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Special electronics ensures KRION-6T ion source functioning was designed, created and put into operation

e Slow control system (thermometry, vacuum etc.)

e Electron beam production system

The new KRION-6T ion dynamics control system was
developed in 2017. Its task is to create a special potential
distribution for particle ionization and complex signal for
beam extraction.

e DC potential barrier formation modules (+3 kV, 10 mA);
e Pulsed pot. barrier form. modules (+2.5 kV, 8 mA);

e Beam extraction modules with a complex RE form;

e lon beam diagnostic system

Thermometry system and temperature controller :

e Measurement scale: 4 - 300 K;

e Accuracy: £ 0,3 % up 30 K;

* Measurement channels: 8;

* ADC resolution: 24 bit;

¢ Meas.frequency: 1 Hz - 3.75 kHz;

* Onboard current source: 10, 100 uA + 0.01%;
* Modbus RTU/RTU over TCP interface.

e lon dynamics control system (ionization and extraction processes)

Beam current measurement module is a new
low bipolar current measurement module with the

4 different scale inputs:

e Channel 1: 100 fA— 10 pA;
e Channel 2 : 10 pA — 10 nA;
e Channel 3: 10 nA — 10 uA;
e Channel 4 : 10 uA — 10 mA.







Axasemux B. WU. BEHCIEP
1907—1966

N T

CemuHap B [lome y4yeHbix




Yckoputenob «CUHXpoda3oTpoH» 1957

—

ey i e e ¥ T O - gt s -

¥
¥ -
o JE—
"

1 I
___________

YckopeHbl npoToHbl Ao 10 9B
[Mp1HUMN aBTOPa3MPOBKU
MarHut secom 36 000 TOHH
aHTUCUTMA-MUHYC TMNepoH

BHYTpeHHAA MULLEHb



[ynbT « CUHXpOPa30TPOHa»

CemwuHap B [lome y4eHbix 5/50



CemuHap B [lome y4yeHbix



Yckoputenb « HyknotpoH» 1992
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Special electronics ensures KRION-6T ion source functioning was designed, created and put into operation

e Slow control system (thermometry, vacuum etc.)

e Electron beam production system

The new KRION-6T ion dynamics control system was
developed in 2017. Its task is to create a special potential
distribution for particle ionization and complex signal for
beam extraction.

e DC potential barrier formation modules (+3 kV, 10 mA);
e Pulsed pot. barrier form. modules (+2.5 kV, 8 mA);
e Beam extraction modules with a complex RE form;

e lon beam diagnostic system

Thermometry system and temperature controller :

* Measurement scale: 4 - 300 K;

e Accuracy: £ 0,3 % up 30 K;

¢ Measurement channels: 8;

¢ ADC resolution: 24 bit;

¢ Meas.frequency: 1 Hz - 3.75 kHz;

¢ Onboard current source: 10, 100 uA + 0.01%;
* Modbus RTU/RTU over TCP interface.

KKBM-10

e lon dynamics control system (ionization and extraction processes)

Beam current measurement module is a new
low bipolar current measurement module with the
4 different scale inputs:

e Channel 1: 100 fA—10 pA;
e Channel 2: 10 pA —10nA;
e Channel 3: 10 nA —10 uA;
e Channel 4: 10 uA —10 mA.
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motivation:

unique facilities => unigue electronics




Ethernet MCU

INT INT
EREF CLK I, EREF CLK
TxDO <_} ] ETXDO
TxD1 ¢t ETXD1
TxEN ETXEN
MDEC < ] EMDC
MDIO EMDIO
CRS_DV ECRS
RxDO < <> ERXDD
RxDI ERXDI Current source
RIER
CURRENT IN
LEDI
LEDI [_——r0)
LED2 [ TiD?

Oh i) | (O =

NTUYECKMUI NTUHECKH] nvmzcm@

PAH[MBEF 1 TPAHCHBEP TPAHCHBEP K4 - 13
o R Focuy AR g—vmu

1-PLL LOCK 1-PLL LOCK 3 1-PLL LOCK
2-BAD Rx 2-8A0 Rx 2-BAD Rx
3-Rx LOS. 3-Rx LOS 3-Rx LOS
4-Tx FALLT 4-Tx FAULT

4-Tx FALLT
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Control
voltage

0- 3.3V

0 - 24V

CxemoTexHu4yeckoe moaenimposaHume

S L v2
v ov3 = IN
—
@ @24 Temp U1  OUT 21.74757V
24 > >
% LY
< M~
2 ®r—Imon LT3081 Ilim
2 R
S 2 SET
LN i
~N ~N
RS R6 R
1k 51k .tran.
R4 g
4/\{\/—|— AD8641
Vi K R 21747557y
~T'us 100 0-24 V, 1A
——Vdd -
P=24W
1.6k 10k
k=7.25
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CxeMoTexHuMKa

0-24V, 1A digitally controlled linear power regulator with feedback

TRANSFORMER POWER REGULATOR

+24V

15y K2C
vy ~
| )
L .
c42
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LEL - c49 cs1
L 0.1uF 47uF 25V
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IMO3GR = =L
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6
DA4  LT308IMPT7 v
POWER E e L A
[ POWEREN > 7 ¥RTR025NO3TL ]
R3] ga luarC
lok 1 load/5000
e 3| _mon 5[TEMP 5 [sET 1| tim  4|out
— pr— T 1and 1
— — <__ I load L
= = < ] —_|
TRy T U= (I/5000)*R c48 43 [R44 b—_l_cso R4S €53
10nF 22k 10uF 3.9k 0.1uF
= = = — 5 —
GND GND GND GND § GND
'2)[
C46 g
A
=
'=
e ) 10uF c
Vref 3.3V 124V
C47
11
1
ic 0.uF —— VDS
FB4 GND
DDs - Vout = 0..24V
o 5 | === 3 '}ﬁ'IOUR 3 N . Iout =0..1A
nCS 3 SYNK VFB 7 1 b 1 R4210R  VoltageRegulator
SCLE > == SCLK  VOUT A ] —Lc n . p ‘>ME : ’I : Vout >
SDI SDI . ; . DA3 ¢ AN s .
C43 InF 10nF . VD9 Cs52 C54
OPA202IDBVT s
FB3 —— | 22uF 100uF 35V
Vref 33V ~ 2| VREF GND 2 ! = = -4
el s2 | 1 0.1uF GND GND = = =
C40 C41 DAC8551IDGKR GND GND  GND
10uF 0.1uF
e = = — 1.6k0.1% 10k0.1%
GND GND GND GND GND k=725
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HV CONTROL FB

e p2t

At

3A0 «NIKOA»

KOHOEHCATOPGI
C OPTAHUYECKUM OAU3NNEKTPUKOM

ans PAAMO3IIEKTPOH'HOV'I ANMAPATYPbBI,
EbITOBOM M NMPOMBILUJIEHHOW 3/IEKTPOHHOW TEXHUKU

P’N Ans Hn3Ko4acToTHbIX uenen K73-

Chom = 0,00047...200 mk®
Uniom = 50...25000 B

Ans BLICOKOMACTOTHLIX uenein K78-

Chom = 0,00047...22 mk®
Unom = 100...2000 B

OTKPHITOE AKUWOHEPHOE OBIIECTBO

JNEKTPOBbLINPAMUTEIb

G g

AnexrTporexHuyeckan Komnanus

MEAHAOP
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Pa3spaboTka nporpammHoro obecneyeHums

void task KORAD(void *pvParameters) F ALTIUM
| ‘ DESIGNER
KORAD params KORADp, KORADtemp; =
KORAD_state *src state,src stateTEMP;
unsigned int V2set = 0, I2set = 0;
unsigned int State2set = 0;

while(1)
{
// set voltage Level if queue not empty
if(uxQueueMessagesWaiting (KORAD SetV gq) > 0)
{
xQueueReceive (KORAD SetV q, (void*)&V2set, (TickType t)0);
KORAD SetVoltage(V2set);

}

// set current value if queue not empty
if(uxQueueMessagesWaiting (KORAD SetI q) > 9)
{
xQueueReceive (KORAD SetI q,(void*)&I2set, (TickType t)0);
KORAD_SetCurrent(I2set);

}

// set output state if queue not empty

if(uxQueueMessagesWaiting(KORAD SetState q) > 0)

{ ] Modbus Poll - Generator-1.mbp
xQueueReceive (KORAD SetState q, &State2set, (TickType t BES B Coomnion_Sove, ek Dyl Vi Weon Wit
KORAD_SetState(StateZset),' DBBQ X - 05061516172223 TCy @ T W

QUARTUS'II

f=

} Tx =350 Em=0.1D=1.F =03 SR=1000r || [Tx=334 Emr=0.1D0 =2 F = 03. SR = 1000n

// read measured V I, and V I sets - : qu:
KORADp.meas v = KORAD GetVoltage(); | v | veuy
KORADp.set v = KORAD GetVSets(); s
KORADp.meas_i = KORAD_GetCurrent(); | ! ] \ al
KORADp.set i KORAD_GetISets(); | Oupresure h' 6| OuPressure p
! (El) Oxd349 : 1 ' i (AB) &(ﬂ:;
// clear prev measured data if queue is not empty B - 0000100 9 Status, 111011100000 1010

if(uxQueueMessagesWaiting (KORAD RdParams q) > 9)
xQueueReceive (KORAD RdParams g, &KORADtemp, (TickType t)¢

For Help, press F1. 127001 502
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. Drift tube structure Super conducting  Electron
k\"' ———m——— solenoid reflector
OQOutput: 0..+2.5kV
e Edgestime: ~5us
*  Pulses with: 20us—-10s
e  Max load current: 10 mA
*  Supply: + 24V, 300 mA

*  Overcurrent, short protection
* Hand & Remote control (Modbus RTU)
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‘-@ HANPSXEHHE 4
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gL [
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HV pulsed signal

trig. signals

—_—

v =
output signal, 1V =1kV

@

1 1s (@ 10.88ns |[ § 1
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3/4 VNHXEeKUNOHHbIN KOMNAEKC
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NHxKeKuMoHHbIM KomnneKc NICA
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NHXXeKTop TAXKeNbiX MOHOB
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MCTOHHVIK MOHOB KPMOH
' 7 /ll

lons produced and injected: 78Krl7+ 124Xe41+ 40Ar16+ 126+

 5.4TSCsolenoid  electron string * highly charged ions

* pulsedion source e cryogenic * unique technology
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MHbIW YCROPUTE/Ib TAXKE/IbIX NOHOB

Ao/

JlnHe
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KaHan TpaHcnopTtuposku JIYTU - BYCTEP

* doTo cTapoe, ceryac Bce o4eHb NO-APYromy, CJ0XKHee =)
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NHXXeKTop Nerkmx MoHos
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ESIS KRION 6T electronics

- vacuum Slow
- ion optics supply control

- HV electrodes

- electron gun supply
- synchronization

- thermometry

lon motion control system

- DC barrier modules

- pulsed barriers modules
- extraction modules

- interface modules

- drift structure divider

CemuHap B [lome y4yeHbix

Beam diagnostics

beam profile monitor
oscilloscopes

ion collectors

ToF system

indused signals
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- material
- emission:
- small size

- emission current

- heating power

No current

CemuHap 8 [lome y4YeHbIx

IrCe cathode

IrCe
thermionic
1.2 mm

6 mA

AC 1.5V 10A

Electron flow

cathode magnet

drift tubes
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Cathode node schematic

OCIT 1
USB
— gy
FIDI MK
Texmonormaeckas cete KPHOH UART
= UART
ETH ETH _ SFP+cep %
CBHTY Ha nuardopue SALTYCEN A

Caecrema cupxpormanas KPHOH 1

SFP |LCHHXDOEHIAIHE

v

DIN-5igmal JC04EMS-1C1-3

09231486021

BEICOEOBOMBTHEIA MOTYIATOD

34 K
SPELLMAN -HV

-

E-II}—‘ F)

:OnTHUCKHi TpAHCHBED e
E ocn 1 UART
: RS-483 L'TRT
SEP |, —l__ 4WRS.485
OTTHEA SFP + mec —
: CHHXPOHH3AIHA
OT-211E l

GNDf a

BIIH

control and sync signals optical exchange :
cathode heating power set and control
negative -1500 V formation module
negative -1500 V modulation
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Cathode node => interface module

The main idea:

2B FTDI ‘ZT‘"_ MK
B D I oS PR control and sync signals optical exchange
Crcrema curxpornsanas KPHOH h _A

e .. Interfaces: SFP, eth, RS-485, USB

R08880AR 8
D;’J
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OO
ST

|

e

.Q

R?5 R?4 8?3 R72 RZ1 R70 R&3
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Cathode node => Heating module

The main idea:

Biox nuTaHHA Hakada

RS-485
P 3 1B 10-15A

* _

cathode heating power set and control

points: 10 kHz sine, 1.5V, 10 A

‘mo

U NCIONCURCR RSN R RO RCEACHRCE N f (5

. 51 8 :
NONHONNOHDNNONNONNN
OO
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Cathode node => DC HV module
RS.485 (s The main idea:

1 samyck L
BBK Negative -1500 V formation module
BEICOKQBOABTPEIH H30IHP. IPe00pasoBaTels
t Rs485 v V1 Interfaces: RS-485, programmable
BHII-1(3)
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Summary

B Nuranme 3. nywin KPUOH-2 — O =
YT, Hakan H konTpoas K Tok, [A]
0100 0000 00,00
0-2300
HAaKaA EK/ELIKA KaTon
+ - ii BbIK/IHOUEH
@ ycraHoeka, [B] @ koHTpOAL [B]
1000 0000
0-1500
noTeHyuan danbLKaTos
BE/BBIKA
ii BHKAHOUEH

The NEW KRION-6T cathode node electronics
was designed, produced and tested

At the moment is putting into operation

For technical details — please welcome!
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Beam diagnostics => profile measurements

- sensitive:

down to 3 pC/channel
- PoE supply

- Modbus RTU

- modular (3U cases)
- pulsed: tint>10 us

0.5 mm N=21+21

%P res % L e Digital logic & control
42 | X

BEAM PROFILOMETE s
o B

Ti : ] Aot >
RIG IN # 4 = o)

WML

< 1'}» o/ o
® = i 5 > e
5 s
3 B

® Power oy

Use

\
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ny
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IMuxa: 22:03:19 Ilepuox 12 cex

3apsaa, yon. en.

Web interface: 55 Nuclotron run

IMpodwunm X

ITpopnnn nEXKeKOHN

3apsg, yon. en.

3apsaa, yon. en.

Kaxansi npounomerpa

N2 coxp. N4 coxp.

3apsg, you. ea.

Ar 16+ ~500 uA
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Kaxans npounomerpa

1M1 coxp. # 112 coxp.

lMpodwunm Y

CraTyc: YyTeHue faHHbIX..

KaHans npopunomerpa

N2 coxp. # 14 coxp.

KaHans npopunomerpa

1M1 coxp. #- 112 coxp.
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KOMaHAa pa3paboTYNKOB NHKEKUMOHHOro Komnnekca NICA
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YckoputenbHbin KoMmnieke NICA: npobnembl u nepcnektusbl — 2023

27 mapta 2023 1. to 4 anpena 2023 T.
Anbnnarepb «lLlei»
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VCKOPUTEJIBHBIM KOMIUIEKC
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Cnacubo 3a BHUMaHue!
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