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DAQ Architecture :: overall view

P BEAM \é EH @ RI/RO P KEK -
Detector Transport DAQ Broadcast
| evolutive, scalable and stable
sCVD diamond Amplifier copper ADC FPGA DAC
calculation
. algorithmics .
\ ' \ conversion conversion L
. \ R signal R ' AN copper T
| N XILINX — L
power (HV+12V) XC7vA485 ke[1..2500]
clock k user-selected
Beam > Environment
. control
LER x2 locations i @ data
+
HER x2 locations EE:?:PEet r copper - CELP.ICS
SERVER -base 1000BaseT ient
Ethernet copper R LAL
Remote desktop 1000BaseT supervisor
Small-angle Bhabha scattering signal from CVD digital DAQ, FPGA-based (Xilinx, Virtex-7) mixed digital/analog
CVD HV polarization . . .
Charge deposit in diamond is 12V amplifier Analog to digital conversion @1GSPS EPICS-based solution
collected by E field (HV) Sampling synchronized to RF clock TIL, BIL available each ms
signal is a pulse train .
. . . LAL supervisor controls the
@254 MHz maximum Sampling : peak value + baseline upervi
server
Luminosity = f(Bhabha number) Ltrain = sum of all bunch peaks / 1ms Lr_r EPICS users do not see the
. a front-end, LAL supervisor
Bhabha number= f(charge deposit) L
Lbunch,k =sum of bunch k peaks / 1ms Log kel1..2500] does.
Charge deposit = f(peak value) . . .
—_— Bunch index (k) from revolution (sync) server = interface
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Overall DAQ Architecture :: detailed
DETECTOR TRANSPORT DAQ Broadcast
wires
L Train Int ted Luminosit
HELIAX + double- CONV. ! | ALGO+CALC ! | CONV e v TreAn TIEETERed HHmInOs Y
@BEAM shielded pairs 165pS i FNAC i i FNC i 165Ps By Bunch Integrated Luminosity
common mode 16bits 1 VITAS57.1 ! — ! VITA57.1 1 16bits A LT
1 1 4 1 1 . .
CVvD AMP ) Power HV+12V : : VlRTEX@-'? : >|< : >. > monitoring
™ user(s
.4 signal A/PK : K oy MCTVEST ,  HPC o Lg, (=)
. . I\’\ A HPC FHG1761ACX1129 1 >*: 1 > €[1..2500] tests
cividec ! ' | DF2o7eOANdRe3-16 — ! >
1 ' 1 1
control data
[)l\(2 1000BaseT cencors Temperature, vibration, ..
use copper
RF clock (7, )0\ 10.6 MHz R ? ? ?
509 MHz i g ;_:
\\\i// pgggﬁgms :j‘ SATA2
BEAM RF — EPICS SERVER | 78D  B=VVASLOhg Lo/ 88)(c .
| 10.06 us disk2 ,<a SATA2 DELL T5610 (RaspberryPi,..) e Ethernet connexion
revolutioRin 1 data [ —H* FMC : FPGA Mezzanine Card (VITA 57.1)
: - > ~—data EPICS 1000BaseT 1000BaseT A/D : Analog to Digital
bunchM @/ % copper copper D/A : Digital to Analog
» IP@ IP@

©

KEK-JAPAN

KEK Network v

IP@

BEAUTY

Control System Studio (CSS)

Archiving

NAS
Network Attached

Storage

LAL supervisor
Remote Desktop

Operator Interface

: Boy

EPICS
CLient

EPICS
ClLient

EPICS
CLient
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e The accelerator RF Clock
frequency is F_RF = 508.887
MHz

e The ring round-trip
period T_RT is 5120
times the RF Clock
period

eThe collision frequency is
F RF / 2 : F_COLL = 254.443
MHz

e The phase between RF
Clock and collision
bunches is called B_PHASE

e The collision bunches
stop at tick 2500 for beam
recovery constraint
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SuperKEKB Timing :: RF chronograms

e 3.6A

h; — IP (Belle IT)
.‘ E— t\; .
. > e 2.6A ‘\

Cring (m) | 3016.315 O
RF tick (MHz) | 508.887 1 [ |
RF period (ns) | 1.965 k 7

Tround-trip | o 061 \W
(us)

Collisions

2559 2560 1 2 3 4 5 6 7 8 9 10 11 12

T_RF =1.965ns |gGEREE:R:1:yA\ 1aF4

Revolution period

: 5“}%: 6”101 23 45 10 15 20 \»997': \th: u‘ﬁ%: hqg%(‘)ooo : 5°°7': Sooh: Soob 5‘0%: 5’&01 ‘)’Q: ‘?&h: ‘9&6: ‘)A’«'%: ‘3“”;01
89‘3 Lo bgq‘: bgg’( 0P (_)oo‘f (_)00’5 5005 c;,o% > e g&a Sy«,’l 8“"’9
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} T_RT =5120x T_RF =10.06134 Us }

T_COLL=3.93 ns [E<e]ARCPTIWNLY Y| 4

56

AT

2496 2497 2498 2499 2500 2501 2502 2503

< 't_EVENTS = 2500 x T_COLL = 9.82 ps] ><&

Space charge reset
t_RECOV =120x T_RF = 235.8 ns—>}|

2554 2555 2556 2557 2558 2559 2560 1 2

B¢ LB PHASE|

@ > o o5 80 81 @@ w9 e en o g g g8 (5. K2
[ t
I I
|
2500 bunches spaced by 3.93ns during 9.82 us 9t

97.65%
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e We use the REVOLUTION
signal as a synchronisation
to Bunch 1

e We integrate the events
over T_INT = 1ms (100
trains)

e The total number of

events ober 1ms is N_EVENTS
= 250.103 B

Train Integrated Luminosity (TIL)

Integration of all bunches over ams =100 trains

250 ksamples in 1ms

Fast Luminosity Monitoring - DAQ Presentation & Status

100

L(Bk éBi,k

Bunch Integrated Luminosity (BIL)

Integration of one bunch amoung 2500 over ams =100 trains

100 samples in 1ms : 100 ksamples in 1 s

Ly L
100(13 1 100@ 2
%8B, B

i2

!

k : bunch index, from 1 to 2500
i : group index (train)

L

n 100@ 2499 100@ 2500
i/n 77777777777 218 112499 i=1 B i/2500
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SuperKEKB Timing :: TIL, BIL
Synchro Revolutl iod
| T_RT =5120x T_RF=10.06134 s | evolution perio
| IR
Space charge reset g  B_PHASE|
Bunches < }t_EVENTS: 2500Xx T_COLL = 9.82 ps} ! t_RECOV =120x T_RF = 235.8 ns—>
@ 82 8 Bk 85 80 ] 83 B9 @O eﬂ/ e o g’ g / / @ e
I [ 12
‘ 2500 bunches spaced by 3.93ns during 9.82 us ‘ / <t
/\\4;§unches . /\\4l:unches
B2500 G | T_INT =100 Trains =100 x T_RT = 1.0061 ms |
Trains
T2 Ts + Tg E T6 + T7 E T8  T9 "I'gz | To3 E To4 E 95 E To6 E To7 E To98 E To99 E Tioo | T2 T2
|
| 5 5 5 O 5 5 5 |
<>
10.06134 S B
1,j€[1..2500] B > , 100,j €[1..2500]
2,j€[1..2500 train number bunch number
J €[1..2500] \E"j )
100 2500 . . 2500
L yypg I bunch index L _ z
T 4T ij i : group index (Train) (I' - £ L@
=1

k
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TIL, BIL

columns = bunches

2 3 4 5 6 7 9 10 2497 2498 499 2500
B 1,1 B 1,2 B 1,3 B 1,4 B 1,5 B 1,6 B 1,7 B 2,9 B 1,10 B 1,2497 B 1,2498 B 1,2499 B 1,2500
71 4 4an A 4An An 4an An An 71y AR A AR
1/ w w W W w w w w W w W w
2 B 2,1 B 2,2 B 2,3 B 2,4 B 2,5 B 2,6 B 27 B 2,9 B 2,10 B 2,2497 B 2,2498 B 2,2499 B 2,2500
AR 713 A 7T 7T An 4an An An 713 ’'Ty An AR
A1/ W w W . w w W w . W W w
3 B 2,1 B 2,2 B 2, B 2, B B 3,6 B B B 3,10 B 2.2 B 2,2498 B , 2 B 3,.2500
718 4 an a a an a’ a’ an an’ an i an
- . L[4 . . . . - s 12 - - . s 12
v 4 B 4,1 B 4,2 B 4,3 B 44 B 45 B ,6 B 4,7 B 49 B 4,10 B 4,2497 B 4,2498 4,2499 B 4,2500
713 A 1Y A A A A An An 713 'y A AN
cC 1/ W w . . w w W W . W . w
©
Fo 5 B 51 B 5,2 B 5,3 B 5,4 B 55 B ,6 B 5,7 B 5,10 B 5,2497 B 5,2498 B 5,2499 B 5,2500
) 713 4R 1Y A An Ty 4 Ty 71y r'y 4an AR
I w w w w w w w w w w w
; An Aan Aan Aan 1Y 1Y An An An Aan An
o 1/ w w W W w w W W W w
-
97 B 97,2 B 97,2 B 97,3 B 97,4 B 97,5 B 97,6 97,9 97,20 B 97,2497 B 97,2498 B 97,2499 B 97,2500
71 7' T Aan 7T 7T 1Y V'Y 7'y 'y 7T 4An
1/ w w w. W w w W w w. w
98 B 98,1 B 98,2 B 983 B 98,4 B 98,5 B 98,6 B 98,9 B 98,10 B 98,2497 B 98,2498 B 98,2499 B 98,2500
7T A A 7T 7T 1Y An 7Ty An 7T An
1/ w w . . w w W w . w
99 B 99,1 B 99,2 99,3 B 99,4 B 99,5 B 99,6 99,9 B 99,10 B 99,2497 B 99,2498 B 99,2499 B 99,2500
7’ A T 7T 7T T an 7Ty Ty 'Y An
1/ w w . . w w W w . w
B 100,1 B 100,2 B 100,3 B 100,4 B 100,5 B 100,6 B 9 B 100,10 B 100,2497 B 100,2498 B 100,2499 B 100,2500

N N N 2 2 2

Lo, @Lp, DLy, BLy, ®Lp PLp, B L, LB Ly B L, B BLg,, , BLsp, PL3,, ., PLs,,,

2500 BIL

\J

\J

\J

\J

\J

1x Train Integrated Luminosity (TIL) + 2500x Bunch Integrated Luminosity (BIL) = 2501 sums
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Measurement Principle

KEK LAL
RF clock ADC

PhaseAdjust
509 MHz —>@ [ 2035.55 Mz —> T
J =1017.77 MSP

10.6 MHz Sampling Freq. is half the PLL clock

| "_DIVIDER . 0
TYEENCZEF TN ) Pl
- 5 v 53 KEK-. -y X192
Fig. 1 : RF Clock in EH@RO (2014.03.23) 508.887 MHz 10.6 MHz 2035.55 MHz 1017.77 MHz 1017.77 MHz
PHASE=0 24 B_PHASE|
X4 Bunch Phase
 a B_PHASE| e o B_PHASE Space charge reset -
Bunches < 't_EVENTS = 2500 x T_COLL = 9.82 ps/ ><——t_RECOV =120x T_RF = 235.8 ns———>
[F_COLL =254.443 MHz {\ o o 5
@ 82 . ©3 Bk 85 86 81 8% 89 g0 giv  ed e g guid® / / @ o2
t
/ I I
SAMPLING . ‘_hadusted to sample the peak I —
1017.77 MHz B_PHASE| 0.98ns B_PHASE
- T‘ 1017.77 MSPS
L IIIIIIIIIIIIIIIIIIIIIIIII/ IIIIIIIIIIIIIIIIIIIIIIIIIIIIII/ /IIII||||||||||||||||||||||||| IITTINEN
1\ = agens |«

%
—~

1017.77 MHz /t _.Io.98 nslq— —>‘ 3.93ns f—
t t t t ot ot ottt t ottt

We assume B_ PHASE is constant within the Integrat|on t|me (ams)

1017.77 MHz ‘
46_PHASE |t 1 ﬁ t 1 1 i || ¢
PEAK PEAK PEAK
o basellnewi ; baseline W | baseline
mm 5 ummy 3 dumm@ ¢
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EPICS / analog outputs

Time Slot ams

\/%bunches - \/%bunches

B2500, \ T_INT =100 Trains =100 x T_RT = 1.0061 ms \ B2500,

Trains H

Tioof T2 i T2 E T3 E T4 E Ts E T6 E T7 E T8 E T9’ "I'92 | To3 E To4 E 95 E To6 E To7 E To8 E Tg9g E Tico | T1 T2

[ 4 ! |

1 T | 1 | e

B ] j K 10.06134 Pis B ] j
1,j€[1..2500] B 2, 6[1..2500}*“*~~\1_\\: train number\\g /debunCh number 100, €[1..2500]
Time Slots
/ TSl | T52 | | | Tsn | 1.0061mMs
NN - N 111 L l t
-

TIL ? epics | Values are stamped
Lol b0 0 0 0 WSs=g | [ 1 T

BIL & EPICS

ﬁ@k__llllllf“lllllllllllbt

—

Latency =f(ADC,
FPGA,EPICS,...)

-5

TIL
ANALOG
L, A AN N T e (N
t
- Latency =f(ADC,
BIL FPGA,DAC,...)
s ANALOG _ _
Bk ] -  — S B
>t
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4U crate (w/ cooling fans)

VCyo7
FMCa126

FMC2o04
power supply

19" rackable

Fast Luminosity Monitoring - DAQ Presentation & Status
Installation in EH

(2]

NAS

KEK NETWORK

FREQ in
FRE to be defined
TYPE 2-V3 5
SYNC EN 10.6 MHz TBD
RF CLOCK RF Synthetiser
Oscilloscope

up to 3 inputs

from CVD
Heli
eliax : tUcrate 2
: FPGA-ADC-DAC
TRIGGE6R/ SYNC EPICS outputs
10.001 S i
1 34H %= sUDELL”
‘ 610
Power supplies
Active Cooling :

with Air
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Installation @KEK/TSUKUBA

———————————————————————————————————— LER HER
BELLE-II
sCVDI AMP - sCVDI AMPI

, EH®@RI/RO

/ 2channels . 2 channels

I rack I
C1-C2 C3 Cy FPGA+AD/DA FPGA+AD/DA
I 1000Base-T, copper vor 8 DELL Te610
o Helio s 1x Heliax ¥5 — | Rackable (horizontal)
Charge Amplifier output 7o ©P1e7 Power supplies DELL T5610 + SFP tr
5610 + 0 Network
+100-400V : Diamond sensor CVD
6aci +12V: Charge Amplifier
F O' 25 In -.

Heliax LDF4-50A Dimensions

Nominal Size 1/2 in

Cable Weight o.15 Ib/ft | 0.22 kg/m

Diameter Over Dielectric 12.954 mm | 0.510 in
Diameter Over Jacket 15.875 mm | 0.625 in

2 (3xCVD + POWER) = 11 cm?

This picture is just an example

2 (HER+LER) = 22 cm?2 PHIL @LAL

2014.07.03

Forone side
:
EH@RI
EH@RO b G sy .
cividec SMA-BNC BNC-N P 1 s ;
o TR ...E@ '
T . COAX HELIAX 3 o
SMA-N LDF4-50A 5 | e R
or . :
- ELLE-II
. ANDREW. Spare cable ? @
_
| COAXHELIAX | 1, ‘ ]
i LDF4-50A i "
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Hardware ADC/FPGA/DAC Details

- FPGA Board : VC707 XILINX, Virtex 7 XC7V485T

ANSI/VITA 57.1

2 VITA 57.1 (FMC) slots, HPC count :'.-'.-'Fl\/lq

- A/D Board : FMC126 4DSP
4x (3x) 1.25 GSPS 10 bits

“DSP

2 ¥iI Ig 3}

- D/A Board : FMC204 4DSP
4x 1 GSPS 16 bits

Config A

FMC126

& 4x 1.25GSPS
i 10-bit A/D

b8 2x 1GSPS
8. 16-bit D/A

& XILINX.

VvC707

Config B — Best config is
DAC/HPC1  ADC/HPC2
FMC204

H 4x 1GSPS
i 16-bit D/A

W 2x 1.75Gsps
b 10Dit A/D

iy 3x 1.25GSPS
it 10-bit A/D

FMC126

.
S g
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DAQ Status @LAL

- VC707 + FMC126 have been integrated in the DAQ crate, FMC204 integration in progress

- First A/D acquisition is achieved successfully
NOTA : Crate design may change for KEK installation
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DAQ Status @LAL

7 SuperKEKB configuration
Step 1 : FMC126 alone D Step 2 : FMC204 alone D Step 3 : FMC126 and FMC204

FMC204 i FMC204
-l GSPS
4x 1GSPS ¥ iglb DA

16-bit D/A

=% FMC126
| 3x1.25GSPS

3x1.25GSPS
\ 10-bit A/D

10-bit A/D
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DAQ Status @LAL

— Calibrated Train, peak sampling, bypass

pattern |arbitrary M » 0O-scope
—> Wavefor‘m > 5GSPS
generator

server

disk2
data

burst acquisition @4ns, 2.5k bunches
bypass

ADC :
FPGA :
samples saved to disk
post-analysis

histogram, noise, jitter,...

— Calibrated Train, peak sampling, TIL Luminosity

Fast Luminosity Monitoring - DAQ Presentation & Status
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:: next plan

— Calibrated Train, peak sampling, sum over 10us

pattern |arbitrary M » O-scope
— anE'FOr‘m > 5GSPS
gener‘ator‘ clock

HPC1 HPC2

VC707 e

server

burst acquisition @4ns, 2.5k bunches
sum of 2500 bunches (10us)

ADC :
FPGA :
samples + sum saved to disk

post-analysis
histogram, noise, jitter,...

— Calibrated Train, peak sampling, BIL Luminosity

pattern | arbitrary MU » O-scope pattern | arbitrary MU » O-scope
waveform > 5GSPS — waveform > 5GSPS
generator  clock ‘ generator  clock ‘
3 3
4 HPC1 HPC2 4 HPC1 HPC2
server 2 server 2
§ VC707 SATA2 § VC707
disk2 disk2
data data —J «--_
— ~

burst acquisition @4ns, 2.5M bunches
sums of 2.5M bunches (1ms)

ADC :
FPGA :
samples + sums saved to disk
post-analysis

histogram, noise, jitter, TIL luminosity...

ADC : burst acquisition @4ns, 2.5M bunches
FPGA : sums of selected bunch, 100 times (1ms)
samples + sums saved to disk
post-analysis

histogram, noise, jitter, BIL luminosity...
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DAQ Status @LAL :: next plan

— Calibrated Train, peak sampling, bypass

I8 upload to DAC MU 0-scope
B ~oc 5GSPS
storing

roS TS
)/ serven

[p—— <

disk2 SATA2
data ~— -——o

ADC : burst acquisition @4ns, 2.5k bunches
FPGA : bypass

samples saved to disk
post-analysis by comparison
histogram, noise, jitter,...

1@00BaseT

— Calibrated Train, peak sampling, TIL Luminosity

Il upload to DAC NN
[ 2 file

storing

0-scope
5GSPS

rTIoS
) server

——— - ~
disk2 SATA2
data « ==

3 AN ]

S _———-

1Q00BaseT

ADC : burst acquisition @4ns, 2.5M bunches
FPGA : sums of 2.5M bunches (1ms)

samples + sums saved to disk

post-analysis

histogram, noise, jitter, TIL luminosity...

— Calibrated Train, peak sampling, sum over 10us

Il upload to DAC M
HE ~oc

storing

0-scope
5GSPS

- -

- ——

. <
). server

—_——— ~
disk2 SATA2
data €« - =

3 Se 1

S —— -

1@00BaseT

ADC : burst acquisition @4ns, 2.5k bunches
FPGA : sum of 2500 bunches (10us)
samples + sum saved to disk
post-analysis by comparison
histogram, noise, jitter,...

— Calibrated Train, peak sampling, BIL Luminosity

Fl upload to DAC N
E ~oc

storing

0-scope
5GSPS

- -

TS
)7 servenr

———— ~
disk2 SATA2
data « -~

3 \\ 1

S ———-

1@00BaseT

ADC : burst acquisition @4ns, 2.5M bunches
FPGA : sums of selected bunch, 100 times (1ms)
samples + sums saved to disk

post-analysis

histogram, noise, jitter, BIL luminosity...
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SuperKEKB / BELLE-II
DAQ Status @LAL :: next plan

KEK LAL
TS RF clock ADC PhaseAdjust
J =1017. 77 MSPS
10.6 MHz Sampling Freq. is half the PLL clock

SYNC EN

SN 8 ) APLL
2 KEK-.-y X192 ADC .
508.887 MHz 10.6 MHz 2035.55 MHz 1017.77 MHz 1017.77 MHz
PHASE=0 il B_PHASE
X 4 Bunch Phase
— KEK RF 10.6 MHz only — KEK RF 10.6 MHz + LAL RF synthetiser
simulates RF
10.6 MHz 2035.55 MHz

10.6 MHz

Synthetlser ‘ Synthetlser' simulates RF Synthetlser' ‘

server

disk2 SATA2
data

The ADC is sampling at 2035M/2 = 1017 MSPS

server

1000BaseT

1000BaseT

disk2
data

The ADC is synchronised with the 10.6 MHz
The internal PLL generates the 1017 MSPS
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Jan
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2015-2016 Plan (preliminary)

20154

Dec Jan
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yo)
"€
20164 Z“Zh7 J“/V

LAL

KEK

DAQ development

DAQ tested
External 10MHz
External 1017.8MHz
TIL, BIL

Server tested

what should

preparation work
RF signals specs
Full path cabling
(beam/EH)

CVD location
EPICS specs

Installation
DAQ Crate in EH

6@;'«,066% Cabling beam
3¢ Cabling @RI/RO
X0 A\ CVD installation
et RF clock sync

EPICS integration
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backup :: slides :: detector + amp
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Parameters:

Substrate material: sCVD diamond

Substrate size: 4.5mm x 4.5 mm x 0.5 mm
Electrode size: 4 mmx 4 mm

Electrode material: Gold

Detector capacitance: 3 pF

Bias voltage: 400V

cividec

Instrumentation

sCVD Diamond De* \0
\ oot

—.®

Ser.N QUL

Parameters:
Current amplifier

1MHz - 2 GHz
20dB
1 MGy
Input coupling: AC coupled (with 1 Ma for DG blas)
Input impedance: 500
Input protection: IECE1000-4-2 (+8 kV, 2 Afor 1 ps)
Input polarity: Bipolar
Qutput polarity: Inverting, bipolar
Linear output voltage range: 1V
Output impedance: 500
FMS output noise: 350 pv

 civideq a0

Instrumes’

Broadbanr! © \ L alier
N\ our
X * z/20dB
2\
er: C10051 +12v

Fast Luminosity Monitoring - DAQ Presentation & Status

Detector ::

CIVIDEC catalog

Parameters: Parameters:
Substrate material: pCVD diamond Substrate material: ~ sCVD dlamond
Substrate size: 10 mm x 10 mm x 0.5 mm Substrate size: 4.5mm x 4.5 mm x 0.14 mm
Electrode size: 8mmx8mm Electrode material:  Gold
Electrode material: ~ Gold Electrode size: 4mmx 4 mm
Detector capacitance: 8 pF Aperture: 1 mm diameter (optional 3 mm)
Blas voitage: 500V Detector capacitance 6 pF
Blas voltage: 100V

cividec

Instrumentation

PCVD Diamond Detector

—’— ouT

500pM 140Mm

S A A e e

Current amplifier

Parameters:

Type: Charge amplifier

AC coupled

lont -2Ghe IEC61000-4-2 (+8 KV, 2 Afor 1 pig)
Gy 4 Negative, unipolar
Input coupling: AC coupled Oulpetpolanty e postive
it Fmpecknoe: 500 Linear output voltage: +1V
Output impedance: 500
Input protection: [ETTUEOD-2 250 [ 2 1 1 Impulse response:
Input polarity: Bipolar Pulse shape: Gaussian
Output polarity: Non-inverting, bipolar Rise time: i
Linear cutput voltage range: ES Ry Pulse width at FHWM:
Output impedance: 500 Performance (4.3 pF load):
BMS output nolse: 2.5mV (3.5 dB) ENG noise: 1000 electrons
Galn: 4 mv/AC
———— SNR: 6/1C

bt

Instrumentation

Broadband Diamond Amplifier

2 GHz / 40 dB

-..-...;-,g,... Dlamoé \ka,e

core™™ 85

| & Number: CBHVO051

19 / 17

Parameters:
Substrate material:
Substrate size:

pCVD diamond (with low charge efficiency)

5 mm diameter NEW

Substrate thickness: 100 pm
Electrode material: Gold

Electrode size: 3 mm diameter
Blas voltage: 200V

100pM

Parameters:

Type: AC-DC splitter
AC bandwith: 4 GHz

DC bandwith: 1 Hz

AC coupling: 1.5nF/ 1000V
DC coupling: 100 kQ

cividec oc

Instrumentation

et v > W

AC-DC Splitter
AC

5
e

4 GHz

SerNo.: D10024

r—r——
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C6 Charge Amp Gain

C6 Fast Charge Amplifier

Parameters:
700,0
Type: Charge amplifier
Input coupling: AC coupled
Input protection; IECE1000-4-2 (£8 KV, 2 A for 1 g)
‘ Input polarity: Negative, unipolar ‘
) ) Output polartty: Inverting, positive
B1 Single-Crystal Diamond Detector | Linear output voltage: +1v \ 600,0
Parameters: Output impedance: 500
Substrate material:  sCVD diamond Impuilse response:
Puiss shape: Gaussian
Substrate size: 4.5 mm x 4.5 mm x 0.5 mm
Rise time: 3.5ns
Electrode size: 4mmx 4 mm Puise width at FHWM: 10ns 500,0
Electrode material: Gold Performance (4.3 pF load): !
Detector capacitance: 3 pF ENC nolse: 1000 electrons
Bias Voltaw! 400V Galn: 4 mV/AC
SNR: 6/1C
o 400,0
i e =
cividec ; g
Instrumentation + o
: Instrumentation o
sCVD Diamond Detector g Diamond Charge Amplifier 5
—’— ouT | > >5> " —> &
! CcsA1 g' 300,0
f { <
Ser.No.: B10041 B 1 | Serlal Number: GEHVOOS51 CG +12V | :'?J\
2
U
[Xo)
Y 200,0
For1 MIP: GainC6 :
Np = 36 e-h pairs/um are created Gcg = 4 mV/fC 100,0
Charge for 1 MIP, 1um :
Qg =36.1.6021019=5.77aC
0,0

Charge for 1 MIP, 500pum :
Qg = 500.5.77 1018 = 2.88 fC

N
7

MIP

Consistent with Dima’s simulation, expected < 20 MIP
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C6 Amp Measurements
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1
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iiv10.8000ns _J| 10k points

1
10.0ns 5.0005/5
wi+=10.8000ns {10k points

I

7 208mV
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C6 Amp Measurements

T T 1T ""'III\\\\i\llllllllll\\\\l}!
+ datai !

y=12%-7 — linear
500 khem0.0080E s Ak £ 35) | T quadratic ||

thabha_events = k1 Q,, — Q,=deposit charge
Q = k2 An — A, =area :
A = k3 Vn — V = peak voltage Py

n

n

N bhabha_events — kl kz k3 V

e The (k3) gain is constant for a given FDHM

PAK OUT (mV)
w
%
b3
T

200~

40 T T T ) T T T T T T

m_ EERRRRRREREE Peak OUt_ F(Area In) _

n
P
g
o
w© |-

10 1112 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 4[] 41 42 43 44 45
ARE IN (oWs)
T T T
+ datat
v =31"%+11 linear
0 ly =-024% + 36" - 15 ———  quadratic
[y = 0.0024%% - 032 + 37 - 16|| ——  cubic
650

B ADC FMC126 ((\Q\Q/
. < 0OO '. : A :

s

FDHM;, =10.4 ns

GAIN PEAK OUT vs FOHM INPUT (m\/ns)

PEAK OUT (mV)
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