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SaseFelPhotonDiagnostics The Detector

e lonisation Chamber

« Detection of ions and electrons

* lons calibrated with CW beam (slow)

* Electrons fast but susceptible to secondary electrons
and magnetic fields
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SaseFelPnhoton Diagnostics
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SaseFelPhotonDiagnostics lon Current Measurement

faraday cup Integrator

1=30s, one pole

Keithley electromete

Problems:
e susceptible to Petra ramping

o disturbed by nearby switched 230V loads
« tendence to self resonance at 0.2 Hz

Solutions:

« ferromagnetic plate under Keithley
o 230V separation transformer

« ferrite beads and software damping
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SaseFelPhotonDiagnostics lon Current Measurement

faraday cup

« 3 pole filter for faster response

e true active integrator

e independent on incoming charge pulse shape
e no problems with Petra or nearby loads

drawback: only two conversion factors available

avallable Mai 2006
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SaseFelPhotonDiagnostics lon Current Measurement

faraday cup | preamp

differential amplifier
* high input impedance
e output impedance matched to ADC input

preventing ground loop noise

* high impedance to ground at LF (shield and
signal conductor)

e no gain at HF (impedance to ground rather low)
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SaseFelPhotonDiagnostics Electron Pulse Measurement

electrode coupling Integrator
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SaseFelPhotonDiagnostics Electron Pulse Measurement

electrode

coupling Integrator

SHV flange — |mpedance match
connector
measured.:
CﬁIZIEi1
i 3)‘% { ) EE [''r 0.045
=8 25 o C=% 55Q FRL 0.76
i=0 G=D
=37 Tn L=210n
EH=1 T LEM = 30
" none | one way | both ways
IR -0.2 0 0
[ 0.2 0.33 0
g (r 0.8 0.67 0.42
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SaseFelPhotonDiagnostics Electron Pulse Measurement

electrode |

coupling Integrator

measured values:

bandwidth 280 MHz (g = 2)
frequency response unlinear
gain dependent on charge
charge error 420 ppm/°C

timing jitter 20 ps/°C - preamp fequency response
risetime 0.56 ns \ T
input I' = 0.29 - .

logarithmic
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SaseFelPhotonDiagnostics Electron Pulse Measurement

electrode coupling Integrator

different kinds of
observed gain errors : s

number of identical pulses

gain [mV/nVs]
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SaseFelPhotonDiagnostics Electron Pulse Measurement

electrode coupling Integrator

two gain setting possibilities:
e preamp gain

e integrator time constant
combined a factor of 50
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preamp gains is prefered
because it reduces the noise
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SaseFelPhotonDiagnostics Electron Pulse Measurement

electrode | coupling Integrator ADC

The VME crate induces noise of about 3 nVS pp
An aluminum foild shield reduces this to 1 nVS pp

outside inside inside, shielded
I .
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SaseFelPhotonDiagnostics Electron Pulse Measurement

electrode | coupling Integrator ADC

All channels pick up noise from the card's own digital
timing part — some are better, some are worse — but the
pickup level for each channel is the same in all cards.
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SaseFelPhotonDiagnostics Electron Pulse Measurement

coupling Integrator

poor I" of input: 0.29

input capacitance

pcb design weaknesses: of preamp

jumper in signal path "

3

impedance of trace not 50 Q input protection

: : . diodes
distance termination to long trace
ampllfler_ too ang termination on pcb
cheap diodes in input resistor
amplifier capacitance not \
_compensated @% 1 mm_z

—

-0
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SaseFelPhotonDiagnostics Electron Pulse Measurement

electrode | coupling Integrator

I31a Is

['sI'4 = 0.023 @0ons)
['3'2 = 0.028 @ons)
 IT'1 =0 (2 ns)

['sI'2=0.020 310ns)

\ 4

A 4

> I3 = 0.040 (12 ns)
Reflection has a long round RS S
o . . o
trip time and might fall into | o
the next's pulse integration | P H
window. - Wﬂwmmwmwﬁw
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SaseFelPhotonDiagnostics Electron Pulse Measurement

electrode | coupling preamp Integrator

Typical pulse charge 1 nVs, this equals ImVps
Offset of 1ImV has the same integral

 DC coupled signal path
e Integration window width as small as possible

tELroy vl TTF2. FEL/FEL.ADC/GMD . BDA/CHO1.TD =5

| T0.25

st 111(y 114111 ety et S - -0.37

gl | L oty oty

| -0.4¢
il 4

pep N
660. 680. 700.
Res= 1,Buf=15
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SaseFelPhotonDiagnostics Electron Pulse Measurement

electrode | coupling preamp Integrator

Short reset pulse mode: 900 ns integration
Long reset pulse mode: 30 ns integration

Changing the timing circuitry to allow 160 ns integration:
Based on LRP mode (needs other IC) with bigger capacitor
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SaseFelPhotonDiagnostics Electron Pulse Measurement

electrode | coupling integrator

The signal's ringing prevents successful ADC, so we
Introduced a low pass filter after the integrator to get rid of
the ringing on the integrator's output signal.
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SaseFelPhotonDiagnostics Electron Pulse Measurement

electrode

coupling Integrator

Placement and schematics
of the damping capacitor

120 500
RIE R15 L7
ADBL3 a D [R5 — out
1 nF T ﬂ TH=3001
= =

560
AL |
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SaseFelPhotonDiagnostics Electron Pulse Measurement

coupling Integrator

machine timer

timing jitter extent

e 2.5 psrelative to input

« 2 ps for each daisy chain

* 0.46 ps for each ns of delay
e 160 ps pulse width

e 160 ps pulse distance

Jitter adds: for a 1 us delayed pulse ~ 0.66 ns
- No problem for integrator usage
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SaseFelPhotonDiagnostics Electron Pulse Measurement

ADC

electrode |

coupling Integrator

characteristics (1V range):

e resolution 14 bit > ENOB 12.2 bit > 12 bit measured
e 0.43 bhit/°C

e acquisition time 45 ns typ (20 ns sample and hold)

next card removed ADC heated 1500 - noise ¢ = 1 bit (0.14 mV)

TTF2.FEL/FEL.ADC/GMD . EDAZCHO4 . CALC 1600 -
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SaseFelPnhoton Diagnostics

Measured Data

Homogeneity of the intensity .
signal measured by PTB at ¢
Bessy 2
e ion current independent of s
horizontal and mostly of vertikal
position of the beam
sharp signal decrease if it leaves
the measuring apertue
e ion current measurement 5
unsusceptible to secondary °
electrons £
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SaseFelPhotonDiagnostics Measured Data

Calibration of the beam 3
position monitor by PTB at 2
Bessy §
5 :
* measures the center of the beam N
» position signal independent on R 2%, §
intensity £ T =
E‘ o ) RAAPPLLITPYICYPSLH sevss .....o.
g) -1+ ...::::0.00.0....!
21 4
10: —t—————
" Geutaton (o= 07)
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c
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s _
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Beam position x / mm

TTF/VUV-FEL meeting, 21. Mar 06



SaseFeIPhotonDiagnostics Measured Data

ion signal

First position measurements

left electrode

{position)
I \

E / electron signal
: / (posion) | glecrorsonal
o
c
o
) right electrode

— Moved the device by 0.5 mm

IL) / I(R)

200 m idive 200 m' iy S0 .0e-3idiv
-800.0 mY ofst -800.0 mY ofst 5.00 =/div

imebase 0.0 =| | Trigger
{u] 5.00 =rdiv
250 kS S.0kSr=
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SaseFelPnhoton Diagnostics

The MCP preamp

measured values:

e rise time 6.3 ns

e pbandwidth ~80 MHz

e gainl4

* Nno impedance match to
75 QQ SHV cable

Extreme ringing expected.
Signal seems to be smooth
due to the low pass charac-
teristic of the amplifier.

The MCP Signal Path

MCP amp

\
|
Zamw

c2 &,
Measure P:area(C3) P2:area(C2) P3:1op(C3) P4:top(C2) P5:rise(C2) P& fall(C2)
value 2.0216507 nV's 2.860010nVs 80.88mv 1171 mv 6.332ns G.424ns
mean 2.021994027 nVs 2.85946217 nVs 80.8317 mv 1115954 mV 6.27012ns 6.236652ns
min 2.01498961 n\V's 2.853873nVs 80.06 mv 109.43 mV 5.545ns 5464 ns
max 2.0232220nVs 2.865009nVs 80.93mv 11221 mv 6.422ns 6.523 ns
sdev 1.098511 pVs 1.28048 pVs 1014 pv 3554 v 16228 ps 188.61 ps
num 107 107 107 107 107 107
status L v 4 L v
intg(C3] [F4 intg(C2)
10.0 nsidiv] Stop 12.0 mV|
1.00 kS 10 GS/s|Edge  Positive|

T
| N

i = e

Measure P:area(C3) P2:area(C2) P3:1top(C3) P4:top(C2) P5rise(C2) P&fall(C2)
valug 13584216 nVs 13.532109 nVs 5420mv 533.01mVv 2.034ns 2171ns
mean 1.357763712nVs 1353190453 nVs 541788 mv 5331718 m\V 2.02857ns 216671ns
min 1.3548873 nVs 13.526224 nVs 53.90mv 53217 mv 1.991ns 2.036ns
max 1.3584583 nVs 13.542586 nVs 5433 mv 53499 mv 2.058 ns 2190 ns
sdev 489.1521Vs 2.25445pVs 70.8 uv 7313V 1599 ps 2519 ps
num 105 105 105 105 105 105
status L L4 4 L d
intg(C3] [F4 inta(C2)
20.0 mVidiv| 10.0 nsidiv|

-60.00mV| 1.00 kS 10 GSis|Edge  Posilivel

105 #
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SaseFelPhotonDiagnostics The Extended GMD

Extended GMD Version for Ultra-short X-ray Pulses

RRE ;gmrqu1
T ST

-Ubot tm V UM .

NONNN\ | electron multiplier

Measurement at SPPS:

LeCroy
Keithley 617 oscilloscope

ln 200MmiC3]
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