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Superconducting accelerator complex NICA
(Nuclotron based lon Collider fAcility)

Fixed target experiments Spin Physics
area (b.205) Detector (SPD)
Extracted beamns from
Nuclotron

IKKRION-6T
and HiLac
(3.5 MeV/u)

Y
\ ‘ /
, \ V Booster (3-660 MeV/u) Multi-Purpose

inside Synchrophasotron Detector (MPD)
yoke

LU-20

(5 MeV/u) Nuclotron

0,6-4,5 GeV/u
Cryogenics

Page 2



Signal synchronization system concept

Superconducting accelerator complex NICA
(Nuclotron based lon Collider fAcility)

Fixed target experiments Spin Physics
area (b.205) Detector (SPD)
Extracted beamns from
Nuclotron

HV

IKKRION-6T
and HiLac
(3.5 MeV/u)

Booster (3-660 MeV/u) Multi-Purpose
inside Synchrophasotron Detector (MPD)

Nuclotron yoke
0,6-4,5 GeV/u

Cryogenics

Page 3



Signal synchronization system concept

Superconductlng accelerator complex NICA

irlor £A~ilitvN \|
HV

— e-cooler

Fixed target expe
area (b.20!
Extracted beam
Nuclotror

KRION-61
and HiLac
(3.5 MeV/L

...........

Multi-Purpose

SPP a Detector (MPD)

LU-2
(5 MeV

A ll -:—lt\‘-'nn

Page 4



Signal synchronization system concept
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Development of Timer module. HILAc timing
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L2 A 1 ms 10 mks

o Ut . - D1.D2 A 367 ms 10 mks

== solenoid 1 solenoid 2 T1.1T2.1 A 3.67 ms 10 mks

1 1 0 - T1.2T2.2 A 367 ms 10 mks

: rUS mod n 1 ms 10 mks

£ To the mod n 1 ms 10 mks
.,2. g ﬂ RFQ mod n 1 ms 10 mks
g g 43 mod n 1 ms 10 mks
o : ~ mod ] 1 ms 10 mks
i ﬂ Gj mod n 1 ms 10 mks
a mod n 1 ms 10 mks

Naszep ] 100 mks 10 mks

= i HT-150M A 180 mks 10 mks

— ; LLRF A 150 mks 100 mks

;o /%) RFQ ampl A 250 mks 150 mks

Buncher ampl T 250 mks 150 mks

IHZ ampl A 250 mks 150 mks

T1 IH1 ampl A 250 mks 150 mks

B p2 T2 BPMLEBT A 113 mks 120 mks

D1 IH 1 IH 2 10 mks

10 mks

10 mks

100 mks
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Development of Timer module. LU-20 timing

MEBT
QT + (Bu) +QT
e o
S _
0 i LU-20 (DTL)
u | _ o | +
o — ] &l d 12 impulse
C ) lenses
e
L N ns-16 B
U n OBanpoYHaa MULLEHDb M- J13-18 B HyknoTpoH N
Y H®-2 ednekTo
- ‘I-MN‘N.N"/l Hec P na-21 u
2 0 er Lo ‘. ~AV"> De6anuep NK-6 c
0 - N8.19 A{/.}' M-2 M-3 -4 |
A 4( AV/ _ AK-5 0
ol TN
%J’IH«D—H Ne1-12{cneesa HanpaBo) - LiP-3 r
Li>-4 Bergoz 0
A“Mema YCTAHOBKM BaKyyMHbIX HACOCOB N

Page No 7



Development of Timer module. LU-20 timing

MrHa KﬂHﬂnaIMI'I Janepxka NNUMTEenbLHOCTL HMrma kaHanalAf1| Sanepxka INnUTEeNnLHOCTE
neu A 951 ms kT Xe-nyo A 11.11|ms 20| mks
mod n 100 ns 100 ns WKP-NY1 A 10.01 ms 20 mks
mod M 100 ns 100 ns MKP-NY2 A 10.01 ms 20 mks
mod M 100 ns 100 ns KP-NY3 A 981 ms 20 mks
nod n 100 ns 100 ns KP-NY4 A 10.11 ms 20 mks
o n 100 ns 100 ns MKP-NY5 A 9.81 ms 20 mks
o n A e P MKP-NYE A 961 ms 20 mks
ELI i T e 20 mke | JOKPNY7 A 9.41 ms 20 mks
n 100 n 100ns o n 00 00l
D nE nE
|mmm—m g 0 o0l 00|
A= e L BimEs  |mod n 100 ns 100 ns
A = vall o 20 mks  oxaous A 9.81 ms 20 mks
np2 A 740 mks 20 mks  yeous A 9.81 ms 20 mks
mod n 100 ns 100 ns AXe-NY10 A 8.91 ms 20 mks
OCcu A 300 mks 20 mks o auiia A 10.31 ms 20 mks
mod M 100 ns 100 ns NXE-NY112 A 10.51 ms 20 mks
mod n 100 n= 100 n= mod n 100 n=s 100 nz
MHPNEKTOP A 451 mks 1 mks  XKP-HI A 10.2 ms 20 mks
AlLN A 355 mks 20 mks  JIKP-H2 A 10.2 ms 20 mks
Typical time delay = 0,1 — 100 ms Typical time impulse width = 0,1 - 100 us
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Development of Timer module 6U

RS485
Modbus

—— e — — — —

External Clock input 40 MHz
40 MHz Clock output
(Master mode)

External trigger Start input
Start output (Master mode)
8 output channels

Inverse output mode

32-bit timer for delay

32-bit timer for impulse width
500 SMA, SMB, Lemo,

BNC, Optical standarts support.
Operating by RS-485 Modbus
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Timer module with submodules
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Timer’s submodules

___________________

___________________

shaper
submodule ¢
. ®
_ 4-channel

: o
LEMO ¢
@

" submodule
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Derived form impulse
Up to 50V amplitude
Up to 5 (SMB) channels
Photocoupler isolation



Timer module 6U with submodules layout




Alias
CH1_del_LSB
CH1_del_MSBE
CH1_width_LSB
CH1_width_MSE
CH2_del LSB
CH2_del MSBE
CH2_width_LSB
CH2_width_MSEB
CH3_del_LSB
CH3_del_MSB

(=]

[ole [~ o [ & |w[m |~
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Timer module 6U debugging
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B9 5005 ~112. 00ns  Developed 8 channel Timer
’ module with plug-in interface
submodules

For each of 8 channels:

40 MHz input clock

100 ns — Min time setting
107,37 s — Max time setting
Time step — 25 ns
Maximum jitter - 25 ns

ﬁt -178ns _ 1/41=5. T1MHz : DC
2.00V BW - 2. 00¥ - 2. 00% H:500nY

DCSOQ DCSUQ DC1MQ CH1 + CHZ
ofs 80. Om¥nfs -17dm¥|ofs 6. 16¥|ofs 1. 44¥Empty

f27. 76148Hz 1G5 500 pts RTC:2017/09/

Page N2 16




NEC’2017

26’th International Symposium on Nuclear Electronics & Computing

Thank for your attention!

Montenegro, Budva, Becici, 25 September — 29 September 2017



/O to opto module 6U

* SFP optical interface
_____________________________________________ - * 40 Msps
/0O to opto module 6U + Up to 40 MHz clock
output
PoE power supply

Serializer

S G

Deserializer

Ethernet
Controller
PoE
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Timer module 6U

Timer module 6U
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RS485
Modbus !




Signal synchronization system of the Nuclotron

Tinj
Bos

start of cycle end of cycle t
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Quartus

START [——T=IVE
CLK [— =TV
SPI
o —— cLK MISO
SPI_CLK | — e SPI_CLK DELAY_CHANEL_1[31..0]
SPI_MOSI | — Mos! WIDTH_CHANEL_1[31..0]
SPI_CS 4R —cs DELAY_CHANEL_2[31..0]
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WIDTH_CHANEL_2[31..0]
DELAY_CHANEL_3[31..0]
WIDTH_CHANEL_3[31..0]
DELAY_CHANEL_4[31..0]
WIDTH_CHANEL_4[31..0]
CONTROL[15..0]

level top design file

inst1

[15..0]

CONTROL]

Evs

Impulse
START out JOUTRUT P~ "CHANEL_1
DELAY[31.0] Diinker
CLK
CONTROLIO] WIDTH[31..0] | Chanel_output ~ OUT foureur 7 1Ep 1
CONTROL[1] EN CLK_1220Hz
INV PWM
EN
inst
inst29
Impulse
| START out JOTBT 5 "CHANEL 2
DELAY[31.0] Diinker
CLK
CONTROL[Z] WIDTH[31..0] | Chanel_output ~ OUT foureur —— 1ep 2 ]
CONTROL[3] EN CLK_1220Hz
INV PWM
EN
instiL
inst30
CLK_FORMER
CLK out
1220Hz
inst24
Impulse
| START out JQUTRUT [ CHANEL 3 ]
DELAY[31..0] blinker
CLK
CONTROLIA] WIDTH[31..0] —| Chanel_output ~ OUT JoUTRUT _— 1ED 3 ]
CONTROL[5] EN CLK_1220Hz
INV PWM
EN
inst12
instaL
Impulse
START out }0““’“7 > CHANEL 4
DELAY([31..0] biinker
CLK
TONTROLIE] WIDTH[31..0] | Chanel_output ~ OUT jouTelT T 1ep_4
X ConTRoLT] EN CLK_1220Hz
INV PWM
EN
inst13
inst32




Quartus level top design file

mpul==

START ouT
DELAYT31..00
WIDTH[31..0] SRS B DR Chanel_output  OUT
EM [ S R — CLK_1220Hz

W ;

. VBlinksr

nsiil

S I
DELAY_CHANEL_1[31.0] —
WIDTH_CHANEL_1[31.4]
DELAY_CHANEL_2531.4]
WIDTH_CHANEL_Z[31.4]
DELAY_CHANEL_3(31.4]
WIDTH_CHANEL_3(31.4]
DELAY_CHANEL_431.4]
WIDTH_CHANEL_4[31.4]

CONTROL[5.]

CLK_FORMER

CLK ouT
1220Hz
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