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NMoka3aHbl ABe U3
YyeTbIpex BO3MOXHbIX
ToYeK BbiBOAa nyya Aons
JTIMHAK-200.

B Gyaywiem
nnaHupyeTtcs
yBEeJINYUTDb SHEepPruro
yckoputens go 800

MaB

Parameter Beam extraction point Ne I | Beam extraction point Ne 2
(EP1) (EP2)

Electron energy, MeV 5-25 40-200

Pulse duration, ps 0.2-3.5

Max. pulse current, mA 60 40

Pulse repetition rate, Hz 1-50 1-25




MHoronpoBonoyHas y3ko3asopHast

NponopuUnoHanbHas kamepa
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- 128 npoBonouek ¢ marom 1Mm
- BpemeHHoOe pa3penieHue - 7HC
- T'a3oBas cmecs:

* Xunanon 14 CF, - 80 %

* Mzobyran C,H ,-20 %
- PabGouee nampsixenue - 10 3kB

JlaHHast 37EKTPOHUKA MOXKET paboTaTh ¢ IpeioBHIMU
Kamepamu, straw tube U apyruMH  TOAOOHBIMHU
nerektopamu. Ha ceromusimHuii J1eHb (POHTIHA
3NIEKTPOHKKA HA OCHOBE MUKPOCXEMBI

ASTI1-1 WCIIOIBb3YETCA B DKCIIEPUMEHTAX
NA64(CERN), HyperNIS(OUAN), wu  mpyrux
JIETEKTOPaX.

o ol




PpoHTIHA NaTbl U Nnata 64 KaHanbHOro

Dzhelepov Laboratory C s ) Joint Institute for

TDC of Nuclear Problems w Nuclear Research




of Nuclear Problems Nuclear Research

q)po HTS HDI r”'l aTbI i ‘  ' Dzhelepov Laboratory Joint Institute for

1.  Ywucno xanaimoB AST 1-1 - §;

2. Bxonsoii umneaaHc 3amaeTtces B quana3one 50-560 Owm;

3. JlmamasoH peryimpoBKH mopora cpadareiBanms 1-23 ¢Ko;

4.  JIIMTeNnbHOCTh BBIXOIHOTO CHTHAJA OMPEACISETCS CUTHAIOM
C KaMephI;

5. 3aaepiKka BBIXOAHOIO CUTHajNa - 6 HC;

6.  Hanpspkenue nutanus 2,5 - 3,3 B

7.  Tlorpebnenwue mnarel 250 MA (32 kanana)

“AST-1-1” IC channel block diagram
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64-kaHanbHbIN NpeobpasoBaTesib
Bpems-kog (TDC)

Fitter Summary

Fitter Status

Quartus Prime Version
Revision Name
Top-level Entity Name
Family

Device

Timing Models

Power Models

Device Status

Logic utilization (in ALMs)
Total registers

Total pins

Total virtual pins

Total block memory bits
Total RAM Blocks

Total DSP Blocks

Total HSSI RX channels
Total HSSI TX channels
Total PLLs

Intel Cyclone 10GX (105YF780E6G)

Successful - Mon Apr 14 18:02:31 2025
24.2.0 Build 40 06/27/2024 SC Pro Edition
PCB_ver_1

Main

Cyclone 10 GX

10CX105YF780E6G

Final

Final

Final

17,533 / 38,000 ( 46 %)

37138

178/ 340 (52 %)

0

399,072 / 7,823,360 (5 %)

265 /382 (69 %)

0/125(0%)

1/12(8%)

1/12(8%)

8/30(27%)
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1. MackupoBaHK€e KaHaJIOB 1o CoNTROL
out
2. praBJIeHI/Ie HOpOFaMI/I Iggf;?: —> Delay contol — Pattern Control —» sg:zs
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SerDes (aHrn. Serializer/Deserializer) — aT0 uHTerpanbHasi cxema
nny 6ok, BeINONMHAKLWMIA Npeobpa3oBaHne napannenbHbiX AaHHbIX
B nocnegoBaTenbHble (Ceprann3aumio) Unv nocnegoBaTenbHbIX

OaHHbIX B NapannenbHble (Aecepuanm3atmio).

LVDS SERDES ip Cyclone 10GX
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out full :
B inside
CprKTypa H : p 3 tail hit _:
D'a HHBLEX:
CIK 125 MHZ Yiriooer counter||  CHNUM || Flag minus out ful Tail Hit Inside Pos || Inside Hit

PACKET counter (value)

Bits 29 9 6 1 1 3 2 3

L J L L J L L

Clk 125 MHZ counter (value) - cueTuuk st oTcueTa BpeMeHu (29 0ur) —
Trigger counter (Num) - Homep Tpurrepa (9 6ur) = B | 3 s
CH NUM - Homep KaHaja (6 0ur) i — == |

counter 8

Flag minus - o3Ha4aer, yTo curHan Hadasucs 10 Tpurrepa (1 6ur) j:: [ : iml:: ’ : ' (:ml:l j
Out full - monHoe Bpems umnyinsca (11 6ur) ‘ :
Tail Hit - xBoct uMnynsca (3 6uta) e [ o [ e [0 ]
Inside Pos - mo3unus Hayana ummysbca B Oaiire (2 6uta) | ,mm‘[ . el ’
Inside Hit - ummynbe BHyTpH Oaiita (3 6uta) :
®opmynbl pacyeTa e o [ R )| 30
TIME = (125MHZ_cnt * 8) - (Out full - Tail_hit) s By i I
TIME = (125MHZ_cnt * 8) - (Inside hit + inside Pos) pusez ;;,‘)’ o W(T),“j =~ 3““;;;?’.%
ns) ns, (ns)
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Round-robin apbuTp — 3TO MEXaHM3M, KOTOPbIW
NnooYyepEeaHO (LMKIMYeckun) npegoctaBngaeT AocTyn
K obLLuemMy pecypcy (Hanpumep, WWHEe AaHHbIX Un
KaHany nepegayum) HeCKOSNbKUM UCTOYHUKAM
(noTokam AaHHbIX), 00beanHASA UX B OANH

BbIXOAHOW MOTOK.
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lNpnmepbl dhopmmpoBaHme
ANHamunyeckoro naketa UDP.

3Ha4eHus, ynpasnsoLine pasmepom
naketa

Max packet size = 176

Min packet size = 10

Timeout value =3

timeout < timeout value
packet = max packet size

Clk | | | | |
axis_last l_'l

axis_valid SS
axis_data

| data 1 data |
words counter

[o[ 1 [2T3fafs J{{[m]m]ms]wa]s]

timeout = timeout value
packet = min packet size
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axis_valid
| I l
axis_data
[ data ]

lz]elw ]

[ data ]

[oJ1]2f3]af5s] 6

words counter

timeout = timeout value
min packet size < words counter < max packet size
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I data \ \ [dataO]

[o[+[2af4]s 8 ] m o
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alexey@nuTa-57:~
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Takum oOpazom, qua yckoputens JIMHAK-200 Owuia paspaborana
AJIEKTPOHUKA CUYUTHIBAHUS JTAHHBIX C KaMmep, IO3BOJISIIONIAS BU3YaJIM3UPOBATH
MOJIO’KEHUE MPOXOIAIINX JICKTPOHOB (MOHUTOPUPOBATH ANEKTPOHHBIN MTYUYOK).
Ha cerogusimiani 1€Hb U3TOTOBJIIEHO 8 KaMep, 1O 4 Ha MOJIb30BATEILCKAN KaHAI.
JI1s1 Bcex KaMmep M3roTOBJIEHA AJIEKTPOHUKA, B JAHHBIA MOMEHT OHA HAXOJIUTCS Ha
CTaJIUM TECTUPOBaHMS. BO BTOpOH MOJOBHUHE roja Kamephbl OyayT BBEACHBI B

OKCIIIyaTanuo.
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file Edit View Project Pro

o 4 rO 8

Instance Manager: | 8! [ 5 [ Program the device to continue

nstance status Enabled
AXI_DYNAMIC F Notrunning v
seroes Notrnning v
PATTERN_DEBUG Notrunning v
OATAPATH REG DEBUG  Notmmning v
THERSHOLDS DEBUG  Notrunning
EXTERNAL MEM Not unning

~ * MEM_MASTER_CROSSBARS Not running

Power-Up Trigger

log: Trig @ 2026/03/20 16:38:54 (00711 elapsed|

Type | Aias | Tap (W Name
Pre-Syn + dataflow_control|AXI_dynamic_packet_gen instjcnt_sends_packet{7.0)
Pre-Syn + dataflow_controljAXI_dynamic_packet_gen institimeout value(2.0]
PreSyn + dataflow_controljAXI_dynamic_packet_gen instjmin_size_packet_r[7..0]
Pre-Syn + dataflow_controljAXI_dynamic_packet_gen_instjmax_size_packet r(7..0)
Presyn + dataflow_controljAXI_dynamic_packet_gen_instjtimeout_value_rf2.0)
Presyn + dataflow_controljAX)_dynamic_packet_gen_insticnt_sends_packet_r{7.0]
Pre-syn dataflow_control|AXI_dynamic_packet_gen_instjcumrent stateIDLE
Pre-Syn dataflow_control| AXI_dynamic_packet_gen_instjcurment_state LAST
pre-syn dataflow_control]AX|_dynamic_packet_gen_instjcurrent_state PACKET_SEND
Pre-syn datafiow_controljAXI_dynamic_packet_gen_instjcurrent state SEND_STREAM
Presyn + dataflow_controljAXI_dynamic_packet_gen_Instjtime_counter{2.0]
sresyn + dataflow_controljAXI_dynamic_packet_gen instjwords_counter{7..0]
Presyn dataflow_control] AXI_dynamic_packet_gen_Instjs_axis_tvalid
Presyn dataflow_control| AXI_dynamic_packet_gen_instjs_ax!s._tready
Presyn + dataflow_controljAX1_dynamic_packet_gen_inst]s_axis_dataf63.0]
Presyn + dataflow_control|AX1_dynamic_packet_gen instjs_axis._tkeep[7.0]
Presyn dataflow_control|AXI_dynamic_packet_gen_instim_axis_tiast
Presyn dataflow_control| AXI_dynamic_packet_gen_instjm _axis_tvalid
PreSyn + dataflow_controlfAXi_dynamic_packet_gen_instjm_axis_datal63.0]
PreSyn + dataflow_control|AXI_dynamic_packet_gen_instjm_axis_tkespl7..0]

Presyn dataflow_control|AX|_dynamic_packet_gen_inst|m_axis_tready

Presyn  » da

aflow_control|data._stream_fifols_axis_tkeepl7.0]

PreSyn  dataflow

control|data_stream_fifolempty

PreSyn  dataflow_control

tream_fifolfull

PreSyn  dataflow_control|dat

tream_fifo|overflow_reg

Pre-Syn  dataflow_controljda

stream_fifols_axis_tready

Pre-Syn  dataflow_controljda

tream_fifols_axis_tvalid

Pre-Syn  dataflow_controljdata_stream_fifo]s_axis_tast

PreSyn  + dataflow_controlldata_stream_fifols_axis_tdata[63.0]
PreSyn  + dataflow_controlldata_stream_fifolm_axis_tdest[2.0]
Presyn  + dat
PreSyn o dat

low_controljdata,_stream_fifojm_axis_tid{1..0)
flow_controljdata_stream_fifo|m_axis_tkeep(7.0]
PreSyn  + dataflow_controljdata_stream_fifo|m_axis_tuser{0.0]
PreSyn  dataflow_controljdata_stream_fifojm_axis_tready

PreSyn  dataflow_controljdata_stream fifo|m_axis_tvalid
ADsta R Setup

Hierarchy Display: Datalog

v _* tdc_zchamber AXI_DYNAMIC_PACKET DEBUG

Dzhelepov Laboratory
of Nuclear Problems

Hardwa

Device

Bridge index

55 SOF Manage

Joint Institute for
Nuclear Research

G Chain Configuration: JTAG ready
UsB-Blaster [US8-0] v sewp
@1 10CX105Y (0x02€72000) ~  sancChan

®opmupoBanue nanHbix B UDP maker
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Logic Elements (LE) (K) 104 4
ALM 38,000
Register 152,000
Memory M20K 7,640
(Kb)
MLAB 799
Variable-precision DSP Block 125
18 x 19 Multiplier 250
Hard Floating-point Arithmetic Yes
PLL Fractional Synthesis 4
1/0 6
12.5 Gbps Transceiver 12
GPIO (%) 284
LVDS Pair (3) 118
PCIe Hard IP Block 1
Hard Memory Interfaces 2

2CH_FPGA_v.1

Intel Cyclone 10GX (105YF780E6G)
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SerDes (aHrn. Serializer/Deserializer) — aT0 uHTerpanbHasi cxema
nny 6ok, BeINONMHAKLWMIA Npeobpa3oBaHne napannenbHbiX AaHHbIX
B nocnegoBaTenbHble (Ceprann3aumio) Unv nocnegoBaTenbHbIX

OaHHbIX B NapannenbHble (Aecepuanm3atmio).

LVDS SERDES ip Cyclone 10GX

LVDS Receiver
Non-DPA Mode

Bit Slip Deserializer

16
x_in h 128
DIN DOUT DIN DOUT —> rx_out

7
fast_clock —EJ
load_enable,
i Clock Mux E fast_clock

A

Y VY
Y

» rx_coreclock

3

rx_inclock —————— > 1/0 PLL

Threshold

00000000 o|i|1|1]1|0|0|o 000110001

Deserialize

Serialize
__|EHJER]  JENjER -l

H
g og gg
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1 J 1 1 I [ | J | | | | J | J L il L

125 MHZ = 125 MHZ ’ 125 MHZ - 125 MHZ - 125 MHZ o 125 MHZ 5 125 MHZ 11 125 MHZ. 2
‘counter counter counter counter counter counter counter counter
Out Full 0 Out Full 5 Out Full 3 Out Full 3 Out Full o Out Full 4 Out Full 19 Out Full 4
Tail Hit 0 Tail Hit 4 Tail Hit 1 Tail Hit 1 Tail Hit o Tail Hit 2 Tail Hit o Tail Hit 3
64 Bit
Packet
Inside 1 Inside 0 Inside 0 Inside 2 Inside 1 Inside o Inside ° Inside o
Pos Pos Pos Pos Pos Pos. Pos Pos
inside Hit | 4 Inside Hit o Inside Hit 0 Inside Hit 4 Inside Hit 4 Inside Hit o Inside Hit 0 Inside Hit [ 1
TIME (ns) | © TIME (ns) | 31 TIME (ns) | 38 TIME (ns) | 46 TIME(ns) | © TIME (ns) | 62 TIME (ns) | 152 TIME (ns) | 95
Pulse 1 — I + | i i i i
WIDTH (ns)) 0 WIDTH (ns) 5 WIDTH (ns) 3 WIDTH (ns) 3 Eose o e o WIDTH (ns), 18 WIDTH (ns) 4
- TIME (ns) | 17 TIME(ns) | O TIME(ns) | © TIME (ns) TIME (ns) ‘ 0 [ TIME(ns) | O TIME(ns) | 0
Ise (e 11 dl TR | ! . ! | J—— I | S | | !
(Inside) WIDTH WIDTH WIDTH WIDTH WIDTH WIDTH | ‘ woTH | woTH |
(ns)




ApXUTEKTYypa nNpoekTa

Dzhelepov Laboratory
of Nuclear Problems

. Joint Institute for
m) Nuclear Research

OcHoBHBIE 3TaIbl 00pa0OTKY U TIepeiaun JaHHBIX()

Datapath

FIFO4— IP 1—1 LINK_UP ARP
FIFO==p controller ICMP(PING)

AST INPUT DATAPATH MODULE
SRR -—]
SEEE—————— !
SRR 2 Port RAM AST
— 0]
= — = DATAARBITERs g
SERDES RAW DATA DATA DELAY —>» Decoders —» z Data2Link
BUFFER Array 64 inputs TO 1 outputs
SERDES : e
L CommIBUS\‘ { Control register
LINK MAIN
UDP Datapath controller
Packet
> DATA > prepare > —>FIFO
module CORE
ETH
UDP
wPComol—— mro e—— R M e
Validator |

A 5
_ ControlBUS {

Control register

ETH DATAFLOW MODULE

-

. 7 RX Control
_LllecontroIf FIFO <«— Arbiter UDP Control

\ Control2Link >

N : AXIS Packet AXIS AXIS
> Data2Link Gen (Data) FIFO —» (o oexux—>) FIFO DATA
= z AXIS Packet
JitterData2L ink Gen WITTER)> FIFO —>
< controlBUS > Control register L—> FIFO — st




