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Introduction B

Tasks:
0 Generate PMT signals and analyse the UUB high and low gain signals

0 Receive and monitor PMT voltage signals associated with the slow control

Concept:
0 High speed DAC which allows to generate arbitrary pulse shapes

Test system runs with minimal lab infrastructure. Prerequisites:
0 Monitor
0 Mouse

0 Keyboard
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Design concept W™

: Test system A : :
: Ingie-poara computer Power card :
. Control test t n
: ontrol test system e :
' USB DAQ Quad-Core Processor T .
: (Scientific Linux) : :
' Measure/ loop back |~ Micro controller :
' PMT voltages '
' Test control, GUI (LabView) :
; Analog lIO :
: e a B 6 channel :
‘ . S S DAC card ;
5 ‘ Generate Landau E
' : - pulses '
' g UUB data —9
' : HV command, - Lur ;
. S————————————— : I ZYNQ (PetaLinux "
' HV monitor ' Q( ) :
' ! ;
L ! E ]
1
' UUB under test
— Power '
e USB / serial
) ZYNQ (PetaLinux)
-------------- Analog signals :
----- Ethernet Landau pulse
DAQ: Data acquisition OO - Analog front end + """"""""""""""""""""""""" '
DAC: Digital-to-anolog
converter
LUT: Lookup table
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. " UNIVERSITAT
Main menu
main.vi Front Panel on version6.00.lvproj/My Computer o X
File Edit View Project Operate Tools ‘Window Help H T Hm
path to the parameters.ini
g, homelgaderfsoftwarelversions_00Asbviewparameters.ini ' = !
Long running test gpt LT PVT
loop Pulse forms:
116 S0mY40ns  B0OmY40ns

S0mY200ns  800mY200ns

versions_00 Ivproi/My Computer | 4 |

[
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Start GUI
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e Bl e Pt poie Toss Vindow Fiob
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otk

Here are the steps:

1- Connect the Testsystem

as explained in the user manual
2- Choose the user

3- Click "OK" to continue

UUB TEST Main Menu

Run all
tests

UUB's serial number(hex):

UUB's SN

01_start_GULvi

Here are the steps:

1- Connect the Testsystem

as explained in the user manual
2- Choose the user

3- Click "OK" to continue.

UUB TEST Main Menu

UUB's serial number (hex):

aclen50160000

Run all
tests

The start GUI briefly instructs the user how to run the tests
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Test system - single pulse test (SPT) ol s

A typical pulse shape verification Theoretical Pulse
Test System Output (UUB Input): o UUBData
= P ] Fit on UUB Data
* I—andau Shaped pU|Se, 9200 :— ------ | ---------------------------- ---------------------------- | —-—-- Superimpose P9sition
defined by a lookup table 800E= it N SO SCaG s
= P Sigma 10.260x 0.006
UuB Output: 01 ] T . SR ————— ] Pedestal 102.81
> - P : : ] Amplitude 828.78
* Read out by test system E 600F ' : : - '
and automatically compared S 500
with original test system output § 400
300
200
Pulse forms: 1004

Amplitude FWHM

(mV) (ns)
50 40 S’gZZZZZZZZIZZZﬁZZZZZZZZiﬁjgﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁifﬁﬁﬁfﬁ}ﬁZZZZI;ZZZIZZZﬁZZZZZZZZIZZZﬁZZZZZZZ;ZIZZﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁiﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ; ’
= 00 82 S I I | % reouuson
50 200

Residuals /mV
N
o
|
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SPT GUI sl

SF 1 _LULVI - =

File Ecit View Project Operate Tools Window Help GUI

» [@n] [o]

R
analyzing the dara |

failed

800mvV40ns

o
o
chS
chB
ch7

“Ii’ - PVT
chg

50mV40ns

start again
‘I' T o details | QUIT
800mvV200ns

@)

50mV200ns

The GUI indicates the SPT test result with LEDs
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Detail GUI
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Back

show result directory

Chi Ch2 ‘ Ch3 | Ch4 | ChS | Ché | Ch7 | Ch8 | cha | chio |

Results for channel 2]

Channel was analyzed = TRUE
AmpMeanDeviat_Rel = TRUE
AmpStdMax_mv = TRUE
Channel not saturated = TRUE
Found pulses = TRUE
GainRatioDeviat_Fel = TRUE
NoBitError = TRUE
NoiseP2P_mV = TRUE
NoiseSD_mV = TRUE
PackagesOk = TRUE
PedestalDeviat_Abs_m\/ = TRUE
Single PulsesOk = TRUE
‘WidthMeanDeviat_Rel = TRUE

CHANNEL RESULT = TRUE

Chi ‘ Ch3 | chs | ch7 | chs | Ch9 |

Results for channel 1]

Channel was analyzed = TRUE
AmpMeanDeviat_Rel = TRUE
AmpStdMax_mV = TRUE
Channel not saturated = TRUE
Found pulses = TRUE

E

MoBitError = TRU
NoiseP2P_mV = TRUE
NoiseSD_mV = TRUE

Packages Ok = TRUE
PedestalDeviat_abs_mV = TRUE
SinglePulses Ok = TRUE
‘WidthMeanDeviat_Rel = TRUE

CHAMMNEL RESULT = TRUE

noise_p2p [2]

fuwhm [2]

50mV40ns

Chi | ch2 | ch3 | ch4 ChS ‘ Ché | Ch7 | ch8 | Cha | cChio |

Results for channel 5]

Channel was analyzed = TRUE
AmpMeanDeviat_Rel = TRUE
AmpStdMax_mv = TRUE
Channel not saturated = TRUE
Found pulses = TRUE
GainRatioDeviat_Rel = TRUE
NoBitError = TRUE
NoiseP2P_mV = TRUE
NoiseSD_mV = TRUE
PackagesOk = TRUE
PedestalDeviat_aAbs_mV = TRUE
SinglePulsesOk = TRUE
‘WidthMeanDeviat_Rel = TRUE

CHANNEL RESULT = TRUE

800mV40ns

Chi | ch3 | chs | ch7 Chs l cha |

. Results for channel 8]
amp [2]
Channel was analyzed = TRUE
AmpMeanDeviat_Fel LSE
AmpStdMax_mV = TRUE

Channel not saturated = TRUE
Found pulses = TRUE

MNoBitError = TRUE
MoiseP2P_mV = TRUE
NoiseSD_m¥ = FALSE

Packages Ol RUE
PedestalDeviat_abs_mV = FALSE
SinglePulsesOk = TRUE
‘WicthheanDeviat_Fel = TRUE

CHANNEL RESULT = FALSE

“noise_p2p (2]

amp 2

50mV200ns

800mV200ns

ODetail GUI provides the user with spider plots

OAll details are stored on the hard drive, that could be accessed during the test or late
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PMT voltage test (PVT) N P

03_PVT_GULvi = o b
File Edit “iew Project Operate Tools Window Help PYT
S [@n [?]| su1
instructions =
PMT 1 PMT 2 done
Base Voltage Base Voltage Final PMT result
_ ’ fa}
ﬁ ﬁ r) | /-
1000
PMT3 PMT 4 SO 500 f-
Base Voltage Base Voltage 0 \?00(
x

e e o O

500 1000 1500
Ay

rt A
PMT 3 | show details |

500 1000 1500
"]

. \200(
'
\

PMT 4

500 1000 1500 Q U I T

0 5 \anoc
5 -
N\ .

PVT tests the PMT base voltages and PMT high voltage command and high voltage
monitor pins of the UUB PMT connectors

C
) C

C

start next test cycle
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Some measurements .
with an UUB version 2 (Grenoble)

OThe version 2 UUB was tested with the Siegen test system in Grenoble

OThe UUB had a problem with clock fanout
— some ADC channels missing some times, difficulty with booting FPGA

OLong running Single pulse tests (12 hours in a row), each 100 times, were
performed on the UUB

OThe pulses were Landau pulses of the following forms:

Amplitude (mV) FWHM (ns)

800 40
50 40
800 200
50 200
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SO e CO pa SO S "UNIVERSITAT
between V1 & V2 UUBs e
GrenobleUUB
Entries 13333 [ ] [ ]
- Mean 0.3251
e Preliminary
-5 Underflow 0
-2 Overflow 0
6001 £ SiegenUUB .
= E Entries 13333 S]egen UUB: V1
C M 0.3493
500 StaDev 001518 Grenoble UUB: V2
C Underflow 0
400:_ Overflow 0
soof—
2003—
- . Siegen UUB
100 . . . .
: eenabevus | Distribution of the pulse amplitudes
A RRER R e 1600
8.2 0.5FWIS - 36 < ST e
noise/m ) .
. <
1200 g:::f:g\?vw c:
- SiegenUUB
1000 Entries 22364
~ Mean 54.32
C Std Dev 0.2511
800 — Underflow 0
- Overflow 0
600—
400 :— Siegen UUB
200—
- Grenoble UUB
G iy T D
%o 52 56 58

fit amplitude/mV
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Test results (Preliminary)"

Distribution
Ch1

Fit amp/mV
FWHM/ns
Noise rms/mV

Distribution
Ch1
Fit amp/mV
FWHM/ns
Noise rms/mV
Ch2
Fit amp/mV
FWHM/ns
Noise rms/mV

The measurement suggests that the pulse overshooting problem has been suppressed

Input pulse: 800 mV 40 ns
Grenoble UUB (22368)

Mean RMS
829 0,24
41,3 0,024
0,32 0,018

Input pulse: 50 mV 40 ns
Grenoble UUB (22368)

Mean std
51,9 0,24
40,3 0,37
0,32 0,016
1656 3
40,3 0,11
5,1 0,7

Siegen UUB (22388 pulses)

Mean RMS

875,7 0,52

38,36 0,045
0,35 0,017

Siegen UUB (53490 pulses)

Mean std
54,3 0,25
38.1 0,29
0,35 0,015
1687 3,3
38,16 0,12
5,4 0,43
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Summary iz

o The test system performs the following tests:

o Generate PMT signals for all 3 PMTs and the small PMTs
and SSD, and analyse the UUB high and low gain signals
for each PMT

o Generate wide range power supply voltages for the UUB

o Receive and analyse PMT high voltage control and
monitoring signals of the UUB

(For more detail, refer to WP5-SIEGEN-01A document)

0 One test system is in Grenoble
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Outlook e

OAn amplifier card has been produced to generate up to 8 V pulse
amplitudes for SSD channel

OTest system is in the mass production phase:
* 4 test systems have been assembled
« 2 more test system will be assembled by the end of this year

OThe test system will be commissioned first in German labs (KIT/
Wuppertal)
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Backup slides i
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Distributions sl

Measured pulse amplitude distribution for 800mV40ns pulses

c - T—
Q - Entries 51855
g 2000— Mean 846.6
E - Std Dev  0.1503
© 1800[—
** u
1600—
1400
1200
1000F- Distribution of the measured time differences
800F between consecutive pulses
C B Entries 53940
600— B Mean 1.002e+04
~ I Std Dev 0.07263
400F- 1000
200(— B
u 800—
0 846 8462 8464 8466 846.8 847  847.2 B
fit amplitude/mV 600|—
400—
200—
19015I st 1IOOI15.I5 st I10(|)16 10016.I5 bt I10(|)17I bt 1IOOI17.I5 bt I10018

time difference/ns
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UUB pedestal comparison®#™

800
600
400
200

2200— ¢ SiegenUUB
- Entries 13333
2000 — _8 Mean 99.81
= Std Dev  0.09907
1800 :_ GCJ Underflow 0
1600 — ** Overflow 0
— GrenobleUUB
1400 — Entries 13333
— Mean 107.4
1200 — Std Dev 0.1727
: Underflow 0
1000 = Overflow 0

e S

—
o
o
—
o
(6)]
—
—
o

115
Pedestal /mV
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Test system - DAC noise ol s

Several thousand two-peak-structure pulses with a width of 10 ns have been analyzed

Peak voltage: 60 mV Peak voltage: 1800 mV

60 4.8 0.8
28 4.7

Universitat Siegen - PRR - Siegen May 2017 19



Test system - DAC temperature stability ol s

Variation of the pulse shape at various temperatures (17°C, 27°C and 37°C)

— a variation of the amplitudes of less than 0.5% per 10 °C
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Test system - DAC linearity ol s

Linearity
ouput voltage
05 - inear fit
>
~ 4l
J8
1.5
0 1 2 3 4 & 6 7 B 9 10 11 12 13 14 16 16 17 18 18 20 21
sample
residuals
002 -
5 001 Il
2| annnnlflinls _
Sl | L b =
@ .00

002/ -

1 2 3 4 5 6 7 B 9 “0 11 12 13 14 15 6 17 18 1§ 20

sample

Output pulse is linear within 15 mV over the full dynamic range.
— Further improvement can be obtained by tuning the input LUT
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Bit test method 1 ol s

Bit test algorithm (method 1):
«Select UUB pulses in a fixed window of 40 samples
«Create a bit number distribution histogram for each pulse
 Analyse the distribution in order to identify bit errors

60000

?""gho’r

50000

40000

l

30000

20000

.

10000

i dead

4 6 8 10
bit number

ol-
N
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Bit test method 2 ol s

Bit test algorithm (method 2):
» Align the corrupted pulse with the input Landau pulse

e Measure the residuals between the two pulses in mV Residuals
o Interpret the residuals in bit number 8. onderfon 0
. @ E Overflow 0

An example of a bit test 6]
E 8005— " test results: 0=okay, 1=hot, 2=dead i
- = ¥ bit number 0 state 0 14—
O 700F- bit number 1 state 0 -
& a bit number 2 state 0 -
S 600 bit number 3  state 0 121~
> = Jrd2S my bit number 4  state 0 -
500:_ * bit number 5 state 0 o
C : bit number 6 state 0 i
- : bit number 7 state 0 -
400 i X bit number 8 state 1 sl
- x bit number 9 state 0 -
300 ' -
2005_ Landau pulse 6~
- d pul -
100:_ ] ) . * * measured putse AL
Oéx * } TRy o XXX -
: 1 1 | | | | | | | | 1 | 1 1 | 1 | | 1 | | 1 | | | | 2—_
0 50 100 150 200 250 r

The algorithm is able to intermittent bit errors HOT
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