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This user's guide describpsinciples of operationgonstruction and use of 256 channel
readout board for 10x10 cm GEM detectors. This manual also describes the protocols used and
the accompanyin@C softvare.

The readouboard consisof four DDC264 current/chargi@-digital convertersan FPGA
to control the device, andn Ethernet communication module for communication with Fle
Texas I n sDDC264ntegrates ®ircuits are64-channets 16/20bit analog to digital
converters withcurrent inpus (see more atl DDC264 product pagdhe board is designed for
operation with10x10 cnstandardCERM®GEM detectors and connetvithto the detector using
four Panasoni®connectors.This device is complete, ready to us@ed has aneasy to use PC
softwarethat makest ideal for getting startd with the GEM technology.

256 channelreadout board for 10x10 cm GEM detector Techtra 2016, rev. 1
1


http://focus.ti.com/docs/prod/folders/print/ddc264.html

TEC HTRA...

TECHNOLOGY TRANSFER AGENCY

Contents
1. Theory Of OPEration...........coooi oot e e e e e e e e e e e e e e e e e e e e e e e e s s s s e e s aaaaas 2
2. Hardware deSCrPLON.......ccooi i e e e e e e e e e e e e e e e e e e e e e e s e e s s s aa e e e s s e e s nnnnanne 4
2.1 POWEFSUPPIY CIFCUIL.....eeiiieiiiiiiiieiee ettt e e e e e e e s snnrrn e e e e e e aan 4
2.2  Reference and BiaS CilCUILS.........cuiiiiiiiiiiiiiee et e e e e nre e e e e 4
23 { BGAGOKSA LY R..J.OB. QA e 5
2.4 FPGA programming CONNECLOL .. ......uuuuruurrrrirrrrerrnreerreerrrrrertettaataaaaaaeeeaeeeseeasnnnnaannnn.. 5
3. Low roise operation reqUITEIMENTS..........cciiiiiiiiiii it e e e e e e e e e e e e e e e aaeaaaaaeaaeeaaeaseaaas 6
72BN @101 910910 Tg o= 11 To] 1N o] o) (o oo A 6
4.1 CoNtrol ProtOCOETCPR......uiiiiii et e e s e e e e s reae s 7
42  Data ProtOCOUDP.........ooiiiiiiiiiie et e e s e e e 8
T S O =T o] o] o7 11 ] o NP PP P PPPTPPPRPPR 9

1. Theory of operation

This 256 channel readout board consist four DDC264 integrated circuits from Texas Instré@lems.
is a description ofTextahlessumen®BCDE2 6 4EY¥N Usem $ h6ui de

The DDC264 is a 2, 64-channel, currerinput analogto-digital (A/D) converter (seEigurel). It
combines both currento-voltage and A/D conversion so that 64 separate-level current output
devices, such as photodiodes, can be directly connected to its inputs and digitizexhdRoof the 64
inputs, the DDC264 uses the proven dual switelméelgrator frontend. This design allows for continuous
current integration: while one integrator is being digitized by the onboard A/D converter, the other is
integrating the input current. éjustable fullscale ranges from 12.5pC to 150pC and adjustable
integration times from 160us to 1s allow current :
outstanding precision. Lo e v e | Il i near i t y-scalsrangelandonpige ms3@pmmfof theh e f u |l |
full-scale range.

There are four different capacitor configurations availablecbip for both sides of every channel in
the DDC264. These internal capacitors are trimmed in production to achieve the specified performance
for range error of the DDC264. The range controb l{Range[1:0]) set the capacitor value for all

'DDC264EVM User’s Guide, Texas Instruments, SBAU186
http://www.ti.com/lit/ug/sbaul86/sbaul86.pdf accesed april 2016
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integrators. Consequently, all inputs and both sides of each input always have the sastalfillange.
Tablel showsthe capacitor value selected for each range selection.

Tablel RANGISELECTION

Range Control Bits
Range Rangef1] Range[0] G Input Range
0 0 0 3pF -0.04 to 12.5pC
1 0 1 12.5pF -0.2 to 50.0pC
2 1 0 25pF -0.4t0 100pC
3 1 1 37.5pF -0.6 to 150pC
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Figurel DDC264 FUNCTIONAL BLOCK DIAGRAM
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2. Hardw are description

The 256 channel readout board for 10x10 cm GEM detectors consist of two separate pagiog
part and digital part.

The analog partonsist of four DDC264 devices,4.096V referencewith buffer, an adjustable
current/charge bias circuit withnadditional 4.096V reference arah analog power supply circuit.

The digital parcontainsaX i | i n x -33Fp@Aa commuiii@tion module,a PROM memory with
the FPGA configuratigran oscillatorand a digital power supply circuifThe FPGA generates aflthe
timing clock signalsfor DDC264sretrieves data from DDC264s, bufieghe data andhandles the
communication betweenhtte DDC264s and the PC.

Under the main board there is connector for communication modiilee ©mmunication board
consist of 100 Mbit/s Ethernet controller, B3 connector, oscillator and power suppliyhe readout
boardconnects to a PC vidd45 connectorcceptsstandard Ethernetable. Thdzthernetcommunication
can be reset by pressing reset switminthe commuication module board.

2.1  Power-Supply Circuit

There are two power supply connectors the readout board. The7Xonnectoristhe analog supply
input, andthe J8is for the digital supply. The analog power supply consiat¥ regulator, decoupling
capacitors, and reference and bias circuits. The digital power supply cores&voafegulator on the input,
decoupling capacitors and voltagegtdators fothe FPGA and DDC’' s. The digital
DbC's supply are regulated from 5 V to 3.3V, 2.5V

LED<2-5 that represent the required voltageshould be lit when the readout board is powered
correctly.

2.2 Referenceand BiasCircuits

The 256 channels readout board uses twh096V reference sources (REF3040pne for the DDC
integrated circuitsreference, second for inputs bias circu@utputs of the eferences have been
connected toa single pole lowpassfilters (3,386 Hz). After the filter reference voltage is followed by an
amplifier configured as a buffer. In Bias circuit signal from filter passing through PR1 potentiometer which
allows to change current/charge value injectedteth DDC’ s i nputs and after tha
by anamplifier configured asabuffeBi as voltage is connected to the °:
the constant Dbias current/ charge to al hnegafivet he an
signals coming from detector.
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2.3  SwitchesAT A |, %$86 O

On the main board there are the LED indicators whidlows to easilymonitoring the board
operational state Refer toTable2 for a summary of these indicators.

Table2. LED Indicators Functions

LED Color Function
LED1 Green FPGA configuration is done
LED2 Red Analog 5 V is connected
LED3 Green Digital 3.3 V is aable
LED4 Green Digital 2.5 V is avable
LED5 Green Digital 1.2 V is aviable
Link LED (on the Rib conn.) Green Ethernet connection is established
RX/TX LED (on the #3 conn.) Yellow Board is sending/receivirgata to/from PC

Switch SW1 on the main board described as RESET, resets the FPGA. Normally, it should not be
necessary to use this switch. Pressing this switch resets the FPGA teygpa@nditions.

2.4 FPGA programming connector

The motherboard is equipped wihpins goldpin type connector (J16) which allows to change FPGA
software. Programming is carried out using standard JTAG protocol. Refebke3 for the J1I6JTAG
connectorspecification.

Table3 JTAG connector specification

PIN Function
1 TMS
2 TDI
3 TDO
4 CLK
5 GND
6 3.3V VDD
256 clannelreadout board for 10x10 cm GEM detector Techtra 2016, rev. 1
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3. Low noise operation requirements

The 256 channekadout board for GEM detectors needs proper power supply and EMI shigétding
ensure lownoiseoperation.Note that the digitalpart of the board is separate from the analpgrt. It is
recommended to supply analog and digital part with separate, hoige voltage sources from linear
laboratory power supply t@void noise passing through from digital to analog pdite analogtraces
length between detector Panasofiiconnectors and DDC integrated circuits are minimalized to reduce
EMI noise coupling. AIf t he DDC25 6-limiti@g resistavd ate placedunrasheeldibg cabinets.

Even though th@56 channelreadout boards designed for optimaloiseperformance, iisnecessary
to close the detector with a readout board in a EMI shielding enclosurgliminate any extraneous
environmental noise sources.

4. Communication protocol

Four 64 channel ADCs (256 channels in total) with sampling rate of 4kSa/s gives high data rate. To
ensureall data are collected properly and sent to the Ethernet network, FPGA waskigad:2 shows
simplified schematic of data flow in GEM Detector board

Y axis
channels 128 - 191 channels 192 - 255
ADCO = ADC1 [=in
A \\\
control data > |_>* coo |::>* < > I\gﬁg] EI
’ CHO CH1 CH127 Ethernet
ADC2 ADC3
channels 0 - 63 channels 64 - 127 F PGA
X axis

Figure2 Simplified data flow schematic

To ensure both control of packets containing commands and high data througtiiTechtra 256
channels readout boardses two communication protocolsTCP and UDHhe usedcommunication
protocols are described belaw

256 channelreadout board for 10x10 cm GEM detector Techtra 2016, rev. 1
6



TEC HTRA..

TECHNOLOGY TRANSFER AGENCY

4.1  Control protocolz TCP

TCP command set containing a description of the commands that are sent to the detector with answers
from the detector are described inable4.

Table4 Command set

Command Description Answer Comment
1| Ox00 ID acquire Detect o" TECHTRA 256Ch GEM De
ASCII coded0 hytes total
2 | 0x01 Firmware version| Firmware b00000001xxxyYyyyy
version version: X.y in binary

2 bytes total command length

3 0x02 + DDC range set | OxFF [range]: 000000xx,
[range] xx: 00-3 pC
01-12,5pC
10-25 pC
11-37,5pC
2 bytes total command length
4 | 0x03 + Integration time | OXFF Where [time] is number equal to ((time in
x00[time] | set ns)/12,5 ns 1) written on 28 bits

Count range: (13279 : 79999999)

5 bytes total commanéength

5 | 0x04 Constant OxFF
measurements
trigger
6 | Ox05 Single OxFF
measurement
trigger
7 0x06 Measurements | OxFF
stop
8 | Ox07 Keep alive OxFF Simple answer if connection is present
256 clannelreadout board for 10x10 cm GEM detector Techtra 2016, rev. 1
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4.2  Data protocolz UDP

Each pair of ADCs is connected together in B@rsin giving a serial interface with 128 channels. FPGA
controls the integration time intervals and acquires the data from both Baigyns simultaneously. To
prepare a UDP packet, two streams are interthtegether. DDC264s output the data from the oldest
channels, so resultative stream is a meginningwith 127, 255, 126, 254, downwards.

The UDP packet structure has been describethines. Figure3 shows a sample of data stream in UDP
packet.

Table5 UDP packet structure

Data type Frame numer Data
Size| 4 Bytes 256 x 3 B, 768 Bytes total
Comment| starting from 0 on each powesn order: 127-255-126—-254-...-0-128
structure: xOnnnnn, where A measured data

CH128 CH129 CH255
/ CH127
FPGA

—

data stream

channel 129 data in hex channel 1 data in hex

Figure3 Data stream structure
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5. PC application

The 256 channels readout board for GEM detectors uses Ethernet connection for communication with

PC. It is preferred to connect the readout board with a PC using separate 100 Mbit/s Ethernet card, to
ensure proper working of the device and that no datd e lost.

To establish a connection between detector and PC, it is necessary to setup network adapter correctly.
Figured shows how to correctly set up a Etherraetapter on Microsof® Windows® system Please refer

to the detector’'s

i nd

vi dual

par ameters

m =
) » Control Panel b Network and Internet b Network Connections b = [ %2 ][ Search Netwrk Connections 2|
Organize * Disable this network device Diagnese this connection Rename this connection View status of this connection Change settings of this connection g~ 0 @
ML LocalAres Connection = | VirtualBox Host-Only Network ML LocslArea Comection?
— Network 6 T~ Unidentified network — Unidentified network
@ Realtek PCle GBE Family Controller @ VirtualBox Host-Only Ethemet Ad... 7 ASIX AXBE7728 USB2.0 to Fast Eth...

[ Local Area Connection 2 Properties =

Internet Protocol Version 4 (TCP/IPv4) Properties

[ ==

Networking | Shamng

Connect using

&Y ASIX AXBB772B USB2. 010 Fast Ethemet Adapter

This connection uses the following items
& Cient for Microsoft Networks
33 \itualBox Bridged Metworking Driver
= Q05 Packet Scheduler
381 File and Printer Sharing for Microsoft Networks

[ -+~ Intemet Protocol Version & (TCP/IPVE)

- Intemet Protocol Version 4 (TCP/IPv4)

~&- Link-Layer Topology Discovery Mapper /0 Driver
<&« Link-Layer Topology Discovery Responder

install Uninstal Propeties
Deseription

Transmission Cortrol Protocal/Intemet Protocal. The default
wide area network protocol that provides communication
across diverse interconnected networks.

General

*You can get IP settings assigned automatically if your network supports
this capabilty. Otherwise, you need to ask your network administrator
for the appropriate IP settings.

(©) Obtain an IP address automatically
1@ Use the following IP address:

IP address: 172.24 .0 .25
Subnet mask: 255,255,255, O
Default gateway: 172.24.0 .2

Obtain DNS server address automatically

1@ Use the following DNS server addresses:

Preferred DNS server:

alternate DNS server:

[] validate settings upon exit

sheet

Figure4 How to proper setup the Ethernet adapter on PC computer with Micr8safindows’

To ensure that PC applicatianill be able toconnect to the detector it is needed tlow access

through Window§ firewall —seeFigure5.

4
@ Windows Security Alert

=

@ Windows Firewall has blocked some features of this program

Windows Firewall has blocked some features of TechiraDDC on all public and private netwarks.

@ Name: TechtraDDC
Publisher: Unknown
Path: F:\users'\denis'desktopitechtra

=)

\techtra_ddc_detector_sn0001\techtraddc.exe
Allow TechtraDDC to communicate on these networks:
[V]zinvate nebuorks, such as my home or werk netnerk

Public networks, such as those in airports and coffee shops (not recommended
because these networks often have litte or no security)

What are the risks of allowing & program through a firewall?

[ @gl\uwaccess ] [ Cancel ]

Figure5 Allowing to access through Windofvérewall
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After the application startup, the main window should appédéguret shows the application
before (a) and after (b) connection established. The application at startup opening the connection and
waiting for new client (detector readout board)etector automattally send SYN packets to open the
connection. The connection between PC and detector should be established in less than 1 minute.

I f after 1 minute application won’t connect,
1. Power supply for the detector is turned on,
2. Ethernet cabléas properly connected to the detector,
3. Ethernet IP configuration is done properly,
4. Application isn’t blocked by firewall|,
5. Application sonfigurationcontains the actual IP address of the detector
a) b)
52! Techira DOC v2 - - SE] = | 55! Techtra DDC 2 - - SE] = |
Measurement settings Output Measurement settings Output
Path: Path:
Range 125pC - DADDC [ Change | Range 125pC - DADDC [ Change |
Integration time Jus}: 250 Name: Lampa_Det_1 [ text save Integration time Jus}: 250 Name: Lampa_Det_1 [ text save

Control Description

create new folder for each measurement name auto save

Control Descriplion

create new folder for sach measurement name auto save

Status

x FPGA Ver A 4 FPGA Ver

Write settings Wiite settings
Measuremert Measuremert
Type: ©) singe @ mukiple Log Type: ©) single @ mukipls [ s |

Measuremert Measwement: [
Nr of measurement: 40000 - Nr of measurement: 40000 e
Memory limt: 1000 Gat | [ s | [ Sep | [ 5 Memry lim: 1000 gat ) [Lsae ) [LoSon. ] [L5m

ServerrunsonIP: 1722401 port: 59612 FPGA ver: 0.2 Last save: ServerrunsonIP: 1722401 port: 59612 FPGA ver: 0.2 Lastsave: Lampa_Det 1 15753 @ 17:49:17

Figure6 PC application main window showing Ethernet communication status: a) unconnected, b)
connected

The application controls were dividento several blocks: Measurement setup, Control, Output
and Measurement. The measurement setgnsist of user defined DDC range and single measurement
integration time. In a control section there are: button for FPGA version-beali, button for write
settings into FPGA (settings are also automatically written waemeasurement is starting), and
connection status indicator. The output section consist of user defined path for measurement saving, File
name for measurements, checkbox for making a new folder for each measurement series name, checkbox
for choosing file format (binary if unchecked, téhchecked)and checkbox for saving measurement data
to file (or not if unchecked). The measurement section consist of: type of measurements (single or
multiple), number of measurements, memory limit for measurements buffering, button for Log window,
button for window with charts, Start/Stop buttons and progress bars for measurements and saving to the
files.

256 channelreadout board for 10x10 cm GEM detector Techtra 2016, rev. 1
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Figure7 shows the PC application with all windows opened (main window, log window and charts
window). Charts window consist of two charts: candlestick plot for all channels on the top and channel
line plot for one chosen channel. The channel for the line plothEmselectedusingt h € a‘n n e | nr”
control. Charts can be autscalingandauts pdat i ng or manual updating usi

s Techra DOC v2 I's ) - [=[= % JJ&5 ooccnat o o) P |
Measuremert seftings Output
Path Candlestick Plot of all channels Semetm| -
e 1250C M D\DDC\Detekiory_Rumuni Change auto update
Integration time fus]: 250 Mame:  Lampa_Det_1 7] text save 25 + B 2o rescale
9] creste new folderfor each measurement name (7] auto save R P R -"7:‘;-"-!"J|l"-'I"‘“.'"""-’—""’-"‘""‘“"’ B | RN LI
€ Desciption ] |
r 20 1
Statue: |
v FPGA Ver 1,5 +
P o
Wite settings a
Measurement 10
Type: © single © muple s
Measuremer ot j— 05 1
Nr of measuremer rt: 40000 s
L —
Mency ey 1000 Cat | [ save ][ swop | [ s=n ] 0,0

1 14 27 40 53 66 79 92 105 118 131 144 157 170 183 196 209 222 235 248

Serverruns onIP: 1722401 port: 59612 FPGA ver: 0.2 Last save: Lampa_Det 115753 @ 17:49:17 Channel Nr

— - =

05:14:27:048 1nFO
05:14:27:040  INFO
65:14:27:561  INFO
@5:14:27:562  INFO
05:14:27:563  INFO
05:35:47:686  INFO
05:35:47:688  INFO
05:35:47:689  INFO
@5:37:16:953  INFO
05:37:16:955 INFO
05:37:16:956  INFO
05:37:21:085  INFO
05:37:21:986  INFO
@5:37:21:087 INFO
65:37:21:988  INFO
05:37:21:909  INFO
05:37:21:910  INFO
05:37:21:911  INFO
05:37:21:012  INFO
05:37:21:913  INFO
@5:37:21:014  INFO
05:37:22:420  INFO
05:37:22:421 INFO
05:37:22:422  INFO
05:48:28:614 INFO
@5:48:20:072  INFO

Channel Line Plot
24 . .

23 1+

221

pC

21 4

20 +

| + | | |
+ + t t t

0 100 200 300 400 500 600

Sample Nr

9] Info [¥] Emor [7] Debug (] Debug detais 9] Auto serol Clear

Figure7 PCapplicationwith allwindowsopened

Obtained data is being saved to two differegpée of files: text or binary. The former usually
requires a bit more disk space but it can be easily analyzed the latter was designed to achieve best save
performance and lowest disk usage. Save process can be triggered automatically by software {if the au
save checkbox is checked) or manually by user (using save button).

Files are saved using following name convention: measurmentName_index.dat where name can
be set in user interface and index is automatically set by software. New folder can be creatdtiiare
for each new measurement name (if the proper option in chosen).

Text file consists of two part: header and data matrix. Header includes: basic measurement
settings (DDC range and integration time) and data provided by user (name, description).

256 channelreadout board for 10x10 cm GEM detector Techtra 2016, rev. 1
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Exemplary text file header:
e bDC Params--------- #
# Range = 150 pC
# Integration time = 160

- Other-- HH

## Name: name
## Description:

## desc

Data matrix begins with two lines. The first line contains numbers in sequence, each number
corresponds to sample No. The second line provides information about time interval between data
samples "1" means that data is consistent and data loss didn'uoc€he higher number e.g. "3" means
that two samples were lost during transmission (it means that time interval between samples is three
times bigger). After those lines start NxM data matrix. N is fixed size (256) and it's defined by humber of
channelsM can vary and depends on container size. Data structure in file is as follows:

Wi 8 i

é E é
w i 8 w i
Qi Gy e £ Qi &G i Q

Software useslefault systemdecimal marKmost Europearcountries","). Data samples are separated
by tabulator {t". Each row is ended by new line maBinary file specification has been described in
Table6.

Table6 Binary file specification

Position  Type Name Description
1 B Range 0 to 3 value corresponding to DDC range (see datasheet)
2 UINT Integrationtime Ti me i n ps
3 UINT Channel number Number of channelsin current hardwaresolution- 256

IN

UINT  Sample number Number of samples obtained for single channel

UINT dt Sample numbed values corresponding to time different
between samples (as in text file)

6 DOUBLE Data matrix -

ol

256 channelreadout board for 10x10 cm GEM detector Techtra 2016, rev. 1
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Data alignment is the same as in text format file (see data matrix) but samples are not separated by
tabulator. Binary types definition has been described able7.

Table7 Binary types definition

Type Description
B 8 bit unsigned integer
UINT 32 bit unsigned integer

DOUBLE double-precision floating point format 64 bit

256 channelreadout board for 10x10 cm GEM detector Techtra 2016, rev. 1
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