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How does the test system work?
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CS-Studio and python

4
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Test PC

Application

layer

trigger_enable = \
get_pv(“PXD:H1021:trg _en:S:set”)

trigger_enable.put(1)

link_status_pv = \

link_ok = link_status_pv.get()

if not link_ok:
print (“DHP link 1 is down”)

Hardware ?

Module

ASIC

ASICs registers
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get_pv(“PXD:H1021:dhpl_channel_up:S:cur”)

get_pv(DHP, “idac_tx_bias:VALUE:set”).put(200)
get_pv(DHP, “globalrs:trg:set”).put(1)

High speed
data link

Python scripts / CS-Studio

PXD:H1021
[=[EEJE] oHP Channel Up

[~ DHP Voltage ON
[7 DHP PLL locked
[E]oHE Channel Up ]
[Z DHC PLL locked .

| GTX Synchronized 2
! Enable

trigger
TLU Settings
Max bits 16 Eli
TS2TUDEL 0 Eli
TS2TADEL 0 Eli
Clock slow down factor 5 EI:
Use BUSY from script 1
Statistics
. DHP data counter 4.78442E7
DHP frame counter 730
DHP data rate 0Bps
/. Trigger counter 730
Trigger rate 0
Missing triggers (4]
Missing trigger rate 4]

DHP digital core
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Config Busy: [l Status: [T | reset  configure
Kill Framere
Short RST f Config

Long RST Configure DHE 76.23 M

CHE Configuration: h"cs-studia-"dhh.-"inifiIes.f'dth

DHP Trigger Settings

Trigger wicth ’T:ﬁ
Trigger delay ’T::
FCK Length [ Tzoa =
Timeout ’T::
FCK strobe wicth [ s =
Invert Trigger ] e
Other settings
RXEQMIX [ 3 —
TCK Divider ’T:I use DHPT  mer

interface Dur

ASIC settings
DHP1 Settings

DCD1 Settings | HS: [ | disable



Process Variables (PVs)
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Test PC

Application
layer

Python scripts / CS-Studio

vA

Process Variables (PVs

Read/write

PXD:H1021
[Z[EJEJE] 0HP Channel Up

[~ DHP Voltage ON
[77 DHP PLL locked

[E]oHE Channel Up
[Z DHC PLL locked

EPICS IOC
server

GT)( Synchronized el
trigger
link_status_pv = \ :
get_pv(“PXD:H1021:dhpl_channel_up:S:cur”) | TLU Settings ‘
link ok = link_status_pv.get() Wik ks ==
A - - - TS2TUDEL o =
if not link_ok: TS2TADEL o =
‘ )‘ ,‘ ) print (“DHP link 1 is down”) Clock slow down factor 5 =
Use BUSY from script i
| | | | |
Statistics
get_pv(DHP, “idac_tx bias:VALUE:set”).put(200) | SE Srim e e
Y| get_pv(DHP, “globalrs:trg:set”).put(1) RER e EaOns 7™
DHP data rate 0Bps
/. Trigger counter 730
. Trigger rate 0
ngh Speed Missing triggers 0
. Missing trigger rate
Hardware data link e

Module

ASIC

registers DHP digital core

ASICs
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GatedMode

Config Busy: [l Status: [T | reset  configure
Kill Framere

Short RST Config
Long RST Configure DHE 76.23 M

CHE Configuration: an"cs-studia-"dhh.-"inifiles.f'dhh T

DHP Trigger Settings

Trigger wicth ’T:ﬁ
Trigger delay ’T::
FCK Length [ Tzoa =
[% Timeout ’T::
FCK strobe wicth [ s =
Invert Trigger [ e
Other settings
RXEQMIX [ 3 —
TCK Divider ’T:I use DHPT  mer
interface Dur
ASIC settings

DHP1 Settings

DCD1 Settings | HS: [ | disable



The Data Handling Enginge (DHE) v
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DHE - module ASIC communication
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layer
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Module ASIC
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Python scripts / CS-Studio

Read/write

Process Variables (PVs)

FPGA

Trigger line

fast control
(RST/TRG/FSYNC/
VETO/MEMDUMP)

DHP digital core
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PC - DHE communication
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** Read/write

EPICS IOC

Process Variables (PVs)
server

+$ Read/write

Communication

software DHH software
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Hardware
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Module ASIC
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Data aqu iSition IWMEHT,WT'

Test PC

Application

layer Python scripts / CS-Studio

** Read/write ?

EPICS IOC : _
S Process Variables (PVs) Hard disk

** Read/write i

Communication
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Hardware
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Why is it so complicated?
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Laboratory Test System

Test PC

Application

layer Python scripts / CS-Studio

@ Read/write

Process Variables (PVs)

@ Read/write

EPICS IOC

server

Communication

A

software DHH software BonnDAQ
Ethernet A Ethernet
IPBus UDP Data
Hardware
DHE FPGA
Trigger line .
High speed
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Module ASIC w
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Why is it so complicated?

Laboratory Test System Belle Il Experiment
(also PERSY)

Test PC

Control PC
Application ' ; AR Python scripts / CS-Studio
[y Python scripts / CS-Studio layer yt p
@ Read/write A Ethernet Ethernet

TCP/IP TCP/IP

EPSI(e:r?/ ;?C Process Variables (PVs) Hard disk Read/write Data monitoring

: I0C Server PC BonnDAQ Server 4
Read/write

Communication

EPICS I0C Process .
software DHH software BonnDAQ server Variables (PVs) Hard disk

@ Read/write m

Ethernet A Ethernet Comm. Comm.
IPBus UDP Data software DHH software = ——— BonnDAQ
Hardware

Ethernet 4 Ethernet
DHE FPGA IPBus UDP Data
Hardware
Trigger line High d
JTAG fast control Igh spee
(RST/TRG/FSYNC/ T data link DHH FPGA
VETO/MEMDUMP)
Trigger line .
Module ASIC igi fast control High
ASICs registers Pl el Gore JTAG (RST/TRG/IFSYNC 4 speed
VETO/MEMDUMP data link
ASIC _
registers DHP digital core

— The system used for laboratory testing already implements (almost)
all the elements for the final Belle Il experiment.
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Keep track of what you're doing v
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Test PC - Slow control close

icati to final state
Ap?;:;g:lon Python scripts / CS-Studio

- Can be difficult
to debug in
the lab environment

- Designing fast
scans can be tricky

Module ASIC -
ASICs registers DHP digital core
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Timing pitfall — high-speed link scan
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High-speed signal preemphasis

\,

Signal spectrum

Hardware

DHE

Module
ASICs
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HS link scan — Hybrid 5
DHP 1

Signal amplitude

Bias
Signal spectrum after
preemphasis
0
FPGA registers
FPGA parallel processing
Trigger line
JTAG fast control
(RST/TRG/FSYNC/
VETO/MEMDUMP)
ASIC .
) DHP digital cs
registers 9
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00|

200
Biasd

What ‘are these “bad points”?
- are they real?
- why are they so regular?

High speed
data link

13



What happens during the scan '4
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What happens during the scan

4
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Application
layer

EPICS IOC
server

Communication
software

Hardware

DHE

Module
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1. set pre-emphasis
parameters in DHP

bias
biasd

2. I1ssue link reset

@ Python scripts / CS-Studio

vA

Process Variables (PVs)

Read/write ?

** Read/write i
commands
DHH software BonnDAQ t
Ethernet ? Ethernet
IPBus UDP Data
v FPGA
Trigger li .
JTAG fast conrol High speed
(RST/TRG/FSYNC/ data link /
VETO/MEMDUMP) '
ASIC .
registers DHP digital core
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What happens during the scan e
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@ Python scripts / CS-Studio

vA

Read/write

Process Variables (PVs)

1. set pre-emphasis
parameters in DHP

bias
4 biasd

2.1 link r
? ** Read/write i SSue eset
: commands
DHH software BonnDAQ |
3. poll link state
success?
? ¢ Ethernet ? Ethernet (( )
: IPBus UDP Data
Frca  LliRK'State™
ITAG L High speed
(RST/TRG/FSYNC/ data link
VETO/MEMDUMP)
ASIC _
registers DHP digital core
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What happens during the scan

4
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Test PC

1. set pre-emphasis

icati arameters in DHP
Ap;ljllcatlon ) Python scripts / CS-Studio P
ayer bias
** Read/write ? biasd
EPICS IOC )
aazimbles COR a cisk o
A | 2. issue link reset
** Read/write i commands
Corgg}tjvcggtlon D)H< 4 software BonnDAQ _
3. poll link state
Ethernet Ethernet (SUCCGSS?)
regular update # IPBUS ? UDP Data ] t'_DV V?Iu_e slclzarll
Ime Ica S
Hardware v yp y
— |nformation can
DHE FPGA be up to 1s old!
JTAG oot ? High speed
(RST/TRG/FSYNC/ data link
VETO/MEMDUMP)
Module ASIC .
ASICs registers DIl elgliel coie
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Timing is everything
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wait

wait -
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Real link
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Pedestals at PERSY
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Application : ) _
layer - Python scripts / CS StudI(L
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TCP/IP f
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EPICS I10C Process A

server Variables (PVs) Comm. BonnDAQ
Read/write software
Comm. DHH software
software
ﬁ Ethernet
UDP Data

Ethernet
IPBus

Hardware

DHH FPGA
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JTAG ast control speed
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Module
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- Close to final phase 2
system:

- Dedicated IOC Server

- DHH system:
DHE + DHC

- Further DAQ:
DATCON
ONSEN
PocketDAQ

- SVD system

— Demonstrates what's left
to do
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Pedestals at PERSY - special triggering
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Control PC
Ap|1|)||cat|on Python scripts / CS-Studio
ayer - -
Ethernet
TCP/IP f man_ual
Read/write setti ng
|OC Server PC Hard disk
EPICS IOC Process i
server Variables (PVs) Comm. BonNDAQ I TTD10 |
Read/write software
Comm.
software DHH software - ‘ FTSW ‘
thernet
% UDP Data #99
Ethernet
IPBus
Hardware No Triggering ‘ trigger
FPGA _ _
i - Local PXD triggering
Tri li . . .
TTAG éggﬁgmwm/f High, in exclusive mode
VETO/MEMDUMP) data link via FTSW

Module AS

ASICs
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- Continuous triggering
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Pedestals at PERSY - special triggering
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Control PC
Ap|1|)||cat|on Python scripts / CS-Studio
ayer - -
it manual
Read/write setti ng
|OC Server PC Hard di
EPICS IOC Process
server Variables (PVs) Comm. BonnDAQ | TTD10 |
Read/write software
Comm.
software DHH software - ‘ FTSW ‘
thernet
UDP Data #99
Ethernet
IPBuS
Hardware No Triggering ‘ trigger
FPGA : :
PR - - Local PXD triggering
fost wontiol High in exclusive mode
JTAG (RST/TRG/FSYNC/ speed via ETSW
VETO/MEMDUMP) data link

Module AS

ASICs
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- Data stored on control PC
(b2pxdsrv)
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W30 _IB (Module 1012) @ PERSY L
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- pedestals on 20" May 2017 W30_IB:
- MARCO constant 10 °C DHPT1.1, DCDpp
Pedestal Distribution - DCDO PXD9 Mapping - W30 _IB ADU
I ;
splreadzl?@ 200
1064 y 700§
' 180
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105 160
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[ b 140
| J a
/ 1
2 | 5400
3 |1
. |2 120
103 T b
] i @ 300
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I
1025 200 P
1014 100 60
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ADU channels
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W30 IB (Module 1012)

@ PERSY
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- pedestals on 22" May 2017
- MARCO constant 10 °C

Pedestal Distribution - DCDO

|
sp!readzlﬁa

counts

0 50 100 150 200 250
ADU
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W30_IB:

DHPT1.1, DCDpp

PXD9 Mapping - W30 _IB
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W30_IB (Module 1012) @ PERSY v
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- relative change in pedestals W30_IB:
- 30s x 20 raw frames/s, every 30 minutes DHPT1.1, DCDpp

5%900:00 i E :OI{J:OO 23:(}'0:00 11:06:00 23:06:00 11:60:00 23:06:00 11:0ID:00
S & $ $ $ ime
v & & &
Friday morning 10:30 Monday morning 8:15
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W30 _IB (Module 1012) @ PERSY o

W30_IB:
DHPT1.1, DCDpp

- relative change in pedestals

4 T T T T T T T

ADU

4 Mmax

5 { B e
dev

- min

_1 1 I 1 L 1 L il |
?E:UD:UD 04:00:00 16:00:00 04:00:00 16:00:00 04:00:00 16:00:00

S S S & time
< V & W
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Conclusion
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e Slow control for final experiment already used in laboratory environment
- To perform fast scans, careful programming is necessary

e PERSY system allows basic PXD long term studies
- “Local” triggering mechanism still an open issue

e Old TB 2016 W30_IB module shows acceptable pedestal stability over long
time: <3 ADU in 2 days

Thank you

paschen@physik.uni-bonn.de 29th May 2017
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