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Bandwidth and Time Constant

Boundary condition: Signal s(t) with a first-order frequency spectrum H(f) (PT1).

s(l)=so~(1—e_i) H(f)
So
t \ f
T fg
1
Time constant: o 2z f
g g
Example: fy7=1GHz > 7=159ps
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Bandwidth and Rise Time

Boundary condition: Signal s(t) with a first-order frequency spectrum H(f) (PT1).
s(l)=so~(1—e_i) H(f)
90%
10% t \ f
tr fg
;o 0.35
Rie time: rTF
g
Example: fy7=1GHz > t,=350ps
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Broadband Systems

Boundary condition: Signal s(t) with lower and upper cut-off frequencies.
s(t) H(f)
t, 7 fi fq
Formula: fj ... lower cut-off frequency, f, ... upper cut-off frequency
t, ... rise time, ;... fall time constant
Example: f;=1GHz > t,=350ps
fi=1MHz >  7;=160ns

E. Griesmayer
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Detector + Amplifier



SChematiCS Instrumentation
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BOde diagram Instrumentation
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Amplifier bandwidth



Bandwidth = 100 MHz
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Bandwidth = 300 MHz

- MicroSim Probe - [Amp_Timing.dat] -
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Bandwidth = 1 GHz
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Lcwer CUt-Off Instrumentation
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TCT Step CIMrIumemg io(n:
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TCT 5 nS pUIse Instrumentation
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TCT pulse Instfrumentation
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Upper cut-off CIMIUQD 2C
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TCT Instrumentation
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Time constant

Stationary value /.
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Detector capacitance



File Edit Trace Plot View Tools Window Help T T [=[=][x]
= A S e e N o ey W LA R S W b K i R B o il o Y e e S
1|lﬂl.lT -------------------------- i
Detector
1nu—§
Amplifier 1 MHz — 1 GHz
1.0u-§
1“0“';- -------------------------- P mm e —— L i B kbt B B it
10KHZ 100KHz 1.06HHz 16HHzZ 100HHz 1.0GHz 10GHZ
o ¢ v U{ue) ] 58ux U{ua)/ U{ue)
Frequency

¥ :.Q\ [| [ I - ] T
| I} C:\Eigene_Da... Y | % 0900766b80c... || [7% MicroSim De... ;% MicroSim M... | f% MicroSim Sc... || #§ PSpiceAD [ B Rechner [ B Microsoft Po... A me ol g

Torino Workshop, 16.5.2018 © CIVIDEC Instrumentation 22



Step response for Cdetzcj'gﬂg@o@

W

Eile Edit Trace Plot View Tools Window Help =t Probe - [Amp g.dat] ml?]m
slsla| ¢(mle] el (@] mElsels| izl mlulrlvllsl] 2]
SQUY ~----—---— -

" 100M

1
1
!
1
!
1
!
1
!
i
10uu-
1
!
1
1
!
1
!
1
!
1
!
1

2 I
s | I} C:\Eigene_Datei... ‘[ % | MicroSim Desi... | £ MicroSim Mess... [ %, MicroSim Sche... || #&§ PSpiceAD .., MicroSim Prob... [ %, Foxit Reader X Microsoft Pow... | ~ [ .l 5@ x 17:13

Torino Workshop, 16.5.2018 © CIVIDEC Instrumentation 23



Step response for C,.,=10 pF
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Time resolution



Time resolution

Time resolution dt /
Noise n /
| !

!

Rise time T

Amplitude A
dt/n=T/A SNR=A/n
T lution: dt=
Ime resolution: SNR
26
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Noise considerations



Noise considerations
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Noise in mV

Noise spectrum
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Parasitic effects
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IndUCtance Instrumentation
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I m pEda nce m ismatC% Instrumentation
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I m pEda nce m ismatC% Instrumentation
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Detector signal CIM!UQ” o
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Measurements



C2 Amplifier

Instrumentation

Broadband Diamond Amplifier
>>>
2GHz /40 dB

Serial Number: C2HV0081

Torino Workshop, 16.5.2018 © CIVIDEC Instrumentation
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C2 (1M - 2G)

R:;

Tred dB Mag 5dB/ Ref5dB

2 1 MHz

0.7 GHz

—-25

—-30

—-35

1E6
1

1E7
1

1E9
I

Ch1 Start 100 kHz

Date: 28.0CT.2011 16:30:006

Torino Workshop, 16.5.2018

Pwr -10dBm

© CIVIDEC Instrumentation

Stop 3GHz
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LHC Beam Loss

File Yertical Trigger Display Cursors Measure Math  Ana Utilities Help

Fast component

500 ps / \ Slow component

F

Measure P1:5dev(C3) P2rise(F3)  P3width{F3) P4:fall(F3) P&:max(F3) P&:max{F2) P7:(P5IPB) P8:areaiF3)
value 4.9my 36 ps 172.64 mv -96 pv -1.8073e+3

mean 5123 my 316.28 ps --- 1726428 mVY -955 pv  -1.807309e+3

min 4.6 mv 3B ps 172,64 mY -96 pv -1.8073e+3

max 6.0 mv 36 ps 172,64 m¥ -96 pv -1.8073e+3

sdey 206 pv

num 703 1 0 0 1

status v v FY i v

5.00 mY
Positive

TELEDYNE LECROY 10/26/2016 8:45:13 AM
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Torino Workshop, 16.5.2018

C2-TCT Amplifier

Instrumentation

Diamond TCT Amplifier _
TP, 55> ——
2GHz /40 dB

Serial Number: C2TCT0033

© CIVIDEC Instrumentation
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1 kHz

&>
Tre1

C2 TCT (1k - 2G)

dB Mag 5dB/ Ref5dB

821

1E6
1

1E7
1

1E9
I

Ch1

Date:

Start 100 kHz

28.0CT.2011 16:30:36

Torino Workshop, 16.5.2018

Pwr -10dBm

© CIVIDEC Instrumentation

Stop 3GHz
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TCT measurements

LeCroy! LeCroy|

N

i =50 us ‘ | | T
c2 [\ ¥ T u c2 N

I i

1 >

- »
c3 i cs
Measure 3) P3:rise(C2) P4:rise(C3) PS:delay(C3) P6:rms(C3) P7:--- P8:- - - Measure P1:ampl(C2) P2:ampl(C3) P3:rise(C2) P4:rise(C3) PS:delay(C3) PE:rms(C3) P7i--- Pgi- - -
value 46 7547 mY 454 ps 616 ps value 45614 my 74622mv 444 ps 610 ps
mean 46.27687 mY 75.4694 my 45442 ps 61623 ps mean 4561355 mY 7462206 my 44430 ps < 61002 ps
min 46.277 mv 7547 myv 454 ps B16ps min 45614 mY 74622 mY 444 ps «B10ps
max 46277 mv 7547 mY 454 ps 616 ps max 45614 mY 74622mv 444 ps <610ps
sdev - - - - sdev - - - -
num 1 1 1 1 nu 1 1 1 1

1
F3 J
Y
Measure P1l:sdev(C3)  P2itise(F3) P3fallF3)  P4max{F3) P&--- PB--- P7:--- P8:--- Measure P1:sdev(C3)  PZrise(F3) P3fallf3)  Pamax(F3)  PSmax(F2) PB:(P4IPS) P7:--- Pg:---
value 323mv -~ 1.0055591 ms 98.49 mvy value 19 mv 4.927 ns 681.9mY 49.65 my 1373
status v ® )4 v status v & v v v
imebase -804
0
106 30

TELEDYNE LECROY 5/31/2016 11:19:36 AM TELEDYNE LECROY 513112016 11:48:48 AM
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Electron Pulses

— 1401
> C  MEASUREMENT // electrons 1.00 V/gm
E 120 [ 0.80 V/um
‘;‘ [ 0.60 V/um
- —0.40 Vi/um
%1) 100 ~ 0.30 V/ium
. — 0.20 V/um
g 80 - 0.18 V/um
- P 0.16 Vium
60 - ‘/ *L : —0.14 V/um
40 :_ —0.12 Vium
20F %
O —— 1 o ek
-20 -10 0 10 20 30 40
Time [ns]

E. Griesmayer

TU Wien, Schnelle Messsignalverarbeitung
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Timing Amplifier CIVIdeC

Instrumentation

Timing Amplifier

>>>
2GHz /40 dB

Serial Number: C2T0021
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C2 Timing (30M- 2G)

Tred dB Mag 20dB/ Ref-40dB  Cal Smo 1
-
— 40
- 2|o| 30 MHz 2 GHz
1 |0| M\
iy /
I /
— -40 ’
|| %
—'-60 /'
i )
1(|)0|
B /
] q
- 120
|| 700000 1£6 1ee 169
Ch1 Start 30 kHz Pwr -10 dBm Stop 3 GHz

Date: 13.NOV.2017 18:55:16

Torino Workshop, 16.5.2018 © CIVIDEC Instrumentation
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Summary

* Timing needs dedicated amplifier designs
* Needs matching to detector
* Needs careful detector design



Thank you for the attention!
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