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R&D for the ALICE Photon Spectrometer
Upgrade

(JINR Participation)

The report on the execution of the project in 2019-2020.

ALICE PHOS measuring electronics boards need updating for the following reasons:
- An increase in the dynamic range of energies up to 200 GeV,

- Increase in the count rate in the measuring channels,

- The need to measure more accurately the time of flight,

- Aging of the element base, etc.

An increase in the counting rate and an expansion of the dynamic range will
make it possible to take full advantage of the highly granularity of the PHOS and
perform a number of measurements:

- The measuring the spectra of identified neutral pions, eta, and omega mesons
and direct photons with transverse momenta greater than 50-100 GeV,

- The study the correlations of these particles.

Therefore, it proposed in 2019 - 2020 to design a prototype of the PHOS readout

electronics card. The use of the investigated photodetectors will make it possible to

abandon the PHOS cooling, leaving the thermal stabilization at a positive

temperature. This will greatly simplify the maintenance of the detector - no need for

repairs will each time disassemble everything and take out the modules to the

surface. In this case, changes in the design of the module will be minimal.

Proceeding from this, the development of a new card of the PHOS measuring

electronics is a logical continuation of the work begun.



Thus, the purpose of the modernization is to improve the measuring characteristics
of the PHOS under conditions of increasing the LHC luminosity and increasing the
maximum energy of registered photons:

- Improvement of the measuring characteristics of the PHOS detector device
achieved by expanding the dynamic range of the measured energies and increasing
the accuracy when measuring the time of flight;

- Increasing the speed of the measuring electronics achieved by reducing the time of
measurement and data reading;

- Use of a new element base. The existing PHOS measuring electronics developed in
2004 using a specialized ALTRO microcircuit, which no longer produced, like most
of the components used in the manufacture of these cards.

The result of the project is the development of design documentation for a prototype

of a 32-channel PHOS measuring card and the production of 2 cards for testing.

Main characteristics of the developed PHOS card



The new card should replace the old one without reworking the connecting wires,

loops and the DAQ and DCS interface. Existing power supplies used. A brief

description of the FOS given in the Appendix. The block diagram of the card shown

in Fig. 1.
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Technical Specifications:

- 32 input channels;

- Energy measurement in the range of 5 MeV - 200 GeV;,

- ADC capacity is 12 bits; signal-sampling rate is 40 MSPS;
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- measuring the time of flight by the Start-Stop method with an error not worse than 100 ps;

- Individual adjustment of the bias voltage of avalanche photodiodes;

- Individual adjustment of thresholds in the timing channels;

- Formation of a trigger signal for the PHOS trigger system;

- Control of electrical and temperature parameters of the card according to the ALICE-DCS

standard;

- reading data according to the ALICE-DAQ standard.



The basis of the measuring electronics of the module are two ADS52J90 ADC
microcircuits and an HPTDC (High Performance Time to Digital Converter) time-to-
digital conversion microcircuit. Each ADC configured in the mode of digitizing 32
channels with a sampling step of 25 ns and a bit depth of 12. The HPTDC
microcircuit will operate in the mode of digitizing 32 channels with a resolution of
100 ps.

The signal from the avalanche photodiode passes through the input buffer and then
goes to digitization with two ADC channels and one HPTDC channel. One ADC
channel uses a high gain driver and the other uses a low gain driver. In front of the
HPTDC microcircuit there is a discriminator, to which the signal from the input
buffer is fed through the differentiating chain. In addition, from the input buffer, the
signal fed to one of the four inputs of the summing amplifier, which generates a
signal for the trigger card (TRU).

For the module controller, it is supposed to use FPGA XC7K160T from Xilinx. The
module controller performs the following functions:

* Collection of data from measuring microcircuits;

e The data transfer;

* The bias voltage control for avalanche photodiodes;

* The monitoring the temperature of the module;

* The control and monitoring of voltages and currents of power supplies of
avalanche photodiodes and measuring microcircuits;

* The setting thresholds for discriminators.

Data transmission and control of the module can carried out either via DTC channel
or via 10G Ethernet. The DTC channel also used to send trigger and 40 MHz system

clock to the module.



Either JTAG connector or 10G Ethernet channel used to update FPGA firmware. To
update firmware over 10G Ethernet, the FPGA must already have firmware that
supports this function.

The card temperature measured in several places using DS18B20U microcircuits. An
IN'A226 microcircuit used to measure voltage and currents.

The card has 4 LEMO connectors for receiving or transmitting LVITL signals over a

coaxial cable. These connectors are for testing the module.

Background - 8 channel map prototype

The purpose of developing an electronic PHOS map for 8 input channels was to
check:

- Circuit solutions using new electronic components

- Location of functional blocks on the board

- A method for tracing GND polygons to obtain minimal interference.

The map contained all the blocks that needed to design a 32-bit map for PHOS:

- Shapers with LG and HG gains for measuring signal energy

- Discriminators for obtaining a time stamp. For each discriminator it was possible to
set an individual threshold

- Time of flight measured by HPTDC

- Block for adjusting the bias voltage for each photodetector

- Card controller made on FPGA.

A prototype map was beam tested at CERN in 2018 and showed good results. In the
same year, the TQDC16 block for 16 input channels, developed in Dubna, was
tested. The input part of the block changed to work with PHOS photodetectors. The

prototypes shown in Fig. 2.



| ®  0'InTHogTaay

— T
T Rt

Figure: 2. Left: a prototype PHOS card for 8 channels. Right: TQDC16.

Based on beam tests, it decided to use both designs for the development of a 32-

channel PHOS card with the participation of specialists from these institutes.

Descriptions of circuit solutions

Energy measurement channel

The particle energy is proportional to the signal amplitude at the output of the
charge-sensitive preamplifier (CSP). Signal parameters:

- Amplitude - 35 mV for a 1 GeV particle

- Signal shape - rise time 30 - 40 ns (depends on the place where the particle hits the
crystal), decay time constant 100 us.

The dynamic range of measured energies can be estimated taking into account that
80% of the registered particle's energy remains in the crystal. Then, at a maximum
energy of 200 GeV, 160 GeV remains in the crystal, and the dynamic range will be
160 GeV /4 MeV = 40,000, which will require a 16-bit ADC. It taken into account that
the registration of particles up to 10 GeV is most probable, also. To reduce the ADC
digit capacity, the measurement range divided into two subranges, which differ in

amplification - high gain (HA) and low gain (NU). It is proposed to use a 12-bit
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ADC, then the energy range measured in the VU channel is 5 MeV - 20 GeV, and in
the OU channel - 40 MeV - 160 GeV.

Thus, there are 64 energy measurement channels on the card - 32 low gain and 32
high gain.
Each channel contains a filter, buffer amplifier, and ADC. The RFP output signal
passes through a filter that increases the signal-to-noise ratio and forms (determines)

the pulse shape. The filter circuit shown in Fig. 3, and the shape of the output signal
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Figure: 3. First order filter with a time constant of 1 us.
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Figure: 4. Pulse shape at the filter output.
Filters of the 1-st order with a formation time constant of 1 us in HG / LG channels
are made on m / s MAX4454 (4 op amps in one case). Two THS4522 differential
amplifiers match the filter outputs to the differential ADC inputs at constant levels
of 0.5 and 1.5 volts and suppress common mode noise.
A parallel (fast) converter used as an ADC, which performs continuous sampling of
input signals with a frequency of 40 MHz, which is synchronized with the LHC
beam crossing frequency. The ADS52]J90 ADC with programmable functions is used.
The operating mode is 32 input channels with a sampling rate of 40 MSPS. Data on
the ADC outputs received in serial form.
The pedestals should have a value of 50 + 10 ADC counts.
Noise sigma of pedestals without connected PCBs should be no more than 0.5 ADC

count.



Time of flight measurement channel

It is necessary to measure the time of flight for various particles in the range from 15
to 17 ns. The measurement error (sigma) for particles with energies of 1 - 2 GeV
should not exceed 0.5 ns. Timeline channel price - 0.1 ns.

The time of flight is measured by the START-STOP method using the m/s HPTDC (High
Performance Time to Digital Convertor), which was developed at CERN. The START signal

comes from the corresponding output of the comparator X2 (Fig. 5). STOP signal arrives
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Figure: 5. Scheme of signal formation Start.

from pulses of synchronization of beams of the LHC (BC - pulses of synchronization
of beams). The microcircuit can operate with 32 input channels with a measurement
error of 100 ps.

At present, CERN has developed a new version of the HPTDC called picoTDC with
improved measurement characteristics. It has a mode of operation with 64 input

channels with a measurement error of 12 ps. The start of production of picoTDC



planned for 2021. The final version of the measurement card will use this particular
microcircuit.
APD Bias Voltage Regulator
Technical characteristics of an avalanche photodiode (APD) individual bias
voltage driver:
1. Adjustment of bias voltage in the range of 200 - 400V
2. The minimum adjustment step is 0.2 V.
3. Noise and ripple at the driver output - no more than 25 mV
4. Temperature instability of the output voltage - no more than 0.1% / ° C
5. Execute control commands from the card controller (CC)
6. Insulation resistance between high-voltage and low-voltage circuits - not less than
20 MQ.
The block diagram described in clause 3 of Appendix 1.
Threshold adjustment unit
The block generates 32 threshold voltages, the value of which set by the codes stored in the
card controller (CC).
The threshold of the voltage adjustment range is 100.

The minimum step for changing the threshold voltage is 1 mV.

10



RRIA
[ TH3
T,
DAY R1B
* :';K_l T THD
WO i e —
RRIC
NOLTI 3 i Ls THI
o TH Lt voumz L2 RRID
T, " 21 s | T 4 15 THo
. et NC our |-& SLAFEFTH 4 | per VOoUT3 ’;I RR2A
fPES 76 2 pow fars) . 147
WOLTS — T
. Freraar=
Jowst | et e Slweb RRIE
J_ vours | % 11 T
L] \ n RR2C
= NOLTG .. . Th
. iz
bl —I RRID
RRIC 1 = THd
SPl SCK TH i1 s I L1
] Pet
i o pouT [ . a0
S DIN TH . R 6| = vaa |2 'T‘ T
E " —
JE‘;-_-":--‘“ = v e @n |8 |('9<: = CHI,
Lls
RO TR | 1 & °
| I | P ECGH TSN 0

=
b

RIDY
5

GND

Figure: 6. 8-channel circuit of threshold formation.

The scheme for adjusting the thresholds for 8 channels is shown in Fig. 6. There are 4
such schemes in total on the map.
Trigger signal generation

The block should carry out analog summation of the output signals of four
charge-sensitive preamplifiers (CSP). The signal shape at the output of the block is
quasi-Gauss with a maximum time of 50 ns. The block output is differential with
constant levels of 0.5 and 1 V. The maximum amplitude of the output signal is 1V.
The scheme described in clause 4 of the Appendix.
Data reading interface - communication with DAQ
The description given in Appendix 1 in section 5 Data reading and control system.
Control interface - DCS communication

The description given in Appendix 1 in section 5 Data reading and control system.
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Voltage, current, temperature measuring unit

The unit designed to measure the output voltages of power supplies located on
the card and their currents. The temperature of the card measured at 3 points.
The voltages and currents of all power supplies on the card are measured. The
power supplies of the card will turn off when the permissible currents and / or

temperatures exceeded.
Low voltage supply voltages

The block diagram of the power supply of the card from low-voltage and high-
voltage power supplies shown in Appendix 2. The number of separate power
supplies is 5 sources with a maximum voltage of 8 V and one source with a
maximum voltage of 15 V. The maximum power consumption for one measuring
channel is no more than 200 mW. Power supplies ZChP + 13V and -6V are located on

the map.

Connectors
2 input connectors - 3M N3372-6202R
Power connector - PHOENIX CONTACT 1776566 (MSTB 2.5 / 8-GF-5.08-1776566)
RJ45
JTAG
Summed signal output - FTSH-108-01-L-D-RA
Owerall dimensions of the board
210 x 353 mm2
Compatibility requirements
The developed measuring electronics must be compatible with
- slow control systems (DCS) of the ALICE experiment,
- trigger system ALICE (see clause 9 of the Appendix),

- systems of low-voltage and high-voltage power supply of PHOS.

12



Reliability requirements

The duration of failure-free operation of the PHOS electronics is 10 years under
the conditions of experiments with an increased luminosity of the LHC.
Design requirements

The mechanical design of the boards on which the developed PHOS electronics is
located must repeat the mechanical design of similar boards of the existing PHOS
electronics.

There should be no magnetic components or inductances on the card.

Radiation load requirements

Due to the low radiation background at the location of the measuring electronics
cards, there are no requirements for radiation resistance to the used electronic
components.
Project timing
By the end of 2020, 2 cards made for adjustment, control measurements in the
laboratory. Based on the results obtained, changes made to the design

documentation.

The Appendix contains a brief description of the PHOS device so that the developer
can get an idea of the location and operating conditions of the measuring electronics.
Preliminary several photos showing the location of the cards inside the module and

connecting wires for supplying power supply, reading data and programming.
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Figure: 8. View of the module without a cover from the side of the cards.
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Figure: 9. Module with closed lid. All connections to the cards from the outside
made through sealed flanges.
Appendix 1
Description of the photon spectrometer PHOS ALICE
Introduction
Photon spectrometer (PHOS) is a high-resolution electromagnetic calorimeter [1].
With the help of PHOS, the following studies carried out:
- Investigation of the initial, hottest, collision phase by measuring direct single
photons and direct di-photons.
- Determination of the initial temperature of a bunch of hot and dense matter
formed in a collision by measuring the spectrum of thermal photon radiation.
- Determination of the space-time dimensions of the bunch by measuring the

Hanburry-Brown and Twiss correlations for direct photons and neutral pions.
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- Study of the jet-quenching phenomenon by measuring single photons and

neutral pions with high transverse momenta.

The PHOS detector device consists of four identical modules located inside the L3
magnet of the ALICE experiment. A scintillator based on lead tungstate crystals
PbWO4 with a radiation length of 0.89 cm and a Moliere radius of 2.19 cm used as a
detecting material (radiator). The crystal light output has a temperature dependence
of 1.9% / ° C at room temperature and grows with decreasing temperature. So, in
order to increase the light yield, the crystals cooled to a temperature of -25 ° C,
which should have an instability of 0.1 © C. Crystals with dimensions of 22x22x180
mm with the orientation by their ends 22x22 mm to the recorded radiation flux are
used in PHOS. A photodetector glued to the opposite end of the crystal using special
optical glue. When a high-energy photon hits the crystal, it creates an electron-
positron pair. This pair begins to decelerate, gives rise to the so-called
bremsstrahlung photons, and the photons again generate pairs - an avalanche
process begins - an electromagnetic shower. The shower converted into a flash of
light in scintillation crystals. Opaque walls of cellular structures exclude light
rescattering between crystals. However, there is a leakage of an electromagnetic
shower into neighboring crystals. Therefore, only 80% of its energy recorded in the
crystal into which the particle has fallen.

1. Mechanical design of PHOS

An array of 3584 (64x56) detector channels, measuring electronics and a monitor
system housed in a sealed case with dimensions of 1734x1590x757 mm3. The module
casing has cold and warm zones, separated by heat-insulating structures. A single

mechanical assembly of the detector channels is a honeycomb of 2 x 8 cells. A single
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detector channel and a mechanical assembly of 2 x 8 detector channels shown in Fig.

1 a) and b), respectively.

Figure: 1. Single detector channel a), assembly of 2 x 8 detector channels b).
The mechanical assembly consists of a honeycomb structure made of stainless steel
sheet, in which crystals are located. A housing is welded to the honeycomb
structure, in which printed circuit boards are located, connecting cards, through
which charge-sensitive preamplifiers (CSP), located in a cold volume, are connected
with readout electronics in a warm volume. Studs screwed into the housing, with the
help of which the mechanical assembly attached to the refrigeration panel.
A HAMAMATSU S8148 avalanche photodiode (APD) with a photosensitive
window size of 5 x 5 mm2 and a parasitic capacitance of about 80 pF at a bias voltage
of more than 200 V used as a photodetector. The APD gain is 50. The APD soldered
into the PCB board and glued to the crystal using a special optical glue. In fig. 2
shows the layout of the crystals and readout electronics in the module. The top of the

tigure shows the mechanical assemblies that attached to the refrigeration panel. Next

17



is the layer of thermal insulation, and behind it are the cards of the reading

electronics.
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Figure: 2. Diagram of the arrangement of crystals and readout electronics in the
module.

2. Card of measuring electronics of PHOS

The measuring electronics of the PHOS built using a specialized microcircuit ALTRO
[2]. ALTRO contains 16 measurement channels, each of which consists of a parallel
10-bit TSA1001 ADC developed by ST Microelectronics. In addition, each channel
contains circuits for digital signal processing, circuits for constructing output codes,
which read by the ALICE data acquisition system and a control unit. Besides digital
signal processing, ALTRO has a zero suppression function. When this function
enabled, zero codes obtained after subtracting the baseline not transmitted to the
data collection system, which reduces the amount of accumulated information. For
correct reconstruction of the waveform, the numbers of zero codes in the signal
sample written into a special data block with service information.

One PHOS module contains 112 measuring electronics cards. Each card connected to

32 detection channels. Because the dynamic range of measured energies is 80000

18



MeV /5 MeV =16000, and the ADC has only 1000 quantization levels, then two
channels with a gain ratio equal to HG / LG =16 are used. The view of the map of the

measuring electronics and the location of the main functional elements on it shown

in Fig. 3.
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Figure: 3. Card of measuring electronics for 32 detecting channels.
It contains 64 filters with high and low gains, 32 bias voltage regulators for
avalanche photodiodes, 4 multifunctional ALTRO microcircuits, 8§ summing
amplifiers that generate signals for a trigger, a control unit and stabilized power
supplies. The board has a size of 210 x 353 mm2 and contains 10 layers [3]. The
multi-layer design of the board explained by the need to minimize interference from
digital to analog circuits. For the same purpose, the separate power supplies for
analog and digital circuits used. The power dissipation of all circuits on the board is

5.6 watts. Since the boards are located in a closed volume of the module case, water-
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cooling used. The water flows through copper tubes soldered to copper shields that
attached to either side of the board.

3. Formation of bias voltage APD

The codes that determine the bias voltage values and therefore the APD gains are
stored in the slow control system (DCS) database. The DCS connected via Ethernet to
a read-write control unit (SRU), which in turn connected to the CC via the P2P bus.
KK contains 32 ten-bit registers in which codes from DCS written. The writing of
codes to the DAC carried out using the SPI protocol, which carried out by a
functional block located in the CC. The QC and DACs connected via the data bus as
shift registers, using the Daisy Chain protocol, which significantly reduces the
number of data bus wires.

In fig. 4 shows the connection diagram of the DAC with the controller board (PCM).
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In fig. 5 shows a circuit for generating an APD bias voltage.
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4. Trigger signal formation circuit
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In fig. 6 shows a schematic diagram of the summation of 2x2 signals, which consists
of the summation circuit itself and an output signal driver with a differential output.

5. Data reading and control system

21



The data reading system based on the parallel reading of all FEE cards via an
independent DTC channel [3]. The receiver is an SRU (scalable readout unit). The
SRU allows independently connect up to 40 FEE cards using RJ45 connectors. TTC
trigger signals sent via an optical cable to the TTC link.

The architecture of the data reading system shown in Fig. 7. A mezzanine DTC card
added to each FEE card (designated FEE1... FEE40) to enable communication with
the SRU. SRU and FEE cards controlled via UDP network protocol by connecting
SRU to ALICE DCS local area network. Communication in DAQ goes through one or
two DDL channels, depending on the requirements for data reception speed. For the
FOS spectrometer, the following detector segmentation is used: 8 branches, each
reading 14 FEE and 1 TRU (trigger card). Thus, one PHOS module is read by 4 SRUs,

and one SRU will have 30 DTC input channels: 28 FEE and 2 TRUs.
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Figure: 7. Functional diagram of the data reading and synchronization system.
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In fig. 8 shown the connection diagram of the measurement card and the SRU, and the signals

transmitted over the communication lines. The pin assignments on the RJ45 connector

shown.
DTC_CLK (40 MHz clock) !
DTC_TRIG (80 Mbps cmditrig) | FEE =
SRU DTC_DATA (80 Mbps data) or 2
DTC_RETURN (80 Mbps data) TRU :
Figure: 8.

The SRU transmits the following commands and signals to the Meter Card via
DTC_TRIG communications:

1. Triggers

2. Quick commands

3. Slow commands

4. 40 MHz bunch crossing pulses (DTC_CLK).

Trigger LO transmitted by one 12.5 ns pulse with a DTC_CLK synchronization pulse

on the positive ed

- ck st1 |

ge (Fig. 9).

—_— R

Figure: 9.

Trigger L1 transmitted by two pulses with DTC_CLK synchronization pulses on the

positive edge (Fig. 10).
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Figure: 10.
Fast commands are transmitted in 8-bit word, most significant bit first, with

DTC_CLK synchronization on the falling edge. An example of transmitting the word

8'hE2 shown in Fig. 11.

Figure: 11.

Description of quick commands given in Table 1.

Table 1.

Fast command | Coding | Description

RDOCMD OXE2 | Readout command, ask FEE/TRU readout ALTRO and transmit event data to SRU

SCLKSYNC OxE4 | Ask FEE to reset sampling clock divider

RIECTCMD OXEA | Reject the event command (related to L2r trigger), ask FEE/TRU to discard the associated event data stored in the ALTRO buffer,

RSTCMD OXES | Reset TRU/FEE, asserts “reset” pin of ALTRO on FEE.

STREQ OXE9 | Ask FEE/TRU to send its status (The Status Frame) to SRU

ARDOEND OXEF | TellTRU that ALTRO readout in FEE is finished (ALTRO readout starts after FEE receives RDOCMD).

Slow instructions write and read registers. Slow command structure:

OxE1 (header 8 bits) + Reg_Adr (32 bits) + Reg_Dan (32 bits).

The most significant bit is transmitted first, synchronization on the negative edge of
DTC_CLK.

- Address bit [31]: write / read operation flag. "0" - write, "1" - read

- Address bit [30]: “0” - FPGA register; “1” - ALTRO register

- Assignment of other bits of the Address register at the discretion of the developers.
In fig. 12 shows the oscillogram of the command for writing the number 0x12436587
to register 0x60:

{8'hE1, 32'h0000_0060, 32'h1243_6587}.
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Write 021436587 to Reg 0x60 on FEE card: {§'EL, 32'h0000 0060, 3201243 6587, MSA first, sent during negative period of DTC (LK

Figure: 12.
7. Format of Response and Event data.
Data from the card to the SRU transmitted over the DTC_DATA and

DTC_RETURN lines, with a transfer rate on each line of 80Mbps (Fig. 8).

Bit order of 16 -bit word, LSB first, 40 MHz DDR mode
DTC_DATA Bit0 | Bit2 Bit4 Bit6 Bit8 bit10 hit12 bit14
DTC_RETURN | bitl | Bit3 Bit5 Bit7 Bit9 bit11 hit13 bit15

Frame structure:

Status: One header (0xDCDC) followed by a 16 bit status word:

* Status bit [15] - summary error flag: 0 = card is operating normally; 1 = failure

* Definition of other status bits at the discretion of the developer

Answer: one header (0xF7F7) followed by the address and data (16 bits high of the
address, 16 bits low of the address, 16 bits high of the data, 16 bits of the low data).
Event: one header (0xX5C5C) followed by the Event data and an end of Event flag
(0xC5D5 C5D5 C5D5 C5D5).

¢ the length of the event data can be variable, depending on the size of the event

* the event frame must not contain an event length word.

Example: SRU sent command to read register 0x20 on card, card sent Reply and

Status to SRU.

@ dtc_dk St0 l | LN 1 LU | | | L
[+ B f7f7 __ J8000 _ Jod20 _ jodoo 040 )bd50 | Jdddc __ Jodoo

Answer: 0xF7F7 (header), 0x8000_0020 (Read command and register address),

0x0000_5040 (register contents 0x20).
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Status: 0xDCDC (header), 0x0000 (status).

Example: sending an event and status

& Bl Jaos Fn oy [ KR B o0 B ks bl Tk [0 bed

Frame construction rule:

1.between two frames there must be at least two 0xBC50 sync words

2.after each Response and Event, there should be a Status

3. example of building a frame:

0xBC50,0xBC50, Response, 0xWC50,0xWC50, Status, 0OxWC50,0xWC50 ... Event,

OxWC50,0HWC50, Status, 0xWC50,0xWC50...

8. Data format
The data format is 32 bits. If there is not enough data for 32 bits, then 0x00 added.
DWO... DWO9 - 10 bits of the word read from ALTRO. The data structure with

explanations shown in Fig. 13.

31 3029 2019 10 9 1]

01| E | Altro channel header 1 ALTRO Channel Header Format
00| DW9 DW8 DW7 Bit location Meaning

00| DW6 | DW5 | Dw4 [11:0] “Hard Add” from 40-bit ALTRO data

) Ds | PyE | Bl [15:12] | Reserved = “0000"

00| DWO

[25:186] “#10-bit w” from 40-bit ALTRO data

atl E | Altro channel header 2
00| Dw4 DW3 DW2

[28:26] Reserved = 000"

E: Channel Error Bit, set to ‘1" when a a mismatch for

00| DwWH1 DW2

[29] channel address or word count is detected. FEE will correct
01| E | Altro channel header 3 the corresponding info field.
00] Dws3 | Dw2 I DW1 [31:30] Mark: “00" : Payload; “01” Header.

Figure: 13. Data structure.
9. Trigger system ALICE: organization of measurements for the period Run_3
* The central trigger processor (CTP) ALICE in Run3 will send a sequence of flip-

flops LO and L1 to PHOS.
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* L0 trigger is generated by ALICE trigger detectors (FIT, EMCAL, PHOS, MUON)
and arrives at the CTP with a delay of 1.2 us after the collision of beams. CTP
distributes this LO trigger to the modules for reading data from detectors with not
updated architecture (ACORDE, CPV, EMCAL, HMPID and PHOS). The minimum
delay for the arrival of the L0 trigger to the detectors is 1.4 ps.

e Trigger LO accompanied by a message carrying the identification of the event -
orbit number, bunch crossing number, and trigger type.

* L1 generated by trigger detectors EMCAL, PHOS, TRD and arrives at CTP with a
6.1 ps delay. CTP distributes the L1 trigger to the modules reading the detector data
with not updated architecture. If the trigger detectors do not generate an L1 trigger,
then the CTP sends its L1 trigger, generated by the internal CTP generator.

The PHOS data readers receive trigger signals from the CTP and send them to the
FEE of the card. Upon arrival of L0, the PHOS data reader sets the "busy" flag, which
transmitted to the LTU trigger module to block the sending of the next triggers until
the event is processed and sent to the DAQ. According to the LO FEE trigger, the
cards store the data in the ALTRO memory buffer, and when the L1 trigger arrives,
they transfer them to the data reading modules. The absence of the L1 trigger from
the CTP means the cancellation of reading the event caused by the LO trigger.

* The data readers form the data collected from the FEE cards into an event that
begins with a common event header containing the event identification as reported
in the CTP message. The generated event sent to the DAQ by the L1 trigger.

CTP also generates a periodic HB (heartbeat) trigger with an interval of 89.4 us,
which is necessary to synchronize events read by continuous reading detectors and
detectors with not updated architecture. PHOS data readers, having received an HB

trigger, must generate a special event and send it to the DAQ. If an HB trigger

27



arrives while processing a previous event while the "busy" flag is set, then the data
readers should schedule a response to receive an HB trigger immediately after

processing the previous event.
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Appendix 2 Card power circuit
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NCCIIEAOBAHHUE BO3MOKHOCTH
MOAEPHU3ALINUN CUCTEMbI
CYUTBIBAHUA AJIA
AJIEKTPOMATI'HUTHOI'O KAJIOPUMETPA
PHOS ALICE

(YuacTue OUSIN)

Omuem o evinoanenuu npoekma 6 2019-2020 2.

OO0ocHoBaHMe NpoeKTa

Kaptel u3mepurensHoit snexktponukn PHOS HeoOxonmmMo MoaepHU3MpPOBAThH 10
CJIEIYIOIUM TPUYHNHAM |

- YBEJIMYEHUE TUHAMUYECKOro Auana3ona sHepruii 1o 200 1B,

- YBETTMYEHUE CKOPOCTH CUETa B M3MEPUTEIHLHBIX KaHAJIaX,

- HEOOXOIMMOCTh U3MEPSTH 00JIee TOUHO BpeMsI IIpoJIeTa,

- CTapeHHe 3JIeMEeHTHOM 0a3bl U T. 1.

VYBenuueHne CKOpPOCTH CyYeTa U PaclIMpEeHHEe AMHAMUYECKOTO Iuana3oHa MO3BOJIMT
MOJIHOCTBIO BOCIIOJIB30BAaThCSl BBICOKOrpaHyJupoBaHHOCThIO PHOS u  BBIMOTHUTE psn
U3MEpEeHul, TaKUX KaKk U3MEpPEHUE CHEKTPOB UACHTU(DUIMPOBAHHBIX HEUTPAIbHBIX MHOHOB,
3Ta-, ¥ OMEra-Me30HOB U NPSIMBIX ()OTOHOB C MMOMEPEUYHBIMU UMITYJIbCaMH, 6obIumu 50-100
3B, a Takkxe U3yuuTh KOppersiuu 3Tux dyactuil. Ilostomy, npempraraercs B 2019 — 2020 rr.
BBIMNOJIHUTH IPOCKTUPOBAHUE IPOTOTUIIA KAPTHI CUYUTHIBarONIEH 3nekTpoHuku PHOS.

3a 2014 — 2016 rr. uWcciemoBaHbl pa3IMYHbIE (POTOACTEKTOPHl M IOTYYCHBI
oOHaje)kMBaloOIIUe pe3yabTaTel. Hampumep, mo pe3yabTaTaMm MOCIEAHEr0 HCIBITAHUS Ha
nyukax PS u SPS B LIEPH mnokazano, uto ¢ APD c pasmepom okna 10x10 mMm2 mpu
temrieparype +17.5 °C nmoiydeHo sHepreTuyeckoe pasperieHue He xyxe, yem ¢ APD 5x5 mm2
mpu Temreparype -25 °C. Hcrnonp3oBaHuEe HCCIEAOBAHHBIX (POTOJETEKTOPOB MO3BOJIMT
oTkazaTecsi OT oxnaxiaeHuss PHOS, ocTtaBuB TepMmocTabHIM3alUI0 TPHU  TUIFOCOBOM
TeMIieparype. 3To CylIIeCTBEHHO YIIPOCTUT OOCITyKMBaHHE JETEKTOpa — A7l pEMOHTAa HE HAJ0
OyZeT KaXIplii pa3 Bce pa3dupaTh M BBIHUMATh MOJYJIM Ha MOBEpPXHOCTh. [Ipu sTOoM
W3MEHEHUST KOHCTPYKIIMU MOAYNs OyayT MUHMMaibHbIMHU. Mcxonas u3 3Toro, paszpaboTka
HOBOM KapThl M3MEpUTETbHOU 31ekTpoHUKH PHOS sBisieTcs morndeckum MpoaoKEHHEM

HayvaThIX padoT.
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Takum 00pa3oM, LENbI0O MOJEPHU3ALMU SBISETCS YAy4IIEHHE HM3MEPUTEIbHBIX
xapaktepuctuk PHOS B ycnmoBusix mnoBbimeHuss cBetumoctd BAK u  yBennyenus
MaKCUMAaJIbHOW SHEPTUU PErUCTPUPYEMBIX (POTOHOB:

- ViydiieHne u3MepUTENbHBIX XapaKTEPUCTHK JeTeKkTopHOro ycrpoiictBa ®OC nocturaercs
3a CYET paCUIMPEeHMs IWHAMMYECKOrO Auana3oHa H3MEpPSEMbIX SHEPIMi W IOBBILICHUS
TOYHOCTH IIPY U3MEPEHUH BPEMEHH IMPOJIETA;

- lloBblieHre OBICTPOJEHCTBUS H3MEPUTENIBHON JJIEKTPOHUKH JIOCTHIaeTcsl 3a CYeT
COKpAIIEHUS] Bp€MEHU U3MEPEHMSI U CUMTHIBAHUS TaHHBIX;

- Hcnonb3oBanne HOBOM aneMeHTHOU 0a3bl. CyllecTByromiasi U3MEepUTENIbHAs AIEKTPOHHUKA
PHOS pazpaborana B 2004 T. ¢ MpUMEHEHHEM CTIeUATN3UPpOBaHHON Mukpocxembsl ALTRO,
KoTopasi 00JIbIlle HEe MPOU3BOAATCS, KaK M OOJBIIMHCTBO KOMIIOHEHT, MCIOJIb30BaHHBIX MPU
W3TOTOBJIEHUH 3THUX KapT.

PesynbraTroM mnpoekTta sBisfeTcs pa3paboTKa KOHCTPYKTOPCKOM JOKYMEHTAIMH
npototuna 32 kaHambHOW W3MeputenbHOW Kaptel PHOS wm mpowmsBoacTBo 2-X KapT s

IMPOBCACHUA TCCTUPOBAHM.

OcHOBHbBIE XapaKTepUCTHKH pa3padoTranHoii kapTbl PHOS

HoBas kapra nomkHa 3aMeHUTh CTapyio 0Oe3 MepeleNkKu COeAMHHUTEIbHBIX MPOBOJIOB,
nuieidoB u wumHTepdeiica DAQ u DCS. Heobxoaumo HCIOJB30BaTh CYIIECTBYIOIIHE
ucrounuku nutanus. Kparkoe omucanue PHOS npuBeneno B Ilpunoxenuu. biok cxema

KapThbl ITIOKa3daHa Ha puUcC. 1.
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' Connectors
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Puc. 1. brok cxema paspaboranHoit kaptel PHOS.

Texnuueckue xapakTepUCTHKU:

- 32 BXOJHBIX KaHana,

- U3MepeHue dHepruu B auanazone S MeB — 200 [3B;

- paspsimaocTh ALIIT 12 6ut, yactora quckperusamuu curnaia 40 MSPS;

- u3Mepenue Bpemenu mnposieta Crapt-CTon METOI0M € OTPEIIHOCThIO He Xyxke 100 1c;

- UHJIMBU/yallbHAs PEryIMPOBKA HANPSDKEHUS CMEILEHUS JTaBUHHBIX (DOTOIUOIOB;

- UHJIMBU/yallbHAas pEryIMPOBKA MOPOTOB B KaHaJIaX BPEMEHHOU MPUBSI3KH;

- hopMHpOBaHUE TPUTTEPHOTO curHaia aist cucteMbl PHOS Tpurrep;

- KOHTPOJIb AJICKTPUYECKUX U TEMIIEpaTypHBIX ITapameTpoB KapThl o ctanaapty ALICE-DCS
- yteHue nanubix no ctanaapty ALICE-DAQ.

OCHOBY M3MEPUTEIBHON AIIEKTPOHUKU MOIYJISI COCTAaBIIIOT JBEe MUKpocxembl ALIIT
ADS52J90 u mukpocxema Bpems-mudposoro npeobpazosanuss HPTDC (High Performance
Time to Digital Converter). Kaxuapiit ALIIT HacTparBaeTcsi B pEKUM OL(PPOBKU 32 KaHAIIOB C
1aroM AMCKpeTH3auuu 25 Hc U paspsaHocTeio B 12 6ut. Mukpocxema HPTDC Oyner
paboTath B pexumMe ouppoBku 32-X kaHaIoB ¢ pazpemeHueM 100 mc.

Curnan ¢ naBMHHOTO (HOTOAMO/A MPOXOIUT yepe3 BXOAHOH Oydep u mocie 3Toro
noctymnaer Ha oudpoBKy AByms kaHanamu ALl u omnum kananom HPTDC. [lng oxxoro
kanana ALl ucnons3yercs GopMupoBaTeslb C BBICOKUM YCHJICHHEM, a Ui JAPYroro — C
Hu3kuM. Ilepen mukpocxemoit HPTDC crout nuckpumuHarop, Ha KOTOPbIH NOJaETCsl CUTHAI
¢ BxoiHOTO Oydepa yepes auddepeHInpyouIyo enouky. Takxke ¢ BXoJHoro Oydepa curHan
nosaércs Ha OJMH M3 YETHIPEX BXOJOB CYMMHUPYIOIIErO YCHIIUTENs, KOTOPBIH (opMHUpyeT
curHai Juist TpurreprHoi kaptsl (TRU).
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s xoHTposuiepa Moayas mpexamnoiaraercss ucrnonb3oBath FPGA XC7K160T dupmsl
Xilinx. KonTposuiep MOayJIst BEITIONHSET CIEAYIOUIUE ()yHKIIUH:
cOOp JaHHBIX C U3MEPUTEIBHBIX MHUKPOCXEM;
nepeaaya JaHHbIX;
yIIpaBJIeHUE HAPSHKEHUEM CMEIEHHS JUIs JIaBUHHBIX (DOTOAMOIOB;
CJIEKEHHUE 3a TEMIIEPATYPO MOYJIS;
yIIpaBJIEHUE U CICKEHUE 33 HAPSHKECHUSIMUA ¥ TOKAMH HCTOYHHKOB ITATAHHSI JIABUHHBIX
(h0TOIMOIOB M U3MEPUTEIEHBIX MUKPOCXEM;

YCTaHOBKaA MOPOroB I AMCKPUMHUHATOPOB.

[epenaya qaHHBIX U yIIpaBIIEHHE MOJYJIEM MOXKET OCYIIECTBIIATHCS 100 1o kaHairy DTC,
60 o 10G Ethernet. Kanan DTC takke ucnonb3yeTcs Uis epead TPUrTepa i CHCTEMHOM
TakTOBOM yacTtoThl 40 MI'11 HA MOTYITB.

st ooHoBIIeHUs pomuBkd FPGA uncnons3yercst mubo pazsém JTAG wmm kanan 10G
Ethernet. [Ins o6HoBeHus npomuBku o 10G Ethernet 8 FPGA yxxe momkHa ObITh 3anucaHa
MIPOIIMBKA, TIOICPKUBAIONIAst JAHHYIO (DYHKITHFO.

W3mepenne TtemmepaTypbl KapThl TPOW3BOIMTCS B HECKOJBKHX MECTaX C MOMOIIBIO
mukpocxeM DS18B20U. [Ins m3MepeHus HanpsDKEHHUS W TOKOB HCIIOJIB3YETCS MHKpOCXeMa
INA226.

Ha xapte ycranosnenst 4 LEMO pazséma ansa npuéma unu nepenaun curHanos LVTTL
110 KOAKCHAJIbHOMY KaOento. JlaHHbIe pa3bEMbI IpeIHA3HAUYEHBI JUI TECTUPOBAHUS MOIYJIS.

IIpenbicTopusi - TPOTOTHII KAPTHI HA § KAHAJIOB

Lenwro pazpadoTku ekTpoHHOH KapThl @OC Ha 8 BXOHBIX KaHAJIOB OblJIa TPOBEpKA:
- CXEMHBIX PEIIEHUH C UCI0Ib30BAaHUEM HOBBIX IEKTPOHHBIX KOMIIOHEHTOB
- pacrnoJIoXeHus! PyHKIMOHAIBHBIX OJIOKOB Ha IUIaTe
- Metoa TpaccupoBkd GND 1nosimroHoB 115 nosyueHus MUHUMaJIbHBIX HaBOJIOK.
Kapra coneprkana Bce O110KH, KOTOpbIe HEOOXOAUMBI JUIs IPOEKTUPOBAHUS KapThl Ha 32 A
DOC:
- maiinepsl ¢ ko3ddurmentamu ycuwienust LG and HG a1t usmepenus sHepruu Curiaia
- TUCKPUMUHATOPBI Ul HNOJY4YEHUs BPEMEHHOW OTMETKHU. [l KaXKAoro JMCKpUMUHATOpPA
Obl1a BO3MOXHOCTb YCTAaHOBKHM MHJMBHIyallbHOTO IOPOTa
- Bpems npoJieta usmepsiiioch HPTDC
- OJIOK /7151 peryaupOBKU HaNpPsKEHUsI CMELICHUS TS KaKJI0T0 (POTOAETEKTOpa
- KOHTPOJUIEp KapThl, BBINOJIHEHHBIH Ha FPGA.

IIpototun kapthl Obl1 ucnbIiTad Ha mydke B [IEPH B 2018 r. u mokasan xopouue
pe3ynbTatel. B 3ToM ke roxy Obutl ucmbeiTaH 610k TQDC16 Ha 16 BXOAHBIX KaHAJOB,
paspaboranuslii B Jlyone. [t pabotel ¢ poToaerexkrapamu PHOS BxonHas yacts Ooka Obliia
n3MeHeHa. BHemHuil BU1 NpoTOTUIIOB MOKa3aH Ha pUcC. 2.
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Puc. 2. Cnesa: mpototun kaptel PHOS Ha 8 kananos. Cnpasa: TQDC16.

OCHOBBIBasICh Ha IMYYKOBBIX HUCIBITAHUSX OBUIO MPUHATO PEIICHUE HCIIOIH30BaTh 00€
KOHCTpyKImH 1751 pazpadotku PHOS kaptel Ha 32 kaHana ¢ yyacTHEM CIIEUAIMCTOB U3 3TUX
WHCTUTYTOB.

OnucaHusi CXeMHBIX pelIeHui

Kanan uszmepernus snepauu

OHeprusi 4acTHIlpl IPONOPIMOHAIBHA aMIUIMTYJ€ CUTHaJIa Ha BBIXOJE 3apsa0BO-
gyBcTBUTEIRHOTO Tipenycumtens (3UIT). [Tapamerps curnana:

- Ammuutyna — 35 MB s wactuner 1 I'HB

-  @opma curHaia — Bpemsa Hapactanus 30 — 40 HC (3aBUCHUT OT MecTa MOTAAaHHS

YacTHUILIbI B KPUCTAJLT), HOCTOsIHHAA BpeMeHH crajga 100 Mkc.

JIluHaMU4YeCcKHil NHUANa30H HU3MEPSEMBbIX SHEPrUid MOXKHO OLEHUTh Y4YUTBIBAs, 4YTO B
kpucrtaiie ocraercs 80% >3HeEprum perucTpupyeMoi yacTuupl. Torna mpu MakCHUMallbHOM
sneprum 200 I'3B B kpucramie ocraercsa 160 I'3B, a nunamMuueckuit quanaszon coctaBut 160
IB/4 MsB = 40 000, uto notpedyet 16 pazpsanoro ALIIL. HeoOxoaumo Takke y4ecTb, 4TO
HaubOonee BeposTHa peructpanus yactuil 1o 10 IB. [{ns ymensienus paspsaHoctu AL
JMarna3oH U3MEepeHuil pa3buBaeTcs Ha JBa MOAMANAa30Ha, KOTOPbIE OTJIMYAIOTCS YCUIICHUEM
— Bbicokoe ycuneHue (BY) u Huskoe ycunenune (HY). Ilpemmaraercs wucmonb3oBath 12
paspaaaslit ALL, Torna auana3oH sHeprui, u3MepsieMslil B kanane BY pasen 5 MaB — 20
I'»B, a B xanane HY — 40 MsB — 160 I'3B.

Takum oOpa3om, Ha KapTe pacnofiaraercs 64 KaHana U3MepeHus YHeprun — 32 KaHaia
C HU3KUM yCUJIEHUEM U 32 KaHaja ¢ BBICOKUM YCUIICHUEM.
Kaxpiii kanan cogepxut ¢uiibTp, oypepusiit ycunurens u AL BoixoaHoit curuan

3UII npoxoaut yepe3 (GUIbTP, KOTOPHIH MOBBIIIAET OTHOIIEHHE CUTHAJI/IIYM U (OpMUpPYET
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(ompenensier) dpopmy ummnynbca. Cxema GuiabTpa mokasaH Ha pUC

CUTHaJIa Ha puc. 4.

R?

2k

. 3, a ¢hopMa BBIXOJTHOTO

2 A TH3452) .
e WA Maxus 1G INT ® TS0 BN ===y I R, 100 oUT 1G P e
Vriefl 3] oo PatA j)E
. ., A . - _ !
] < it - 3 ?DOLTA 1 Ve ® k. 3w our b4 R 100 i OUT 16 ¥ —
T B! U‘p o e o | Ve Voo 4 veeml Vel |12 Vee l
u 2 Vee Ve ® 701 veo el g . ,
= e Mowmbd No L1 o= e & c
1002 loos 30p ] 330p
R, 402 R %
fod 1003 Hes) sclp 56D sGi
c 1500
R %
LY wB THS452) .
2t WB _ Maxus HG INT ® k. 6 =7 Il R, 100 OUT HG P o
25k Vel 5[ oo FamE i :DE o2 OUT_HGF
., el S oo - , — .
= R al _:l>0UTB - V) R? w1k o I T oun2 12 L L] DUIEHGH GUTHEG N
o T B Vom b w2 Vee
! ec 3 = . 2 o~ -
— Vee Mol No Lx27] Y= J_U LG C
g -
Tl LEE 100 )
12 R, %

SGND SGND  SGND

Puc. 3. ®unbTp nepBoro nopsiaka ¢ NOCTOSIHHON BpeMeHU 1 MKC.

| Run 2431, Samples 008, event 10 | hSamples008
Nent =
Mean = 83.82
400 m RMS = 79.36
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Puc. 4. ®opma nummynbca Ha BbIXOJE (QUIIBTPA.

@unpTpel 1-0ro nopsaka ¢ MOCTOSHHOM BpeMeHH (opMHpoBaHUs 1 MKC

. B kananmax HG/LG

BbINOJTHEHBI HA M/c MAX4454 (4 OV B ogHOM Kopityce). Ba auddepeHnanbHbIX yCHIIUTeNs

THS4522 cormacyror BbIXOAbl (uiabTpoB ¢ auddepeHumansupiMu  Bxogamu ALl ¢

MOCTOSIHHBIMU YPOBHAMU 0.5u 1.5 BonbTa u IO AaBJIAIOT CI/IH(ba3HLIC IIOMCXH.

B xauectBe ALIIl wucnonb3yercss mnapamienbHblil (ObICTpBIN) mpeoOpa3oBaTens,

KOTOPBII OCYILECTBIISIET HEMPEPHIBHYIO BHIOOPKY BXOJHBIX CUTHAJOB ¢ yactotoi 40 MI',
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KOTOpasi CUHXpPOHU3HMpOBaHa ¢ 4acToToi mepeceueHus nyukoB bBAK. Hcnonbsyrorcs ALIT
ADS52J90 ¢ mporpammupyeMbiMu QyHKIHsIMHA. BbiOpan pexxum paboTsl 32 BXOJHBIX KaHaIa
¢ gactoroii muckpermzammu 40 MSPS.  Jlanaeie Ha BbIXOAel AIIll moctynmaror B
MIOCJIEJOBATEIILHOM BU/IE.

[Isenectansr momkHB UMeTh 3HaueHue 50 10 oTcueroB ALIII.

Curma mrymoB nbeaectanioB 6e3 nmonakiaroueHHbIX 3UIT momxHa ObiTh He Ooubmre 0.5

otcuera ALIIL.

Kanan usmepenus epemenu nporema

Heobxomumo u3smepsaTs BpeMs mposieTa Juis pa3IuuHbIX 4acTUIl B JUamna3oHe oT 15 1o

17 ve. Ommbka n3Mepenus (curma) uist yactuil ¢ sHeprueit 1 — 2 ['9B He nomkHa npeBpIaTh
0.5 uc. Ilena xanana BpemeHHOM nkaisl — 0.1 HC.

Bpewmst mponera usmepsiercsi CTAPT-CTOIT meromom ¢ momomsio m/c HPTDC (High

Performance Time to Digital Convertor), koropast pa3paborana B IIEPH. Curnan CTAPT

MOCTYIAET C COOTBETCTBYIOIIECTO BbIX01a Kommaparopa X2 (puc. 5). Curunan CTOIT noctymaer

REF3012

GND

C4 10n CM J_ =
| —
R3
/ 820

_ R7
' 1k
5 ::
56p *
Cs
10n
X2 ADCMP553
1L |
A —AW L WA
c1 R2 - 100
10n 1k 10n R5
2.4k
THR

Puc. 5. Cxema popmupoBanus curnana Crapr.
OT UMMYNbCOB cHUHXpoHM3aIMu NydkoB BAK (BC — uMmynabchl CHHXpOHHU3AIMM ITyYKOB).

MI/IKpOCXCMa MOXKET pa6OTaTL c 32 BXOJAHBIMU KaHaJIaMH IIpU 3TOM OIIMOKA HU3MCPCHUMA

cocrasizeT 100 mc
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B nacrosimee Bpems B LIEPH paspaborana noBas Bepcus HPTDC c na3Banuem
picoTDC c ynyulieHHBIMH U3MEPHUTEIBHBIME XapakTepucTukamu. OHa UMEET PEIKUM PabOTHI
¢ 64 BXOIHBIMH KaHalamMu C OIMOKO# m3mepenus 12 nc. Hauamo mpoussonctea picoTDC
wianupyercss Ha 2021r. B OKOHYaTeNbHOW BEpPCHM W3MEPHUTEILHOW KapThl Oyzer

HCII0JIb30BATHCA UMCHHO 3Ta MUKPOCXCMaA.

Birok pezynuposxu nanpsascenus emewerus APD

TexHuueckre  XapakTEepUCTHKH  (HOPMUPOBATENST  HHIUBUAYAIbHBIX  HANPSKECHHUHA
CMeEIIIeHUs JaBUHHBIX (poTo o108 (APD):

1. PerynupoBka HampspkeHUs cMenieHus B quanasone 200 — 400B

2. MuHHManpHBIN mar perymuposkd - 0,2 B.

3. Lyms! u myapcanuy Ha BIxoje hopmupoarens — He 6oiee 25 MB

4. TemnepaTypHasi HECTAOMJILHOCTh BBIXOJIHOTO HampsbkeHust — He 6ousee 0,1%/°C

5. BbInosHATE KOMaH/IBI yIIpaBiieHus 0T KoHTpouiepa kapThl (KK)

6. ComnpoTHBII€HHE M30JISLMN MEXITY BHICOKOBOJIBTHBIMU U HU3KOBOJIBTHBIMU LEMSIMU —

He MeHee 20 MOwm.

Cxema 6moka onricana B 1.3 [lpunoxenus 1.

bnok peeyruposku nopoza

brox gopmupyer 32 HampspKEHHs MOPOTOB, BEIMYMHA KOTOPBIX 3a/1aeTCs KOIAMHU,
xpansmumMucs B koutposuiepe kapthl (KK).
JlnanasoH perynupoBky HanpspxeHus mopora — 100.

MuHuMaabHBIM 1IAT U3MEHECHUS HaIIpsOKCHUS IIOpora — 1 mB.
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Puc. 6. 8 xananpHas cxema (GOpPMUPOBAHUSI TIOPOTOB.

Cxema peryavpoBKY IMTOPOroOB Ha 8 KaHAJIOB MTOKa3aH Ha puc. 6. Bcero Ha kaprte pacnosaraercst

4 Taxye CXEMBI.

Dopmuposanue mpueeeprHo2o cueHaid

brokx no/mkeH OCylIeCTBIISTh aHAIOTOBOE CYMMHPOBAHHME BBIXOJHBIX CHUTHAJIOB YETHIPEX
3apsa10-4yBCTBUTEIBHBIX mpenycunutencii (3UII). dopma curHajga Ha BBIXOJEC OJIOKa —
KBa3uraycc ¢ BpeMeHeM JocTikeHuss Makcumyma 50 He. Brixon 6noka nuddepennmanbHblil
¢ mocTtosiHHbIMM ypoBHsiMU 0.5 1 1 B. MakcumanbHasi aMILIMTy/ia BBIXOJIHOTO curHania 1B.
Cxema onmucana B 1.4 [Ipuioxenus.

Unmepdeiic umenus oannvix — cesazo ¢ DAQ

Onucanune mnpuBeneHo B Ilpunoxkennmm 1 B pasmene m.5 CucreMa UYTeHHsI JTAHHBIX H

yYupaBJieHUs.

Unmepdeiic ynpasnenus — ceszo ¢ DCS

Onucanue MpUBCACHO B HpI/IHO)KeHI/II/I 1ls pas3neie .5 Cucrema YTeHHN JAHHBIX H

yHpaBJIeHHs.

binok usmepernus nanpsorcenus, moxa, memnepamypbi
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brnox npenHazHadeH JUIsi W3MEPEHUS BBIXOJIHBIX HANPSYKEHUH HCTOYHMKOB IUTaHUS,
PacroJIO’KEHHBIX Ha KapTe U UX TOKOB. M3MepsAThCs TemnepaTypa KapThl B 3 TOUKaXx.
N3mepsitoTes HanpsKeHUsl U TOKA BCEX UCTOYHUKOB MUTAHUS Ha KapTe. VIcTOUHMKY MUTaHus
KapThl BBIKIIOYATCS TIPU MPEBBIIICHAH JIOTTYCTUMBIX TOKOB H/HJIM TEMIIEPATYPHI.

Urenue nosryyeHHbIX gaHHbIX B DCS.

Husxosonvmuvie Hanpsaicenus numanus

CrpykTypHasi cxema MUTaHUs! KapThl OT HU3KOBOJIBTHBIX M BBICOKOBOJIBTHOTO MCTOYHUKOB
nuTaHus nokaszaHa B [lpunoxenuu 2. KonndecTBO OTAETBHBIX MCTOYHUKOB NMUTAHUS — 5
HMCTOYHUKOB C MaKCHMaJbHBIM HallpsDkKeHHMEM 8 B M OOMH HMCTOYHHUK C MaKCHUMAaJIbHBIM
HarpsbkeHneMm 15 B.

MaxkcumanbHasi moTpedasiemass MOIHOCTD JUIsl OJJTHOTO M3MEpPUTENbHOIO KaHaia — He Oosee
200 mBrT.

Hcrounnku nuranns 3UII +13B u -6B pacnonararorcs Ha kapre.

Coedunumenvhvie pazvémbl

2 BXOJHBIX pazbeMa -- 3M N3372-6202R

Pazbem nuranus — PHOENIX CONTACT 1776566 (MSTB 2.5/8-GF-5.08-1776566)
RJ45

JTAG

Brixon cymmapnsix curnanos — FTSH-108-01-L-D-RA

Fa6apunmble pPAa3mepsl niamsl

210 x 353 mm2

Tp€606aHl/l}l K coemecmumocmu

PazpaOaTbiBaeMast U3MepHUTEIbHAS HIEKTPOHUKA JIOJDKHA ObITh COBMECTHMA C
- cucremamu MepieHHoro koHTpouisi (DCS) skcniepumenta ALICE,
- tpurrepHoii cuctemoit AJIMCA (cm. 1.9 [lpunoxenus),

- CHUCTEMAaMH HU3KOBOJIBTHOTO Y BBICOKOBOJIFTHOTO Iutanus PHOS.

Tpebosanus naoexcnocmu

[IponomkutensHOCTh Oe30TKa3HOM paboThl anekTpoHukn ®OC — 10 et B ycrnoBHsIX

MPOBCACHUA DKCIICPUMCHTOB IIPpU MTOBBIIICHHOM cBeTHMOCTH bAK.
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Koucmpyxkmusnvie mpebosanus

Mexanudeckass KOHCTPYKIMSI IIaT Ha KOTOPBIX pa3MemniaeTcs paspadarbiBaemasi
anekrponnka PHOS nomkHa MOBTOPATH MEXaHMYECKYIO KOHCTPYKLHIO aHAJIOTMYHBIX ILjIatT
cymectBytomei nexkrponuku PHOS.

Ha KapTC HC JOJIKHO OBITh KaKUX-I1100 MarHUTHBIX KOMIIOHEHTOB U I/IHIIyKTHBHOCTCfI.

Tpebosanus no paouayuoOHHOU Hacpy3Ke

N3-3a HM3KOro paavanMoHHOrO ()OHA B MECTE PACIHOJIOKEHUS KapT HU3MEpPUTENbHON
ANIEKTPOHUKU TPeOOBAHUN MO pagUAllMOHHOM CTOMKOCTH K HCHOJIB3YEMBIM 3JIEKTPOHHBIM

KOMIIOHCHTaM HE NPCAbABIIACTCA.

CpoKu 6binonneHus npoekma
K xoniry 2020 T. JOKHBI OBITH M3TOTOBJICHBI 2 KapThI IS TPOBEACHUST HACTPOIKH,

KOHTPOJIbHBIX H3MepeHuil B jabopatopuu. [lo mosydeHHBIM pe3yabTaTaMm JOJIKHBI OBITh

BHECEHBI I3MEHEHHS B KOHCTPYKTOPCKYIO TOKYMEHTALUIO.

B IlpunoxxkeHum mpuBeneHO KpaTkoe omnucanue ycrpoirictBa PHOS, 4ro0s
pa3paboT4YMK COCTABHII MPEACTABICHUE O PACTIONOKEHUH U YCIOBUSIX pab0Thl H3MEPUTEIBHON
AIIEKTPOHUKHU.

[IpenBapuTenbHO HECKOJBKO (POTO, MOKA3BIBAIOIIMX PACIOJIOKEHHE KapT BHYTPHU
MOMYJI U COEAMHUTEIIbHBIE MTPOBOJA VIS MOJAYU HANPSDKEHUS MUTAHMS, YTCHHUS TaHHBIX U

MIPOrpPaMMHUPOBAHHSL.
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Puc. 8. Bunx Ha Mostysb G€3 KPBIIIKK CO CTOPOHBI KapT.

42



/S

Puc. 9. Monyinb ¢ 3akpbITOM KpBIIKOW. Bee coenMHeHns ¢ KapTaMH CHapyX u
OCYIIECTBIISIIOTCS Yepe3 repMETHYHBIC (IIaHITBI.
Ipunoxenue 1
Onucanne ¢porounoro cniekrpomerpa PHOS/ALICE

Beeoenue

®otonnsiii criekrpomerp (PHOS) — 351eKTpOMAarHUTHBIA KAJIOPUMETP € BBICOKUM

paspemienueM [1]. C nomonisro PHOS npoBoasTes cneayromume uecaeqoBaHus:

- HWccnenoBanus HavyanbHOHM, HauOoisiee ropsiueid, (a3bl CTOJKHOBEHHS IYTEM
M3MEpEHUN MPSMBIX OJIMHOYHBIX (POTOHOB U MPSAMBIX TU(HOTOHOB.

- OmnpegeneHue Ha4allbHON TEMIIEPATYpPhI 00Pa3yIOLIErocs B CTOJIKHOBEHUH CTYCTKa
ropsiyeil ¥ MIOTHOM MaTepuu MyTEM H3MEPEHHs CIEeKTpa TEIIOBOro (POTOHHOTO
W3IIy4YEHHUS.

- Omnpeznenenue NpoCTpaHCTBEHHO-BPEMEHHBIX PA3MEPOB CI'yCTKA ITyTEM U3MEPEHNUS
Koppensauuit Xanoeppu-bpayna u TBucca i npsMbIX (OTOHOB U HEUTPaAJIbHBIX
IIMOHOB.

- HccnenoBaHus sSiBIEHHS TallleHUs CTPYH MYTEM U3MEpPEHUs OJUHOYHBIX (DOTOHOB U
HEUTpaJIbHBIX TMOHOB C BBICOKUMHU MONEPEYHBIMU UMITYJIbCAMHU.

HerexropHoe ycrpoiictBo PHOS cocrouT u3 4eTbIpex OJIMHAKOBBIX MOIYINEH,

pacnosiokeHHbIX BHyTpH Maraura L3 skcniepumenra AJIMCA. B kauecTBe 1ETEKTUPYIOLIETO

MaTrepuaia (paJJHaTopa) HCIOJIB3YCTCd CHUHTUIIIATOP Ha OCHOBC KPUCTAJIJIOB BOJIB(I)paMaTa
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ceunna PbWOs , ¢ paguanmonnoii anuHoi 0,89 cM u BenmuunHO# paamyca Momwep 2,19 cm.
Tak kak CBETOBBIXOJ KpUCTAUIA HMMEET TeMIlepaTypHyo 3aBucumoctb 1,9%/°C npu
KOMHATHOW TeMmIeparype M pacTeT C NOHWKEHHUEM TEMIIepaTypbl, TO JIs YBEIMYEHUs
CBETOBBIXOJIa KPHUCTAUIbl OXJAXJIAIOT A0 Temmeparypbl — 25°C, xoTopas JIOJKHA HMETh
HectabmisHOCTE 0,1°C.

B PHOS ucnonb3yrorest kKpuctauisl ¢ pazmepamu 22x22x180 MM, OpueHTUPOBAaHHBIMU
TopuaMu 22x22 MM K MOTOKY PETHCTPUPYEMOro H3iIydeHus. K mpoTHBOIOIOKHOMY TOPILY
KpHUCTaJljia, C IOMOILBIO CIIEMaIbHOIO ONTHUECKOTO Kiiesi, mpukiieeH ¢ortonpuémuuk. Koraa
B KpUCTAJLI Nonaaaer (OTOH BHICOKOM SHEPTUU, OH POXKAAET AIEKTPOH-TNIO3UTPOHHYIO Mapy.
Ora napa HAaYMHAET TOPMO3UTHCA, POKAAET TaK Ha3bIBa€Mbl€ TOPMO3HbIE (POTOHBI, U (POTOHBI
OTSITh MOPOKJAIOT Mapbl — HAYMHAETCS JIABUHHBIN MPOIECC - 3IEKTPOMArHUTHBIN JTUBEHb.
JluBenr mpeoOpa3yercs B CUUHTWUIALMOHHBIX KpUCTaslax BO BCIBIIKY CBETa.
Henpo3pauHble CTEHKH SYEHCTBIX CTPYKTYpP HUCKIIIOYAIOT MEepepacCeMBaHUE CBETa MEXIy
KpuctaymamMu. OJHAKO CYIIECTBYEeT YTeuKa OJJIEKTPOMAarHUTHOTO JIMBHS B COCETHHE
Kkpucrtamisl. [loaTromy B KpucTaie, B KOTOPBI ONala 4YaCTULIA, PETUCTpUpPYETCs TOIbKO 80%
€€ SHEPIUH.

1. Mexanudeckasi koHcTpykmuss PHOS

Martpuna u3 3584 (64x56) NETEKTOPHBIX KaHAJIOB, M3MEPHUTEIIbHAS DJIEKTPOHUKA H
MOHHMTOpPHAsI CUCTEMAa paclojlaraloTcsi B repMeTUHYHOM Kopryce pasmepoM 1734x1590x757
MM3. Kopryc Moayns wumeer XOJoIHYH0 U TEMIYIO 30HBI, pa3felieHHbIE
TEIUIOU30JIUPYIOIUMU KOHCTPYKIHUSMU.

Enunanunas mexanudeckast cOOpKa JIETEKTOPHBIX KaHAJIOB MPECTABIIAET COO0M COTHI
2 x 8 ssueek. EMMHWYHBIN JETEKTOPHBIA KaHAI M MEXaHH4YecKas cOopka 2 X 8 JeTeKTOPHBIX

KaHaJIOB MMOKa3aHa Ha puc. 1 a) u 0) cooTBeTCTBEHHO. MexaHndeckas

44



a) 6)

Puc. 1. EnuHUYHBIN AeTEeKTOPHBIN KaHam a), cOopka 2 X 8 IEeTEKTOPHBIX KaHAJIOB 0).

cOOpKa COCTOUT M3 SIMEUCTON CTPYKTYPHI, BHIITOJTHEHHON M3 JIMCTOBOM HEPIKaBEIOIIECH CTaJIH,
B KOTOPOM pacnoJiararoTcs Kpuctaiuibl. K ssiMencToil CTpyKType NpUBapeH KOPIyc, B KOTOPOM
pacrojiaraioTcsi IeyaTHble TUIaThl, COSUHUTEIbHbIE KapThl, Yepe3 KOTOPbIE OCYILIECTBISAETCS
CBSI3b 3apsI0BO-UyBCTBUTENbHBIX mpeaycunutenei (3UII), pacnosiokeHHBIX B XOJIOJHOM
00BEMeE, CO CUUTHIBAIOLIEH AJIEKTPOHMKON B TEmIOM. B kopryc BBEPHYTHI LIMUIBKH, C
MTOMOIIBI0 KOTOPBIX MEXaHNYeCKast COOpKa KPEMUTHCS K XOJIOJUIbHON MaHeu.

B kadectBe doTonmerekropa ucnonb3yercs JaBuHHbI Gpotoaunon (JIO) HAMAMATSU
S8148 ¢ pazMepoM CBETOYYBCTBUTEIBHOTO OKHA 5 X 5 MM2 M TTapa3uTHOH EMKOCThIO 0KOJIO 80
n® npu HanpspkeHun cMenienus 6onbiie 200 B. Yennenne JIO — 50. JIO /] BnasH B ruiaty

34Il n IIPUKIIEEH K KPHUCTAJTY C MOMOIIBIO CIICHUAJIBHOI'O OIITHUYECKOI'0 KJICA.

Ha puc. 2 moKasaHa cxema PacCIoJIOKCHUA KPUCTAIJIOB U C‘II/ITBIBaIOI]_Ieﬁ QJICKTPOHUKHU
B MOJYIJIC. B BerHeﬁ JacTHU pUCYHKa IMOKa3aHbl MEXaHUYCCKUE C60pKI/I, KOTOPBIC 3aKPCIIIICHBL
Ha XOJ'IOI[PIJ'ILHOﬁ IHaHCIIN. I[aﬂee UaET cioi TCPMOU3O0JIAIMU U 3a HUM PACIIOJIAratOTCA KapThl

C‘II/ITLIBaIOH_Ieﬁ SJICKTPOHUKH.
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Puc. 2. Cxema pacnoJsio’keHusi KpUCTAJUIOB U CUUTHIBAIOIIEH 3JEKTPOHUKU B MOJTYJIE.

2. Kapra usmepurenbHoii 3nekrponuku PHOS

WNamepurtenbras  snektponnka  PHOS — mocrpoeHa ¢ MCHOJIB30BaHUEM
cnernranusupoBadHoid Mukpocxembl ALTRO [2]. ALTRO conepxut 16 u3MepHTEIbHBIX
KaHaJOB, KaXIbld M3 KOTOPBIX cocTOMT u3 mnapaiensHoro 10 6ut ALl TSA1001,
pazpaboTtannoro ¢pupmoit ST Microelectronics. Kpome Toro, kask/1plii KaHaJ COJIEPIKUT CXEMBbI
st tupoBoli 00pabOTKH CHUTHAJIOB, CXEMbI ITOCTPOCHHS BBIXOJHBIX KOJOB, KOTOPBIC
cunuthiBatoTcsi cuctemoir cobopa manHeix ALICE u Onox ympasnenus. Kpome uudposoii
o0Opabotku curtanoB, ALTRO umeer gpyHkuuo nojgasieHus Hyien (zero suppression). Ilpu
BKJIFOUEHUU ITON (PYHKIHUU HYJEBbIE KOJIbI, KOTOPBIE MOJIYYaIOTCs TOCIEe BRIYUTaHUS 0a30BO
JUHUY, HE TEpeJaloTcs B CUCTeMy cOOpa JaHHBIX, YTO YMEHBIIaeT 00beM HaKarIMBaeMoOn
uHpopmanuu. [ npaBUIbHOTO BOCCTaHOBICHUS (POPMBI CUTHAIIA, HOMEPA HYJIEBBIX KOJIOB B

BLI60pKe CUTHaJia 3alIlMChIBAIOTCs B CHCHH&HBHBIﬁ 0JIOK JaHHBIX CO CJ'Iy>KC6HOfI HH(I)OpMaHHCﬁ.

Onun monyns PHOS conepxutr 112 xapt nsMepurenbHoi snexTpoHuku. Kaxnaas kapta
MOAKIIIOUEHA K 32 NEeTEeKTUPYIOIMM KaHajaM. T.K. JUHAMMUYECKUN AHMANa30H HU3MEPSIEMbIX
sHepruii cocrapisier 80000M»sB/5SM»sB = 16000, a ALII umeer Tonbko 1000 ypoBHeit
KBaHTOBAHMUS, TO UCIIOJB3YIOTCS /IBa KaHalla ¢ OTHoLIeHHeM ycuieHuit pasHsiM HG/LG =16.
Bun kapThl U3MEpUTENBbHONW 3JEKTPOHUKHM M PACIOJI0KEHHWE OCHOBHBIX (PYHKIIMOHAIBHBIX

3JIEMEHTOB Ha HEM MOKa3aH Ha puc. 3.
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Puc. 3. Kapra uamMepuTenbHOM 3JIEKTPOHUKH Ha 32 NETEKTUPYIONIUX KaHaJIa.

Omna copepxut 64 GuabTpa ¢ BBICOKUM U HU3KUM YCUJICHHUSIMH, 32 PErynasTopa HampsKeHUs
CMEIleHUs JJIs JIABUHHBIX (OTOAN0A0B, 4 MHOrO(dyHKIIMOHANBHBIE MUKpocxembl ALTRO, 8
CYMMUPYIOILUX YCUJIUTENCH (OpMUpYIOLIUMEe CUTHAbl JUIsl TpUITepa, OJOK yIpaBlIeHUS U
HCTOYHUKHU cTabunu3upoBanHoro nutanus. Ilnata umeer pazmep 210 x 353 MM2 u coiepKuT
10 cnoés [3]. MHorociolHasi KOHCTPYKLUHS IUIaThl OOBSCHAETCS HEOO0XOAUMOCTBIO
MUHUMM3HPOBATH HABOJAKM OT LMU(POBBIX cxeM Ha aHajorosble. s 3TOH ke uenu
UCHOJb3YIOTCS OTAEIbHbIE WMCTOYHMKM MHMTAHUS JUIs aQHAJOTOBBIX M LU(POBBIX CXEM.
PaccenBaemast MOIIHOCTb BCEX CXEM PACIIOJIOKEHHBIX Ha Iu1ate paBHa 5,6 BT. Tak kak miatsl
pacrionaralorcs B 3aKpbITOM 0OBbeMe KopIyca MOJAYJIs, TO HCHOJNb3YeTCs BOJSHOE
oxylaxieHue. Boyma mpoxoaur depe3 MeaHble TpyOKH, NMpUMNAssHHBIE K MEIHBIM 3KpaHaM,

KOTOPBIC KPCIATCH I10 00e CTOPOHBI IJIATHI.

3. ®opmupoBaHue HanpsikeHus cmelenus: JID /]
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Konpl, ompenensroomue BEIUYUHBI HANPSHKEHUS CMEIIEHHUS U, CIIEA0BaTENbHO,
kodpuuuents! ycunenus JID/], xpansarcs B 06aze JaHHBIX CUCTEMbI MEIJICHHOTO KOHTPOJIA
(DCS). DCS wuepes Ethernet cBsizana ¢ ycTpoicTBOM yrpaBiieHus uTeHus-3amucu (SRU),
KoTopoe B cBoro ouepenp no muHe P2P ceszano ¢ KK. KK conepxut 32 necsatupaspsiHbix
perucrtpa, B KOTopble 3anucbiBatoTcst kojpl u3 DCS. 3anuck konoB B LIAIl ocymectBisercs
1o ipoTokoay SPI, KoTOpHIii ocymiecTBIsAET (HDYHKIIMOHATBHBIN 010K, pacmonoxeHHbid B KK.
KK u HAIIbl coequHeHbl MO MIMHE JaHHBIX KaK CIBUTOBBIE PETHUCTPHI, C UCIOJIb30BaHUEM
npoTtokosia Daisy Chain, 4TO CYIIIECTBEHHO COKpAIllaeT KOJMYECTBO MPOBOTHUKOB IIWHBI
JTAHHBIX.

Ha puc. 4 nokazana cxema coenunenus LIAIl ¢ koutposuiepom mnatsl (PCM).

IC4 13

+5V Ref
Df?gﬁ;—h NCPO40 [ i
=T T (MPCs19) [~
DAC-Dout-a} )
l imIl 2 [] ADS34
Max5308 o
DAC-CS—g ® ? . cs . D’ T kecas
DACLDAC! | o ' Ac [ o >
| . —
el i
- Max3308 I - : [>
PCM | Mecszog [P -
| : E programmed analog outputs io optocoplers
Max3308 Pl C
| - L
DACDin jgilin B
Puc. 4.

Ha puc. 5 nokazana cxema opmupoBanust HanpsbkeHus cmenienus JIO /.
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| o
1/4 ADBS44 U3A —1—>Hv 4
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—fl
1/4 AD8544 oac T—>mv 6
“p2 |
1/4 ADB544 U3D —T—>nv 7
Puc. 5.

4. Cxema (popMHpOBaHMS TPUITEPHOr0 CUTHAJIA

91

CSP_A1 | | 82prF 1.8K
422K
T
422K
422K
G+2v5 ref /
summing amplifier 499K
+
% MAX44 QUAD-
422K
differential shaper
v
Puc. 6.

Ha puc. 6 noxazana npuHIMIHATBHAS CXeMa CYMMHPOBAHUS CUTHAJIOB 2X2, KOTOpasi COCTOUT
U3 COOCTBEHHO CXEMBbl CYMMHUPOBaHUS IpaiiBepa  BBIXOJHOTO  CHTHajla C
mddepeHIInanbHbIM BBIXOI0M.

u
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5. Cucrema uyreHus AAHHBIX U YIIPABJCHUA

Cucrema 4TeHHs JaHHBIX OCHOBaHa Ha mapaieiabHoM uTeHuH Bcex FEE kapt mo
nesaBucumomy kanany DTC [3]. Tlpuemnbim yctpoiictBom siBisiercs 6ok SRU (scalable
readout unit). biok SRU mo3Bouisier noakitodats HezaBucumo 10 40 FEE kapt ¢ momoiisio
pazpemMoB RJ45. Tpurrepusie curHaibsl mo mpoTokosy T 1C MOCTYyHaroT MO ONTHYECKOMY
kabemio Ha pazbem T TC link.

ApXuTEKTypa CUCTEMBl YTEHHs JaHHbIX IpuBeaeHa Ha puc.7. K xaxnoit FEE kapre
(ob6o3nauennoit FEE1 ... FEE40) moGaBnmena mezonunHas kapra DTC, oGecrneumBaromias
csi3b ¢ SRU. Yopaenenne SRU u FEE xapramu ocymiecTBIisieTcst Mo CETEBOMY MPOTOKOIY
UDP mocpencteom moaxmroueHus SRU k nokanpHON BerumcinutenbHoit cetn ALICE DCS.
Ces3p B DAQ upger mo oxHomy mim aByMm kananam DDL, B 3aBucuMocTH OT TpeOoBaHHN K
ckopoctH mpuema naHHbIX. Jlns cmektpomerpa PHOS wmcmonb3yercss  ciemyromias
cerMeHTanus aerekropa: 8 6panyeil, cunrpiBatonux no 14 FEE u 1 TRU (tpurrepnas xapra).
Takxum o6pazom, oaua Moayie @OC cunteiBathes 4-ms Ookamu SRU, a Ha oqua SRU Oynet

npuxoautbes 30 Bxoaasix kanamoB DTC: 28 FEE u 2 TRU.

..................................................................................................................

ALTRO 1

ADC1
ADC16

FEE1

16 ADCs per ALTRO, 4 ALTROs per FEE

DTC
daughter

; cand (20 MB/s)
Cd

ta

LTRO 4 Af’
ADC1

DTC link

>

TTC link
( 80 Mbps)

. ® ALICE
ADC16 3 £
N\ TTC system

i :
1 1
! 1
i !
E s : :
i : ALTRQ bus (1.6 Gbps) : SRU Ethernet :
l :
! 1
! 1
! 1

T ( 1 GbpS)
ALTRO1 | / ALICE
ADCL |-¢ |y FEE40 DCS system
H - DTC
ADC16 g da“g*::e’ Detector Data Link
. can (2.125 Gbps)

ALTRO 4
ALICE DAQ system

ADC16

Puc. 7. CDYHKI_II/IOHaJ'IBHa}I CXCMa CUCTCMbI YTCHHUA JaHHBIX U CUHXPOHU3AIlNH.
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6. IIporoxoJs nepenauu curnaios no DTC link

Ha puc. 8 nokazana cxema coeluHEHHs M3MEPHUTENbHOM KapThl 1 SRU, n curHansl

nepeaaBaeMble 10 JTUHUAM CBsi3U. [loka3zaHO Ha3HAUYEHHE KOHTAKTOB Ha pazbeMe RJ45.

DTC_CLK (40 MHz clock) ;
DTC_TRIG (80 Mbps cmdtig) | FEE =
SRU DTC_DATA (80 Mbps data) or :
DTC_RETURN (80 Mbps data) TRU :

Puc. 8.

SRU mnepenaet kapTe U3MEPUTEITBHON JIEKTPOHHUKH CJICTYIOIIHE KOMAH bl U CUTHAJIBI
o DTC_TRIG cBs3sm:
1. Tpurrepst
2. beicTpbie KOMaHIbI
3. MemieHuble KOMaHIbI
4. Wmmnyascel 6anukpoccunra 40 MI'y (DTC_CLK).

Tpurrep LO mepemgaercs 0oqHUM UMITYJIBCOM JTUTEIBHOCTHIO 12.5 HC C MUMITYJIBCOM

cuaxpouusaruu DTC_CLK mo nonoxurensaomy Gpponty (puc. 9).

Puc. 9.
Tpurrep L1 mnepemaercs AByMsST HUMOyIbCaMU C HUMITYJbCAMU CHHXPOHU3ALIUU

DTC_CLK mo nosnoxurensaomy ppouTty (puc. 10).

Puc. 10.

o1



BricTprie KOMaH/ABI TepenaroTcst 8-W OUTHBIM CJIOBOM, CTapIIMii OUT MEpPBBIH, C
cunxponuszamueii DTC_CLK no orpunarensHomy ¢ponty. [Ipumep nepenauun ciosa 8’hE2

mokasas Ha puc. 11.

Puc. 11.

Ornucanue OBICTPBIX KOMaH/ MPUBEIEHO B Tabiuiie 1.

Tabmuma 1.

Fast command | Coding | Description

RDOCMD OXE2 | Readout command, ask FEE/TRU readout ALTRO and transmit event data to SRU

SCLKSYNC OxE4 | Ask FEE to reset sampling clock divider

RIECTCMD OXEA | Reject the event command (related to L2r trigger), ask FEE/TRU to discard the associated event data stored in the ALTRO buffer,

RSTCMD OXES | Reset TRUFEE, asserts “reset” pin of ALTRO on FEE.

STREQ OXE9 | Ask FEE/TRU to send its status (The Status Frame) to SRU

ARDOEND OXEF | TellTRU that ALTRO readout in FEE is finished (ALTRO readout starts after FEE receives RDOCMD).

MenneHHble KOMaH[bl OCYIIECTBJISIIOT 3alHMcCh U uYTeHuEe peructpoB. CTpykTypa
ME/JIEHHOM KOMAaH/IbI:
OXE1(3arosioBok 8 6ut) + Per Anp(32 6ut) + Per Jlan(32 6ur).

[lepBpiM mepemaeTcs CTAapIIMA pas3psal, CUHXPOHM3ALMS IO OTPHUIATETLHOMY (GPOHTY
DTC_CLK.

= AnpecHsriii out [31]: duar onepanuu 3anucek/arenue. “0” — 3anuce, “1”° — yTeHUE

= Anpecusriii out [30]: “0” — FPGA peructp; “1” — ALTRO peructp

* HasHaueHue Apyrux OUT AJPeCHOro perucTpa Ha yCMOTpEHHE pa3pabOTUMKOB.
Ha puc. 12 noka3zana ocumiorpamMmma komas il 3anucu yncia 0x12436587 B peructp 0x60:

{8’hE1, 32°’h0000 0060, 32°h1243 6587}.
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Write 021436587 to Reg 0x60 on FEE card: {§'EL, 32'h0000 0060, 3201243 6587, MSA first, sent during negative period of DTC (LK

Puc. 12.

7. dopmar OrBera u JaHHBIX Co0bITHS.
Hanneie ot kaptel kK SRU mepenatorcst mo ymaussm DTC_DATA u DTC_RETURN, co

CKOPOCTBIO Tiepeiauu Ha Kaxaoi nuauu 80Mbps (puc. 8).

Bit order of 16 -bit word, LSB first, 40 MHz DDR mode

DTC_DATA Bit0 | Bit2 Bitd Bitb Bit8 bit10 bit12 bit14

DTC_RETURN | bitl | Bit3 Bit5 Bit7 Bit9 bit11 bit13 bit15

CrpykTypa dpetima:
Craryc: onun 3aroioBok (0XDCDC), 3a koTopsIM ciiefyeT 16 OUT cTaTyCHOE CIIOBO:

e bur [15] craryca — cymmapssiid ¢uar omubOku: 0 = kapra padotaer HOpMaiabHO; 1 =

c00if paboThI

e Omnpenenenue Apyrux OUT cTaTyca Ha YCMOTPEHHE pa3paboTInKa
OtBet: oauH 3arojioBok (OXF7F7), 3a koTopbIM ciienyeT aapec U gaHHbie (16 OUT crapmias
4acTh aapeca, 16 OuT mitamras yacTh aapeca, 16 OUT crapias 4acTh TaHHBIX, 16 OUT Mutairas
4acTh JaHHBIX).
CoobiTHe: oauH 3arosioBok (0X5C5C), 3a kotopbiM ciienyeT AanHble CoObITUS U (har KoHIA
Coositus (0XC5D5 C5D5 C5D5 C5D5).

® IMHA JAHHBIX COOBITHS MOXKET OBITh IEPEMEHHOM, 3aBUCAIIAS OT pa3Mepa COOBITHS

e (peiimM coOBITUS HE AOJDKEH COJIEP)KAaTh CIIOBO JIJTUHBI COOBITHSI.
[Tpumep: SRU mocnana komanay urenus peructpa 0x20 Ha kapte, kaprta nocnana OTBeT u

Craryc Ha SRU.

@ dtc_dk St0 WREERER R R A A AR AR A A Ay Aps
o’ f7f7 __ J8000 __ Joo20 _ jodoo 5040  Jpd50 | Jdadc _ Jodoo

OtBer: OXF7F7 (3aronoBok), 0x8000 0020 (xomanma YreHHe U aapec perUcTpa),
0x0000 5040 (conepxanue peructpa 0x20).
Cratyc: 0xDCDC (3aronook), 0x0000 (ctaryc).
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[Tpumep: mocbuIKa COOBITUS U CTaTyca

|

B ———

|

) Ik D s kw 'T:'Jsf"‘ B |

[IpaBuno nocrpoenus ¢ppeiima:
1. mexnay nByms gpeiiMaMu JOKHO OBITH MO KpaiiHEeH mMepe /1Ba CHHXPOHH3HPYIOLINX
ciosa 0xBC50
2. mocne kaxaoro Oreera u CoOBITHS T0JDKEH clieoBath Craryc
3. mpuMep moctpoeHus Qpeima:
0xBC50,0xBC50,0t1Bet,0xBC50,0xBC50,CTaTyc,0xBC50,0xBC50
..Co6piTHe,0xBC50,0XBC50,Cratyc,0xBC50,0xBC50 ...

8. dopmar JaHHBIX

®dopmar garHbIx — 32 Outa. Ecnu manHbix He xBaTaeT Ha 32 O6uta, To nodasnsercs 0x00.
DWO ... DW9 — 10 6ur cnosa, cuutanubie u3 ALTRO. CtpykTypa TaHHBIX C MOSICHEHUSIMH

rokasaHa Ha puc. 13.

31 3029 20 19 10 9 0

01| E | Altro channel header 1 ALTRO Channel Header Format
00| DW9 DW8 DW7 Bit location Meaning

00| DW6 | DWS5 | DW4 [11:0] “Hard Add” from 40-bit ALTRO data

00| Dws | bwz | Dw1 [15112] | Reserved = *0000”

cof owo [N | o [ vomaosiATRO dan

a11 E | Altro channel header 2
00| Dw4 DW3 DW2

[28:26] Reserved = “000"

E: Channel Error Bit, set to ‘1" when a a mismatch for

00| DWH1 DW2

[29] channel address or word count is detected. FEE will correct
01 E | Altro channel header 3 the corresponding info field.
00] Dws I Dw2 I DwW1 [31:30] Mark: “00" : Payload; “01” Header.

Puc. 13. CtpykTypa NaHHBIX.

9. Tpurrepnas cucrema AJIMCA: opranu3zanusi u3amMepeHuii Ha nepuox Run_3

e llentpanbueiii TpurrepHsiii nporeccop (CTP) ALICE B Run3 oyaer nmocsutate B PHOS
nocienoBareabHOCTh TpurrepoB LO u L1.
e Tpurrep LO renepupyercs tpurrepubimu jaerekropamu ALICE (FIT, EMCAL, PHOS,

MUON) u nocrynmaer B CTP ¢ 3azmepxkkoit 1.2 Mkc mocne croskHoBeHHs mydkoB. CTP
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pacripoctpansieT 3ToT Tpurrep L0 mo MoayssiM 4TeHus JaHHBIX JETEKTOPOB C He OOHOBIEHHOM
apxurektypoir (ACORDE, CPV, EMCAL, HMPID, PHOS). MunnmanpHas 3aaepikka
npuxona tpurrepa L0 B gqerekropsl cocrasiuser 1.4 MKc.

e Tpurrep LO conpoBoxnaeTcs cooOmennem, HeCyiuM HISHTU(PUKALINIO COOBITHS - HOMEPOM
OpOUTHI, HOMEPOM IepecedeHus: OaH4el, TUIIa TPUTTepa.

¢ L1 renepupyercs tpurrepusivMu nerekropamu EMCAL, PHOS, TRD u noctymaer B CTP ¢
3anepkkoir 6.1 Mrc. CTP pacmpocrpansier tpurrep L1 mo MomgynasM 4YTEHHS JaHHBIX
JIETEKTOPOB C HE OOHOBIEHHON apXuTeKTypoil. Ecnu TpurrepHsie 1eT€KTOpbl HE T€HEPUPYIOT
tpurrep L1, Tto CTP mockutaer cBoii Tpurrep L1, creHepupoBaHHBIH BHYTPEHHHM
redepatopom CTP.

e Moxaymu urenust ganaeix PHOS nonydator tpurrepusie curHansl oT CTP u mepenatoT ux B
FEE kaptel. Ilo npuxomy LO momyns utenuss manusix PHOS BeicTaBiser ¢uar "busy”,
KOTOpBIEC TiepeaaeTcsi B TpurrepHbid Moaynb LTU miis GIOKMPOBKU TOCBUIKU CIETYIONTAX
TPHUTTEPOB JI0 TeX TOP, NMoKa coOkITHEe He 00padoTaHo u He oTnpasieHo B DAQ. Ilo Tpurrepy
LO FEE xapTtsl 3anmomunaroT qanubie B Oydepe namsata ALTRO, a mo npuxoxay tpurrepa L1
MepeaaroT X B MOyau uTeHus nanHbix. Otcyrcrue tpurrepa L1 or CTP o3Hadaetr oTMeHy
YTEHUs1 COOBITHS, BEI3BaHHOTO Tpurrepom LO.

e Monaynu 4YTeHHs JIaHHBIX (OPMHUPYIOT NaHHbIE, coOpanHble ¢ FEE kapt, B coObiTue,
HayMHAOIIeecss OOIIMM 3arojOBKOM COOBITHS, COJEpKallUM HUACHTU(UKAILNIO COOBITHS,
nepeaanHyro B coobmenun CTP. CdopmupoBanHoe coObiTHe mochuiaetcs B DAQ mo
Tpurrepy L1.

e CTP rtaxxe renepupyer nepuoauueckuii HB (heart beat) tpurrep ¢ uarepsanom 89.4 Mkc,
HEOOXOIUMBIN U1 CHHXPOHHU3AIMN COOBITHI, CYUTHIBAEMBIX JIETEKTOPAMU C HEMPEPHIBHBIM
YTEHHEM U JIETEKTOPaMU ¢ He OOHOBJIEHHON apXUTEeKTypoil. Moaynu urenus nanubix PHOS,
nonyuuB HB Tpurrep, noymkHbl chOpMUPOBATH CHENMATBLHOE COOBITHE M OTIPABUTH €r0 B
DAQ. Ecnu HB tpurrep mpuxoaut Bo Bpemsi 00pabOTKH MPEIbIAYIIEro COOBITHS, MOKa
BbicTaByieH (urar "bUSy", TO MOAyJIM YTEHHs JAHHBIX TOJDKHBI 3allJIaHUPOBAaTh OTBET Ha

nonyuenue HB Tpurrepa cpasy nocne 00pabOTKH MPEABIAYIIETO COOBITHUS.
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IIpunoxenne 2
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