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PILC — History
 First ideas for the PiLC 2012: )

« To have a flexible and easily customizable module for fast signal
processing.

* Independently from third*.

» Use existing infrastructure.
* Read and write data over Tango.
« Update firmware over Tango.

» Possible to use different input/output signals (digital and analog).

« Touchdisplay to present the data / states direct on site.
* Low cost

» First prototype build in 2013
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PILC — Components

Mainboard 1
Embedded Computer (Raspberry Pi)

FPGA

16 slots for 1/O cards

Power supply unit

Touchscreen

S - o A o

I/O board with 16 coaxial LEMO connectors 4
and 18 RBG LEDs
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PiILC — 10 Cards

* 1O NIM/TTL 50Q

« ADC: 0-10V, 16Bit, 1MS/s

« DAC: 0-10V, 16Bit, 1MS/s

* PTresistor: PT10, PT100, PT500, PT1000
 Differential ADC: -10V - 10V, 18Bit, 2MS/s
* Thermocouple: Types K,R,T,S
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P|LC Distribution 2023

Over 100 PILC operational @ PETRA Il and FLASH

* Sold one to the Max-Born-Institute

« Over 30 different configuration and FPGA Firmware | & )

For example:

« Continuous scans.

« Shutter controller.

« Volt to frequency converter.

* PID heater controller.

* Array based trigger generator.

« (Gate generator based on a rotation stage
index signal.

PiLC @ P06
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PILC — Firmware — Continuous scans

« Generates trigger or gate signals
depending on encoder position
or a time base.

« Different scan modes.

« Write data to a nexus file.

« Maximum 2kHz repetition rate.

« Main PiLC stores Up to 5 encoders & 1 counter.

« To store additional / different signals
like ADC values, it is possible to
daisy chain PiLCs.

* Requires an encoder splitter
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PILC — Firmware — Continuous scans

« Start and steps encoder based

Example: Trigger generation starts at encoder pos. 100 and every 10 encoder steps a trigger is generated

PositionTriggerStart
PositionTriggerStepSize
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PILC — Firmware — Continuous scans

« Start and steps time based

Example: Trigger generation starts at encoder pos. 100 and every 10 encoder steps a trigger is generated

TimeTri StepSi
— TimeTriggerStepSize .
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PILC — Firmware — Continuous scans

« Start: Encoder Position; Steps: Time based

Example: Trigger generation starts at encoder pos. 100 and every 10ms a trigger is generated

PositionTriggerStart
1

TimeTriggerStepSize
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PILC — Firmware — Continuous scans

« Start: Time based; Steps: Encoder Position

Example: Trigger generation starts at encoder pos. 100 and every 10ms a trigger is generated

PositionTriggerStepSize
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PILC — FiIrmware — Continuous scans

« Start: Encoder Position; Steps: Encoder Position; Pause: Encoder Position

Example: Trigger generation starts at encoder pos. 100 and every 10 encoder steps a trigger is generated.
The Trigger generation pause, when encoder pos. is 1000

= & TriggerPulselength = &  EncoderTriggerStepSize
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e ] || || || || L] L] L«
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Tango Server
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PILC — Firmware — Continuous scans

AtkPanel 5.10 : p64/pilc/trigger.02 (on hasnp64) o x
File View Preferences Help - -
[ psa/pileitrigger.02 |v|
pod/pilcitrigger.02 .
[‘I’he device iz in ON state. il
A o A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A
wat : ! : YV %35A =
PositionTriggerStart 5.235 physical units i 5
=2 e FYFYY YVY [-]
FY-wy ES
PositionTriggerStepSize 1.010 physical units 77%. @%i EI
NbTriggers 1157 e 7.5 ]
FYYYYEYYY
A
TriggerPulseLength 0.000100's 0. 000100 L] |=
¥Y YYYYYY
Arm 0 L L]
TriggerMode 5 E_; []
Ai
TimeTriggerStart 0.000s D3 ULDEDB El L
Y¥Y ¥YYVY
A &
TimeTriggerStepSize 0.005000 s 0. 005000 (]
VY VYYVYVY
Position1Conversion 34986.8333300 steps/unit 329856 . 8333300 []
FYYYY VYVYYVVYY

CurrentPosition1 I

10.669928 Physical units

TriggerCounter | 1157
EncoderTrigger | 374239 steps
RemainingTriggers | 0
BufferLoad | 0.000095 %

FilePrefix [20230920_check_zn_scan_tg_0002 [20230920_check_zn_scan_tg_0002 || -]
FileDir | fgpfs/current/raw/beamline_tests/ |,-’gpfs,-’currentfraw,-’beamline_tests,-’ |E|

L]
i
L]
i

1]

AtkPanel 5.10 : p64/pilc/trigger.02 (on hasnp64) = =
File View Preferences Help
I psaspilcitrigger.02 | |v|
p64/pilcitrigger.02
(The device is in ON state. ]Z]
T e e
AXAK AA i
Position2Conversion 1.00 steps/unit 155 030 B
¥YY¥Y ¥V
AAMN
Position3Conversion 0.00 steps/unit z 6S 0_\ B
¥YYY ¥7¥
A XA
Position4Conversion 0.00 steps/unit i & Dj B
YYYY VY
AdA
Position5Conversion 0.00 steps/unit @ s & 0A E]
YYYY ¥¥
" X . § AAAAAGX OAOX
PositionTriggerSto| 6.00 physical units .
92 g 8 ¥YYYYVVY VY B
EncoderTriggering 1 f E}
CurrentPosition2 | -6.00 Physical units [] H
CurrentPosition3 | 0.00 Physical units E
CurrentPosition4 | 0.00 Physical units E]
CurrentPosition5 | 0.00 Physical units E}
A
MaskDataToWrite 61 A'&Gx f B
FYYYYY
AR 3
TriggersPerFile 100000 160000 L]
TYYIYYRYY
Softwarelnhibit 0 05 E
Hardwarelnhibit | 0.00 [ ]
CounterConfig 0 & E ||

Scalar L CounterData

L EncoderlData

L PositionlData

L Encoder2Data L Encoder3Data

LEncnderdData LEncnderSData LPnsitinnZData LPnsitinn3Data LPnsitinndData LPnsitinnSData |
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Scalar L CounterData

L EncoderlData L PositionlData

L Encoder2Data L Encoder3Data

[

| EncoderaData LEncoderSData LPositionZData LPosition3Data LPositiondData LPositionSData |
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PiLC - Status Website

Tange Host Auswahl:|  haspp01eh2:10000/p01/pil... = | Filter: reset
Manuslle Eingabea:
disconnect

e PiLC Status: haspp01ehz2:10000/p01/pilciexp.01 Online

10 Cards 10 Board Dizplay Mainboard

FPGA Infos
[] Hardware Version Software Version Projekt Hummer Projekt Name Projekt Version
Oxec il " 10 Continuous scan 12
10 Uebersicht

Nummer Richtung Hame Status In Register In Bez. Out Register Out Bez.

1 Input Enc1A 0 0 Control T574371 Position 1

2 Input Enc1B 0 22302359 Start value o Position 2

3 Input Trig./Gate 0 10200 Step value o Position 3

4 Input Counter In 0 100000 Trigger end value o Position 4

5 Input Enc2 A ] 11176005 Enc 1 load 0 Position 5

& Input Enc2B ] 10000 Trigger deay 0 Trigger counter

T Input Enc3 A 0 0 Enc Z load o Save counter

3 Input Enc3B 0 0 Enc 3 load 112 not used

9 Input Enc4 A 0 0 Enc 4 load TE09609 not used

10 Input Enc4B Graph % 33523 not used

1 Input Enc5A B Ot Fioghoter B3308 not used

12 Input Enc5B reTn 1 t used

npu nc - not us

13 Output Tigger Out T 0 not used
TET4400

14 Output Gate Out TaTAZE0 ] ] Counter Out
T5T4360

15 Input Inhibit FST43T0 0 HW Inhibit State
TET4360

16 Output not used & ] not used

¥
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PILC2 Concept

« AVNET: UltraZed-EG

MPSoC
- 2GB DDR4
+ Gigabit Ethernet PHY
+ 8GB eMMC Flash

* Raspberry Pi CM4

ZYNQ Ultrascale+

Processing System

« Touch Display

+ Size: 4"
* Resolution 480x800 Pixel

» Resistive touch display

« RGB-LEDs for I/O status

Programmable Logic 16x Lemo

‘connectors

Bidirectional I/O Line

Differential RX Line

Differential TX Line b GeneI’IC ZMQ-SEI‘VGI’
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+ Xilinx Zyng® UltraScale+™

Page 14



PILC2 Prototyp

* Function blocks in the standard firmware,
selectable without new compiling:

» Direct reading from the 1/O Cards:
« ADC, DADC, Thermo, PT100
« Up to 14 Gated Counters.
« Up to 8 Encoder readings.
* Logic module + Delay function
« AND, OR, XOR
* Inverting input/output
* Delay min.: 50ns

* Delay steps: 5ns
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