-Frequency

Techniques”
ms http://www.newfocus.com/products/documents/literature/Insights. pdf
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elefr ..and we see the light
(out of the tunnel)

It is more convenient to transport out of the tunnel
visible (A=200nm) radiation instead of an electrical
signal

A protected air pipe may be adopted for air
turbulence /dust protection

The length of the link can be of tens of meters

Optical component mechanical stability is not an
issue for ps pulses (AL=100mm = At_,=0.5ps)

For A<200nm the optical path need to be in
vacuum due to absorption of UV rad. (water line)
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¢ Photo-diodes (PD)

PD are semiconductor light sensors that generate a
current or voltage when the P-N junction in the
semiconductor is illuminated by light

The term photodiode usually refers to sensors used
to detect the intensity of light (vs. time or position)

Photodiodes can be classified by function and
construction as follows:

For this application they are particularly attractive as
the cable for the PD to the acquisition head can be
very short (L<0.5m)
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el

Photo-diodes

Fsﬁlnip
welettra

Main features of photodiode are:
excellent linearity with respect to incident light

low noise

wide spectral response
mechanically rugged
compact and lightweight
long life

p-diffusion/implontation
L]
Anfireflection

coaling i *-channel stopper

\\\.. \‘ —n-epitaxial
)

|
Metallization [AuSh)

High Speed with epitaxially grown active area

Monolithically integrated detector PD
and FET on InP (Trans Impedance

‘ CAS Amplifier)
@) .
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Zi
&L
/\I‘L /7/’\{;”
s, Baf {
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e Photo-diodes [8, 9] }

Hamamatsu, New Focus...offer a broad range of
PDs

New Focus: up to BW=45GHz
Choice criteria: .
'#n Mew Foous e
- wavelength EEORE 7 i 1 s it 7 sari o

i responSiVity DETECTORS
B ba ndWidth / area EHO0ULTE / CETEITRAE HIGH 8P EED DETECTIRE a3 RELENERS

- radiation coupling

lors
18.5-p2 Pl sk HIGH-5PEED OETECTORSE AMO FEECENERS SLPPLEMENTAL WFORMATION
1 2-ne: Shlncdsenio e
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FERMI

et Ultra wide band photo-diodes [10]

Ultra wide band PD have been developed at Fraunhofer Institute
The 100Gb/s Photodiode C05-W-26

. THE CENN &UCFLERATOR BUHITL

Ifd. Bf- Parameter Actual value
Nr. Module C05-W-26
1 O/E-power -3dB bandwidth (1.55um) 94 GHz (@ 1.7 mW)
calibrated (P, AC-level) @ +2V)
2 Photodiode responsivity (1.55um) 0.52 A/W
3 Polarisation dependent loss 0.8 dB @1.55 ym
4 Power linearity (1dB compression) Popt =+ 12.5dBm
5 Photodiode dark current( +2V) 1400 nA (in module @ Z5.6)
6 Optical return loss @ 1,55 um >25dB (?)
7 Optional: synthesised eye pattern 80/ 1 Lo-
1-4: Specs, (device: Warp80#252.5x20 BIASPDRL2 feld: 0 00 toasmmmpes
1.0-
Prof. Dr. Hans-Joachim Grallert 2.0
E-mail: Hans-Joachim.Grallert@hhi.fraunhofer.de ] ——— — —— ———— —C —
_4_0— - 1 1 1 1
§ so- — BW _;,5=94GHz
% -6.0
Fraunhofer, .. .
Institut 80 I N
Nachrichtentechnik 2.0- I A
Heinrich-Hertz-Institut 100
-11.0- 1 I
180, ] [ [ [ 1 l [ [ [ I ] I | |
‘ ms 5.0 0. 10.0 20,0 30.0 40.0 50.0 60.0 70,0 g0.0 90.0 100.0 110.0 120.0 130.0
= Frequency [GHz]
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et Ultra wide band photo-diodes [11] FER\TP

Test at ELETTRA: output from the Pico source 3GHz fiber laser to the
100GB/s Fraunhofer PD acquired with LeCroy 100GHz Wave Expert
sampling scope

trise=3-9PS

b

-
Mauner Pl adrac . PE- - - Pee s [ - - [
[o— LT R re—— " T - - " ... e P
s 5 © " FWHM=10.46
f fro. Min il S
- L - ran E —
dlim 5,‘- e r S iy 1289 8
i s A ram 1.TE"a3
— = < e ey | st o
m— 1 e — e e
rufn R e T e
1065 WS ®
Circi IIVINAT B UE 36 SM LeCroy 31080 SR
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el

S)

Ultra wide band photo-diodes [11]
3GHz optical pulse stream at 3HGHz

CAS

THE CENRN AUCFLERATOR BOHITL
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elethr Photo-diodes: s S
bending magnet (ID) diagnostic beam-line (T&L)

On a Storage Ring, you need first to extract the Synchrotron
radiation in

X-ray absorbing

Order tO vacuum mirror 512.2
measure | e
it, typically S /l\\
OUtS|de UV-enhanced
(meta-chrome)
the tunnel CCD camera
Elettra
Optical
Laboratory [9]

CAS
B o
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el Photo-diodes: FE“\“;S?'
bendlng magnet dlagnostlc beam-line [12]

Cooled coppr slit
To limit the S. Rad in
the hor. plane

Cooled GLIDCOP
extraction mirror;
acts also as a X-ray
absorber
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eletir Photo-diodes measurements FETQ'
at Elettra [12]

High speed Photo detector module: v1437 New Focus
Wide bandwidth device 25 GHz (Trise 14 ps)
Wavelength 400-1650 nm
Active area diameter 25 um
Conversion gain (G) 5 [V/W]
No amplifier needed due to high levels  180mV , @14.8mA Single Bunch
< 8mm > |
Translation stage
Photo-diode X-Y
grin lens
\* TEKTRONIX
hv
11_801 A
Sampling scope

BW=50GHz
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elefir Photo-diodes measurements at Elettra [12] FE'F\"P
| Single Bunch @1GeV

[=5.47mA @1GeV I;=0.5mA @1GeV

c=19.1ps c=12.5ps

i
-
| @ gk ]
3 v
< -3 r
| i
I

[ ]

[ Hug LML) | LEE
Ma:n

_ 2 2 _
Gmeasured N \/Gbeam T O-photo—diode o 1245 pS
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dara  Photo-diodes measurements at Elettra [12]"’“3"
comparison PD data vs. streak camera measurement

35

] | X Streak Camera data; o Photodiode data

25 ¢
20 b ! et éfﬁmf ............ ;MH ..................................................................... é ....................... N
15

10 bag®™ — l

12 14 16

I [mA]
v CAS
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welettra

FERMI
ddtt Fast Oscilloscopes (...from the last century) S

Since the early 80’s, the fast scope was the:
TEK7104, the “1GHz” scope (still in use)

The display of the CRT was
equipped with a MCP to enhance
the visibility of very fast signals

Unique in visualizing low occurrence
events in high frequency signals

Slow amplitude mod. on RF / 500MHz

CH1 CH2 main secondary
TDR time base

Fastest sweep 200ps/div
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ddi oot Oscilloscopes (...from the last century) {Vf;’

In early 90’s, the TEK SCD5000 was the state-of-art :

High-Speed Tran5|ent Dlgltlzer
BW=4.5GHz
trise=80pS

Later, from TEK, the 11800 series was providing up to 50GHz
(sampling)

11800 SERIES SELECTION GUIDE

Instrurnen t | Bandwidth | Maxirnum # of Sample Maxiurn Recard Wertical Drigitizing
Channels F.ate Length Resalution Technolagy

1is0ie 50 GHz hicy) 200 kSis gk S-Bits sequential

CSA 2028 50 GHz 4 200 kSis 5k 2-Bits aquivalent time
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dem Fast Oscilloscopes [google] S
Today, several ultra wide band oscilloscopes are available on
the market, reaching “incredible” BWs
“real time” (RT) and “sampling” (S) or Equivalent Time (ET)

RT one waveform / trigger event
S /ET multiple trigger events / waveform

The choice depends on:

the signal characteristics periodic / non periodic
electrical / optical
the type of analysis single shot / averaged
the required bandwidth: are 20GHz OK or need for 100GHz?

It remains good advice to use an oscilloscope that is 3-5 times
faster than the fastest signal to be measured

CAS
B o
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el Fast Oscilloscopes

The quality of the instrument comes from:

- analog input BW (magnitude flatness and phase
linearity)

- vertical deflection amplifiers

- time base stability
sets the limit for jitter measurements

- a flexible trigger
- friendly and effective User Interface (UI)

Rather than using the bandwidth banner
specification as a determination of measurement
accuracy, a better way of predicting the accuracy is
by looking at the oscilloscope’s magnitude flatness
and phase linearity
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Fast Oscilloscopes: LeCroy R
SDA18000: BW _,,z=18GH
» BW_34p z
SDA 18000 SDA 13000 SDA 11000 SDA 3000
18GHz/Ch 11 GHz/Ch & GHz/Ch 13 GHz/Ch 6 GHz/Ch 11 GHz/Ch & GHz/Ch 9 GHz/Ch b6 GHz/Ch
Vertical System Mode Made Mode Mode Mode Mode Mode Mode Mode
Analog Bandwidth @ 50 2 (-3 dB) [ 1B GHz 11 GHz & GHz 13 GHz & GHz 11 GHz B GHz 9 GHz 6 GHz
Rise Tirme (Typical, 10-90%) 27 p= ) 40 ps 76 ps 35 ps fhps EMOps 75 ps 49 ps 75 ps
Rize Tirme (Typical, 20-80%) 19 ps 28 ps 25 ps 2B ps
Input Channels 1 1 4,2 or 1 2or1 dor2 2or1 4or2 dor] dor2
Bandvadth Lirniters 20 MHz, 20 MHz, 20 MHz, 20 MHz,
Full BW onby 200 MHz, Full BW 200 MHz, Full BV 200 MHz, Full BV 200 MHz,
1GHz 3 GHz, anly 1GHz, 3 GHz, only 1GHz, 3 GHz, anly 1 GHz, 3 GHz,
4 GHz 4 GHz 4 4 GHz i 4 (GHz
Input Impedancs 50 Q +2.0% : : e
Input Coupling DC, GND
Maxirnum Input Voltage +4 Vpaak
Vartical Pesolution 8 bits; up to 11 bits with enhanced resolution (§
Sensitivity 2 =1 Vidiv 2 mv=1 Midw 2 mi-1
f 10 mVidiv (fully varisble, /1< 10 m|
through zoom) = |0 mVdiv  through
through zoom) [Zoem)
DC Gain Accuracy +1.5% of full scale
Offset Range 7RO il @ =760 my @ =750 i)
2mh- 2wy 2l
141 eVl 141 miidiv 1158 milig
w4\ @ V@ AVE |
141 =1 Widiv 185 milv=1 Videe 159 bl
Offset Accuracy +(1.5% of full scale +1.5% of offset value +2 mV

CAS
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d  Fast Oscilloscopes: LeCroy RT
SDA18000

timebase: <350fsg,s Jitter noise floor

Horizontal System

Timebasss | Internal timebase common to Internal timebase commen to 4 input channels
4 input channels; an axternal
100 MHz reference may be
“appliad on the rear panel

- 10 pafdiv-100 psfdiv 20 ps/div- 10 ps/div- 20 ps/div—  [10 psfdiv— | 20 psfdiv- 110 psfdiv— | 20 pa/div-

Time/Division Range, (standard memoryl 10 s/div 100 ps/div | 10s/div 100 ps/div | 10 s/div 100 ps/div | 10 s/div

Real Time 10 ps/div-500 ps/div {standarid {standard {standard
{-XL memory) ‘memary) {memory] mermory)

10 psidiv- 10 pafdiv- 10 pa/div—
BO0 ps/div B00 ps/div 500 psfdiv
4L memory) L msrmany XL mermony!
Time/Mivision Bange, Bandom MNIA to 20 ps/div A to 20 pa/div [INA to 20 pe/dny [RIA ta 20 psfdiv
Intedeava sarpling (R15) {upper time/ fupper time/ [epper tims/ | {upper tirme,/
div firnit div fimit div limnit div limit
function of Hfunection of function of funchon of
sample rate sample rate sample rate sample rate
and meamaory and memonry and memaory and memaory
length length lergth length
settings) settings] settings) settings)

Math and Zoocm Traces 8 independent zoom and 8 math or zoom traces

Sample Rate and +1 ppm, aging < 1 ppm{year @ 25°C

Delay Time Accuracy

Time Interval Accuracy = 0.068/5R + {1 ppm, aging < 1 ppmfyear * Reading) imns)

Jitter Moise Floor < 350 fs rms 1 psrms = B0 fsmms | A psrms =380 fsmsiTpsmms  =350fs s [T ps rms
‘measured with 35 ps [ {typicall ‘measured [ {typicall fmeasured | [typical) mmeasured  {typical)
rize time {typicall with 35 ps iwith 35 ps with 35 p=

rize fime rise time rise time
itypicall {typical) {typical)

Ingger and Interpolator Jitter < 2.5 ps ms {typicall

CAS
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. Fast Oscill : LeC S | .-
@ Fast Osci OSCopes. LeLroy sampliing
Timebase
Parameter Sequential With Coherent Timebase
(WE-CIS and WE-HCIS)
Sample Rate 1 MS/s 10 MS/s
Frequency Range DC to 5 GHz, using Trigger input 62.5 MHz-125 MHz, using Trigger input
5 GHz-14 GHz, using CLK/Prescale input 125 MHz-14 GHz, using CLK/Prescale input
up to 40 GHz, using SDA-TPS accessory up to 40 GHz, using SDA-TPS accessory
Pattern Lock M/A YES, up to PRBS23
Minirmurn Time Per Divisicn 1ps 1ps
Time Resclution 100 fs rms 100 fs rms
Timehbase Range 1 psfdiv to 1 ms/div 1 ps/div to 500 nsfdiv (4 M memory)
Timebase Delay Time Range 25 ns=10 ms +1 pattern
Time Interval Accuracy 1 ps £0.1% of reading Determined by trigger signal
Long Term Stability +5 ppm Determined by trigger signal
Maxirmurmn Record Length
Standard 100k samples 64 M samples 1 Ch, 16 M samples 4 Ch
Optional A 510 M/1 Ch, 256 M /2 Ch, 128 M /4 Ch
Jitter 1 ps typical, 1.2 ps guaranteed HCIS: 230 fs rms typical, 250 fs rms guaranteed
CIS: 500 fs rms typical, 600 fs rms guaranteed
(3 Gb/s—40 Gby/s)
STZUTZUGNZ] sE3uTau GHz) SE-50 (50 GHz)
2.82 mm 292 mm 24mm
18 ps 12 ps 8ps
20 GHz 30 GHz 50 GHz
2 \"Ip-p 2 Vp-p 2 Up-p

< 1% (800 mVp-p signal)

< 1% (800 mVpp signal]

< 1% (800 mVp-p signal)

First 40 ps: +10%, 40 ps-200 ps:
+h%, 200 ps-10ns £2%

First 40 ps: +10%, 40 ps-200 ps:

+h%, 200 ps-10 ns +2%

First 40 ps: £10%, 40 ps-200 ps:
+b%, 200 ps-10 s £2%

1 mV (max.)

700 pV max. (500 pV typical)

2V (max), 1 mV (typical

£V £V £V
SE-70 (70 GHz) SE-100 (100 GHz)

1.85 mm 1mm

bps 4 ps

70 GHz 100 GHz

2Vpp 2Vpp

< 1% (800 mVpp signal

< 1% (800 mVpp signall

First 40 ps: £10%, 40 ps-200 ps:
+5%, 200 ps=10 nz £2%

First 40 ps: +10%, 40 ps-200 ps:

+5%, 200 ps-10 ns +2%

3 mV {max.|

3 mV {max.)

Offset Range

1V

£V
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ddht  Fast Oscilloscopes: Tektronix RT -

DPO 70000 series: up to 20GHZ real time; 50GS/s samplers

Digital Phosphor Oscillscope

- Clever idea to emulate the “old” analogue oscilloscope to capture
low occurrence events on ultra fast signals

- Increased the transfer 55555270000 Series
rate from the acquisition
to the display memory

gg—____ l 1 | i

e o
Sl N F B F
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Fast Oscilloscopes: Tektronix RT
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= Vertical System

~

DPO/DSA Models 70404 TOe04 70804 71254 71604 72004
Input Charnals 4 4 4 4 4 4
Bandwidth 4 GHz 6 GHz 8 GH2 12.5 GHz 16 Ghz 2 setfings: 20 GHz
juser =alectable DSP enhance) and 18 GHz
Rise Time 10% 1o 90% (hypical) 93 ps 62 ps 47 ps M3 27.5 s 2258

Rise Time 20% to 80% (typical) BA ps 43ps 3Em 23ps 21ps 17 ps
Hardware Analog Bandwicth 3 dB) 4GHz & GHz 8 GHz 12.5 GHz 16 GHz ypical) 16 GHz fypical

DG Gain Accuracy
Bandwici Limits

Depending an insrument model; 19 GHz, 18 GHz, 17 GHz, 16 GHz, 15 GHz, 14 GHz, 13 GHz, 12 G4z, 17 GHz, 10 GHz,

+2% |of reading)

0 GHz, & GHz, 7 (3Hz, 6 GHz, & GHz, 4 GHz, 3 GHz, 2 GHz, 1 GHz or 500 MHz

&)

THE CENRN AUCFLERATOR BOHITL

Input Cestpling DG (50 ), GND
Input Imoedance 50 22 +£1.5%, 1 M with TCA-1MEG adaplar
Input Sensitivity
18 GHzand betow  [» Time Base System
20 GHz and 19 GHz
Vertical Besolidion DPO/DSA Models 70404 70604 70804 71254 71604 72004
Max Input Voltage, 50 < Time Base Hange 20 pa/div to 1000 s/div 10 peddiv o 1000 s/div
Time Resolution {in ETAT mode) 200 fs 100 fg
Time Base Defay Time Range 5.0ksto 1.0 ks
Channel-fo-channal Deskew Range £75 ng
Dielta Time Measuremeant Accuracy BEA s 645 fs 61105 80 f5 482 f5 525 f5
ftypical) Qver <100 ns duration;
single shot; with signal rise time
= 1.2X scope rise time
Trigger Jitter (BMS) 1 Py (tepical) with enhanced triggering OFF
< 100 f5pe with enhancad nggering ON
Jitter Moise Floor{iypical) 450 fs 450 1 450 fs 300 fs 300 fs 400 fs
{With B\W+ bandwidth enhance enablad)
Time Base Accuracy £1.5 ppm invlial acouracy, agng <1 ppm per year
CAS
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dat: Fast Oscill : Tektronix sampling “Z
das SCHIOSCOpPES. |eKronix sampling
DSA8200: up to 70GHz Trigger Sensitivity
} Ex_ter'nal Direct 50 m\, DC - 4 GHz (typical)
Trigger:Output 100 mY, DC - 3 GHz {guaranteed)
Trigger Level £1.0 v
Fange 3
Tskimnis |
Trigger Input
B[ afazs _ Range Sy
_,-:_.L__— . adjustable 5 ps to 100 ms in 0.5 ns
g _r'f"f_u_ Trigger Holdoff e
= b= - '; Etaboat Thaies TTL logic 1 enables gate, a TTL lagic 0
T hoglis Gate (0 tinr?.;gl} disables gate, maximum non-destruct
id :: = R input level £5 W
= Pre-scaled Trigger | 200 mi,_ to 800 mi,_, 2 to 12.5 GHz

Input {guaranteed)

Timebase Jitter

Phase System jitter of 200 fSRMS typical on a

R_eference*“ 10 GHz or faster acquisition module, with

Tirmebase f=g GHz, 0.6 W = WREF= 1.5 W Phase
Reference Signal.

Jitter: system jitter of 280 stMS typical
an a 10 GHz ar faster acquisition module,

poEq MElEsperformance s codiaa | S92 mm | 3020 GHat

lrfd-:ult*r'ur Jlil-hff [ fermale wiE in DSABZ00 mainframe, with 2 GHz = f =
ChagratigriZaticn
L e 8 GHz, 0.6 ¥ = VREF = 1.5 ¥ Phase
LFHBI:::.:.:I?I Reference Signal.
feCisi
High-speed adapher to 1 i
Ll SRR L S s . The Pha;e Reference tlmeba.se remains
Characterization included operational to 100 my (typical) with
l“"j;'-m-“; @ increased jitter,
teymantinn Short-term Jitter g00 fSRMS +5 ppm of position (trpical)
BOEQ4  TOR Impedancs 2 5040350 | 3.5 mm 50 GHeET Optimized
d rosstal fernal ’ "
ERArar b = Sequential Mode | 1.2 PSpyg +10 pprm of position (max.)
BOEDS ] o 2 S0 0.5 6 15 | T s
Chsraderzakion R | LR Locked to 10 MHz 1.6 pPSppg +0.04 ppm of position
BOEDR . Low-level Signals 2 S0 4050 | ALmm | e aqes? REfEFE-'I'I'_EE typical
femnale Sequential Mode sl —
NOEO1 High frequency, 1 G0 4056 | 24 mm 50 Gz 2.5 pspg +0.01 ppr of position {rnax.)
kigh maximum "\err_u_z. §
s i T Internal Clack adjustable from 25 to 200 kHz (drives

ms 292 mm TOR, internal clock output and
il calibrator),

THE CERN AUCFLERATOR BCHUIOL SMA
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I f- . 9OOOA . t 1 3 G H Honzewtal
n I n I u I I l . u p O Z Main timebase range 5 psddiv o 20 5/dw real-tme, § psddiv to S00 rs/div equvalent-tne
Main timebaze delay range =200 & to 200 = realtime, =25 p= o 200 = equivalent-time
Zoom tmebase range 1 pe/div to current main tme scale setting
Channal deskew + 25 WS range, 100 s rasolition
Tima acale accurasy” +{0.4 + 0.5 " ¥reSincelal) ppm pk
Dcita-time meagurement
accuranyd® 5.7
Absobute, 15,0+ Noize| 2 14, TimeSealedccy + Reading
averaging disabled v "ﬁemre_ e T sec pk
Absolute I"U,ﬂﬁ- * Narse|? ., TimeScaledccy « Reading
> 256 averagos N S | B0 ] sec ph
Standard dewiation, ERTEE G
averaging disehled ﬁ"-l" SJewﬁa:eJ ER R
Standard deviation, ,"EI 1+ Nipise)| M
»- 266 avermges d\' Tendinte] XA A0
Vertical
Input channels Four
Analog bandwidih 402548 ad404a S0ER1A S0804A 412048 H13094
-3dE)" 19 25 GHz 4 GHz E GHz BGH:z 12 GHz 13 GHz
DSP enhanced bandwidth® 913044; 13-GHz real-time, user-selectable D3P enhanced bandwidth
Rise tima/fall time"! 2544 984040 JaE0IA SIE04A 912048 H13044
10 - 90% 140 ps 105 ps 70 ps B ps 35 ps 32 ps
20 - §0% 105 ps 7% ps 5 ps 36 ps 26 ps 24 ps
Inpuet impedan ce 500, + 3%

»)

BEEBEE

tf

CAS
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Sensitivity!

1 m\/divio 1M/ div

Input coupling

1K

Wertical rezolution?

8 bits, = 12 bits with averaging
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demt  Fact Oscilloscopes: Agilent sampling

@&

DCA-J: up to 80GHz T 3w

Precision Time Base:
jitter on trigger <100fs

i . I.“-'. - \‘*--ur"i

A g et |

®0000 6
)
i

i =
=l & e O
= i T
TA S S el V. T g o
$-D
ELECTRICAL CHANNEL SPECIFICATIONS = o R - e = -
Electrical channel bandwidth 18 and 40 GHz 43 and 63 GHz 80,55 and 30 GHz 80(93), 55 and 30 GHz | e smams _?_ 3_ Tt @
Transition time (10% fo 90% 19.5ps (18 GHz) 8.1 ps (43 GHz) 6.4 ps (65 GHz) 6.4 ps (65 GHz) .':) = I:_'l\ ik i" -t a - = -
calculated from Tr = 0.35/BWV 9ps (40 GHz) 5.6ps (63 GHz) 4.4 ps (80 GHz) 4.4 ps (80 GHz) - - - 2 e
RMS noise
—— 025V (18 GHy 08l (43 6HJ !JTE::EEIIJII tlme base 86108A | | | | o
0.5mv(40 GHZ) ;l]mwgg GHZ} 18 E51004 can ba :n;qerejzrm_Jgh dnek racoizry of e ctae-'.e_u sigral, through an g-:tan'al refarencaclock i the precision imebass
saction o wilh 17e pracacn imebess aparstng or Ue clozk signal recered Inom the obeerved sgua. The lolkrrg speoloebiors indicale
tha 88100 syslem Umebasa spaci leatiers achieved when uarg the BE1UER plug-n modale | The 3B100 nsn’rame end Lha 261 02A mudile
Maximum 0.5my {18 GHZ] 0.9mV (43 GHZ) can akn betrggedwith a signal irsa she mardrama b this cenfoguraden, tha besic mandrama sapcficatons sre achieved
1.0V (40 GHy 25mv3cH) |
1084
Typical jitter (clock recosery and procision tinsebage configuration) <BlE
Iaxinm jitter |clock recovery and precision limebase conliguration) <k
Typical jitter {clock recowery without precision imebase active} <1 ps
Effective trigger-to-sample delay (clock recovery and precision timebase configuration, typical j < 200
Typical jitter (trigger sigmal applied to precision timebase input) A
Masitenim jitter [trigger signal supplied 16 precision tinebase nput] 100k
Precision timebase trigges bandwidth . | T 13EG6H:
Precision timebase extsrnal referunce amplituda [ 10018
Precision timebase input signal ype! | Sinasoid
Preclsioi Himebase i iim input lavel L0 602w
Pracision timelbase maximum DC offset laval | £200 i
Precision timebase input impedance | Bk
Precision timebase connector type Ab mm male
@‘ CA S Timehase resolution [with precision timehase active | 0 peii
Timebase resoluticn [pracision timebase disabled) 2 pafdy
A 28 May - 6 June 2008 Le Normont, Dourdan,France
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