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1. Brief introduction of UTEF

Ultrafast Transient Experimental Facility (UTEF) is
composed of a synchrotron radiation light source and an

electron microscope. Parameters of 500MeV ring
UTEEF is developed in 2 phases, phase I is a pre-research
project, including a 500MeV light source and an electron
microscope platform; phase II including a 3GeV light Energy 0.5 GeV
source and an electron microscope cluster, Ring circumference 76.78 m
Beam current 0.5~1 A
Phase I . (o Focusing type QBA
500MeV " ' EY Natural emittance 8.56 nm rad
Light Sour W=
il Working point (x, y) 6.198, 3.357 -
Length of straight section 8*4 m
Working frequency 499.8 MHz
Energy loss per turn 4.34 keV

Natural energy spread 0.37x10-3



Timeline of UTEF:

2024/04

Facility construction starts
2025/05

Linac starts install
2026/01

Storage ring starts install
2026/12

Project completed

Beam transport line




2. The development of LLRF

Parameters of 500MeV Linac

Parameters value unit

S00MeViE F HAS IR H Beam energy 500 MeV
t i Beam charge >1 nc
Beam length <1 ns
Energy spread <0.5 (rms) %
w] | [ @ﬁ Normalized <50 (rms) mm.mrad
" v emittance
Repetition rate 2 Hz
ol ¢ LRy (0 '1 » '{E{Qi 2 'I » 'I[.Ulﬂ n lI w 'Mﬂ % 'I » 'Mﬂw Working frequency  499.79/2998.74 MHz
- Amplitude stability 0.2 (rms) %

The layout of the Linac Phase stability 0.1 (rms) °



2.1 MTCA.4 LLRF

SIS8300-KU Properties

* 10 Channels 125 MS/s 16-bit or 250 MS/s 14-bit ADC

* 10 MS/s to 125 MS/s Per Channel Sampling Speed

* AC or DC Input Stage

* Internal, Front Panel, RTM and Backplane Clock Sources

* Two 16-bit 250 MS/s DACs for Fast Feedback Implementation
* High Precision Clock Distribution Circuitry

* Programmable Delay of Dual Channel Digitizer Groups

* Multi Gigabit Link Port Implementation to Backplane

* Twin SFP+ Card Cage for High Speed System Interconnects
» White Rabbit Clock Option for SFP+ Ports

* Two RJ45 Connectors (One Clock + 3 Data or 4 Data In/Out)
* XCKU040-1FFVA1156C Kintex Ultrascale FPGA

* 2 GByte DDR4 Memory (flexible partitioning scheme)

* 4 lane PCI Express Gen3 Connectivity

* Dual boot

* MMC1.0 under DESY license LV91

* In Field Firmware Upgrade Support

* Vivado Project for Custom Firmware Development
DWC8VMI1 SIS8300KU * Zone 3 class A1.0, A1.0C or A1.1CO Compatible
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Sample clock/Trigger selection

for user
application

for user
application

SIS8300KU
AXI-based Xilinx FPGA framework

j‘.t.t a2 2 o ok o o e ROk ROk R LR 2L 2] !
/* initialize clock distribution multiplexer -
,‘.l.t EREREK kRkEERERERERRRERE kR kR HERER j
// clock source = @: internal 258MHz clock oscillator

//{ clock_source = 1: external SMA clock

// clock_source = 2: external HARLINK clock

f{ clock_source = 3: external RTM clock @ 1 (no MUX setting necessary

// clock_source = 4: external RTM clock 2

// clock source = 5: external TCLKA

f/{ clock_source = 6: external TCLKB

// else: internal 258MHz clock oscillator

clock_source = 9 ; f/ internal 256MHz clock oscillator

*(pcie_register_axi_ptr + SIS8308_USER_CONTROL_STATUS_REG) = ©x8088l; // set user Led U

initialize process_state = INITIALIZE CLOCK_MUX_STATE ; //

sis_write control_reg(Bx80000000 + (initialize process_state & Oxff)); // enable pcie register access
initialize_clock_distribution_multiplexer(pcie_register_axi_ptr, clock_source);

*(pcie_register_axi ptr + SIS830@ USER_CONTROL_STATUS REG) = ©x1e8e@; // clr user Led U

#ifdef DEBUG_PRINTS
print("initialize clock distribution multiplexer finished\n\r");

#endif
Register 0x10, Ox11
External External Trigger Pulse R —
Trigger logic ARt A Ch 10 Trigger Pulse
_
Enable External Trigger Disable Sampling Ch10 D
ADC Sample Control reg bit 11 ADC Sample Control reg bit 9 R
0x11 0x11
Internal ’
Internal T Pul:
FIRMhreshold e 99eT 0 5% » Trigger Pulse
Trigger logic AND OR —
Enable Internal Trigger
ADC Sample Control reg bit 10 ” AND Ch 2 Trigger Pulse
0x11 Disable Sampling Ch2
ADC Sample Control reg bit 1 —
Ch 1 Trigger Pulse
,Start Sampling Immediately” Command . . AND Lb
PCle Wiite 0x1 to ADC Acquisition Control 5‘;52‘5 STmé)“"‘g |Ch1 T
S ample Control reg bif [

reg 0x10




Register space

No. Offset Function Bit RW PV name
CPU o SIS8300KU 1 | 0x400 | Chldelay (15 downto 0) R/W | SET_CH1 DELAY
°
o 5 o _ ch2 delay (31 downto 16) SET CH2_DELAY
SlS S o o > Register
AP M £ 5 £ 2 | 0x401 | Ch3delay (15 downto 0) R/AW | SET_CH3_DELAY
Application SIS Ko} e, BhD
software driver E d - Dl ﬁ Ché4 delay (31 downto 16) SET_CH4_DELAY
i o 2
< > 2 2 g > Memory 3 | oxa02 | chsdelay (15 downto 0) R/W | SET CH5 DELAY
o
Ché delay (31 downto 16) SET_CH6_DELAY
Offset Access | Function Note 4 0x403 Ch7 delay (15 downto 0) R/W SET_CH7_DELAY
0x00 R Module Identifier/Firmware Version register Ch8 delay (31 downto 16) SET_CH8_DELAY
0x01 R Serial number register
0x02 R/W | reserved 5 0x404 Ch9 delay (15 downto 0) R/W SET_CH9_DELAY
sl W [xeevicd Ch10 del 31d to 16 SET_CH10_DELAY
0x04 R/W | User Control/Status register (JK) e (31 downto 16) - =
0205 R |Firmware Options register 6 0x405 Trigger delay (15 downto 0) R/W | SET TRG_DELAY
0x06 R/W | ADC Temperature Sensor interface register
007 | R PCle Status register 1 7 0x406 chl start time (15 downto 0) R/W CH1 SETTIME
Ch2 start time (31 downto 16) CH2_SETTIME
0x10 R/W | ADC Acquisition Control/Status register
0x11 R/W | ADC Sample Control register 8 0x407 Ch3 start time (15 downto 0) R/W CH3 SETTIME
0xl2 | R/W_ |MLVDS Input/Output Control/Status register i . ’
0x13 R/W | RJ45 Connector Input/Output Control/Status register 1 Shiisartme (31 dowmtg 16] i
0x14 R/W [ SFPI Link Control/Status register 1
0x15 | R/W |SFP2 Link Control/Status register 1
0xl6 | / 2 3 Status regis 1 : : : ;
<16 | RW_|Pont 12 Link Control/Status register The external register interface provides the user with the
0x17 R/W | Port 13 Link Control/Status register 1 o . . .
0218 | R/W |Port 14 Link Control/Status register 1 possibility to implement up to 3072 32bit registers on the
0x19 R/W | Port 15 Link Control/Status register 1 . .
. top level of the HDL design. The registers are embedded

into the devices regular register space from address 0x400
to OxFFF.

Register for hardware configuration:
Address map from 0x00-0x3FF



DDR4 Memory

Address 0x0 - Ox7FFFFFFF: DDR4 selected Memory

Each ADC channel has its own Memory Address Control Logic
Memory Sample Start Block Address of each channel
ch1-ch10: 0x000000, 0x100000...... 0x900000

. J . M-AXI
ADC ch2 Ch2 Trigger Pulse ROfFlags CH2 Memory
chzgaa ;' | Trigger Block Cha data® . Bufler Fifo ch2 data+ fmmtooe
- ; 7 ) (5122512) ’ Addr_Reg: 0x121
- Threshold FIR Ch2 Gate =
o) Bblayegi | el N
- Delay0 ADC cht Ch1 Trigger Pulse ROFlags CH1 Memory
(programmabie) o dnn ' Trigger Block = * L - Address Logic
"] -TnveshddFR | cni cate “gma 7 Addr_Reg: 0x120
- data: 4 clks delay ———————*
ADC1 Cik (DCO)
R — ADC1 Cl
Delay ~610ps
ADC1 Clk domain

ADC sampling logic



DMA Space

User DMA space:

Address 0x80000000 - 0x9FFFFFFF: free User DMA space

Address 0xA0000000 - OxAFFFFFFF: Test-BRAM User DMA space
Address 0xB0000000 - 0xBOOOFFFF: DAC-RAM

Address 0xC0000000 - OxC7FFFFFF: SFP1-BRAM User DMA space
Address 0xC8000000 - OxCFFFFFFF: SFP2-BRAM User DMA space
Address 0xD0000000 - 0xD3FFFFFF: PORT12-BRAM User DMA space
Address 0xD4000000 - 0xD7FFFFFF: PORT13-BRAM User DMA space
Address 0xD8000000 - 0OxDBFFFFFF: PORT14-BRAM User DMA space
Address 0xDC000000 - OxDFFFFFFF: PORT15-BRAM User DMA space

DMA address for Feedforward Table:

I - 0XA0000000-0XA00001FFF

Q - 0XA00002000-0XA00003FFF
Amplitude - 0XA00004000-0XA00005FFF
Phase - 0XA00006000-0XA00007FFF

4 addra[11:0]

inst_sis_pcie_intf

inst_sis_ku_endpoint_device

[ ——— LTV I N R

eeeeeeeee 2555 |uaticals

Leaf Cells 6205

Inst_pcie_register_bank ~ £221 [Cmeed

Hierarchy of sis_pcie_intf

i_blk_simpleDualPortRam_2Kx256

uo

addra[11:0]

addrb[11:0]

addrb[11:0]

clka

clka

3 clkb

clkb

4 dina[255:0]

dina[255:0]

douth[255:0]

doutb[255:0]

¥ ena

ena

3 enb

enb

4 wea

sleep

wea

...mpleDualPortRam_2Kx256_blk_mem_gen_v&_4_3_HDE

blk_simpleDualPortRam_2Kx256_HDS

Schematic of simpleDualPortRam



Pulse compressor

Delay 2.00 us

Rising 0.00 us

Aat 4.00 us

AMP 8.00 (0-8)
Phase  30.00  (-160~-+150)
Inv, Time  1.00 us

End Amp 4.00

Beta 10.00

Qo 20000.00

, : ‘ J ' To get a flat-top pulse, amplitude
. P of SLED input pulse should follow
© E. f .
N n ' '] the equations below
a i
g o ‘ C " C [e=1]le=1,)
B0 — E,(r,<t<t)= +[1—e T"——}ae %
= s a-1 a-1
| PR
z—-
! 1 . .
0 1 2 B i 5 e R ) i B s T -l 0
o (=1}t —t )}t T 5
t/us 1 — ae Pl ik
Waveform of output of Pulse compressor
el o 30000
wm—é n—% muﬂ—i
ZIJIIII—E: -ﬁll—Eg l[lll]ﬂ-:—:':
3 3 03
10“—5 J -HII—Eé _|m§
03 1503 200003
‘"Jm: T | L T | L T T -ZW:: T T T T T T T T T 'm:.; T T T T - 1 T T T T
-20 0 20 40 60 a0 -20 1} 20 40 60 80 -20 0 20 40 B0 80
Time f us Time { us Time fus

Feedforward table
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2.2 SoA, CLK&LO

Solid state amplifier

1.Working frequency:
2.Bandwidth:

3. Pulse width:
4.Repetition rate:

5. Output power:
6.Rising edge/Falling edge:
7.Rising edge jitter:

8. Pulse flatness:

9. Pulse phase shift:

10. Amplitude stability:
11. Phase stability:

499.784MHz/2998.704MHz
>+2.5MHz@1dB
0.5-30us/0.5-4ps
1-50Hz
>2000W/1000W
<0.1/0.1us

< 5ns

<0.2% (rms)
<1°(rms)
<0.02% (rms)
<0.02 ° (rms)

AW N~

CLK & LO
Mo Liams e
Main RF 499.79/2998.74MHz
LO 474.80/2973.75MHz
IF 24.99MHz
ADC Clock 124.95MHz
. Working frequency: 499.790/2998.74MHz

O 00 3 O L B W N —

. Input power (CW) :

. Ref. signal power (CW) :

. LO signal power (CW) :

. Clock signal power (CW) :
.LO phase noise:

. Harmonic suppression:

. Spurious noise suppression:

. Power stability:

0-3dBm

> 15dBm

> 15dBm

> 15dBm

<50/36fs @[10Hz, 10MHz]
> 50dBc

> 65dBc

< £0.1dB (1min)



Carier 474,800508 MHz
H

7.0356 dBm

795.2565 dEC/H

~153.2769 dBC/Hz
-160.7007 dec/Hz

Yaunawnr

v,

Analysis Range X: Band Warker
Analysis Range v: pand Marker
I 1 -83.1711 dBc / 10 MHz

RMS Noise

5.6
Rus Jitrer: 32,006 fsec
Residual FM: 321,984 Hz

474.801MHz
32.906fs @[ 10Hz; 10MHz]

Frinter Setup ...
Tnvert Image
on
Dump
Screen Image ...
MiscSetup

Backiight
ON

Instrument Setup

Service Menu

Product
Information

Help

Return

GHz

6.2472 dBr

dac/nz

oise —
Analysis Range X: Band Marker
Analysis Range v: Band Marker
Intg Nofse: -69.402 dsc /10 Mz

RMS Jitrer: 23619 fsec
Residual FM: (1112336 khz

2973.751MHz
25.619fs @[10Hz, 10MHz]

Reference Oscillator

Return

The phase noise of LO signals
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3. Relevant tests

LLRF1 SSA Plot - o x
Oscilloscope
Ampaverage (16373 | Avg StartTme 4000 ns
Phaaverage 12000 Avg Length 500 ns
[ Geta Grepn I 7 e Greon N 2oy Grapn |
20000 20000
10000 15000
Pulse generator : o000
5000
10000 o
MTCA.4 chassis P NN [ (P45 E—
; = 5 0 5 1 15 20 -5 i 5 0 15 20
S O\ X SARRENERERT = fime (45 e fus
CLK & LO L S
10000 e skt
5000=
TTL to LVDS 0 E
e 100>
Signal generator [
-5 0 5 10 15 20 -5 o 3 10 15 20
Time / us I(R) Q(B) Time {us

Desktop testing A/P stabilities(rms): 0.01%, 0.01°



3.1 Klystron acceptance test

Vacuum  Modulator
control

Oscilloscope

Signal
generator

Klystron

E37302A, 45MW, 2998MHz

Canon electron tubes & devices Co., LTD

Modulator

Pulse generator,
LVDS Converter,
MTCA.4 LLRF,
CLK&LO

Power meter

Solid
state amplifier

Signal
generator

10MHz

Pulse
genenrator

Ton pump
control unit

|

CLK & LO

o] I
O =

Ref.

LLRF

Trigger

SSA Klystron
[

Oscilloscope

Load

|

| |

|

Ton pump
power supply

Ton pump
power supply

Gauge
controller

Power meter

Blocks of test platform




Coolant flow
Collector and body
Coolant temperature
Coolant flow »| | HV Interlock
Oil tank
Coolant temperature
Coolant flow Focusing coil
Coils "' | Power supply
Coolant temperature |—
Coolant flow
Waveguide window
Coolant temperature Modulator
Coolant flow
Modulator
Coolant temperature

Trigger interlock

VV VY

v

LLRF




Klystron acceptance test

1200 —Charge Voltage (V) —Output Power (MW) . Klystron RF conditioning time

§
1000 50 No.1 2024.5.17-9.3
800 40 No.2 2024.9.28-11.7
600 30 No.3 2024.11.13-11.14
400 20 No.4 2024.12.9
200 10 No.5 2024.12.12-12.13
0 e 0 No.6 2024.12.17-12.18
2024/5/3 0:0 2024/7/22 0:00 2024/10/10 0:00 2024/12/29 0:00
No.1 klystron@2024.06.15-2024.06.22 No.4 klystron@2024.12.09
—~Charge Voltage (V) —Output Power (MW) =-Charge Voltage (V) -+ Output Power (MW)
1200 50 1200 50
1000 + & N ¢ 4 - 1000 i ' " 40
_ . 800 ,
800 ; § i " %
600 J of 1 | 600 ‘ H— , -
$ | | | ."‘ .'I
400 | g i i) : || 20 400 1l * . t : : }
§ _ ': " a0 1/ L'- \f
. . 1| . r 10 ! .1 .f D S, \ 10
200 Lj j f H it 200 W 1 g \/ |
0 : i l = 0 4 4 ot ® ¢ 0

2024/6/15 0:00 2024/6/19 0:00 2024/6/23 0:00 2024/12/9 13:12 2024/12/9 16:33 2024/12/9 19:55
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0:00:00

100E-03 -
1O0E-04 |
100E-05 |
100E-06 |
100E-07 |

100E-Q8 !
00000

2:24:00

db

22400

4:48:00

71200

lon pump power supply

—=— Current_Cutputpa)

9:36:00 12:00:00

Gauge controller

——\Vacuum_Output{mbar)

9-36:00 12:00:00

Vacuum data@ 2024.06.19

Current_Load(ud)

14:24:00

Vacuurm_Load{mibar)

14:24:00

164800

19:12:00

21:3600

21:36:00

0:00:00

0:00:00
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Amplitude/Phase stability (rms):
0.02%, 0.03°

Final status of the acceptance test



3.2 Test with timing system

499.79MHz
STD-EVO/EVG
| |
STD-EVE
A J ¢ b J
v STD-EVE STD-EVE STD-EVO/EVR
STD-EVO/EVR

TTL@ SE-BI -

Y L J

STD-MOE TTL@TL-BI TTL@LA-BI ST@LA-MOD

k.
STD-MOE
ST (@SR-Septum

TTL@ SR-Kicker

l

LVDS@LA-LLRF X0

The layout of timing system

X0

Y

STD-EVO/EVR

ST@LA-SSA

Y

STD-MOE

l

TTL@LA-Egun

22



19 inches 1U standard chassis,
110/220V 50-60Hz AC power supply
B event clock delay, 1/20 event clock delay, Sps/step delay
B recovery RF clock frequency range is 60 — 5S00MHz,
B Embedded IOC installed (uclinux 2.6.30.4)
In front panel:
B | RF clock output (-3dBm)
B | interlock input (TTL)
STD-EVO STD-EVE B | fiber input (SFP module)
- B 8 TTL output (SFP module)
In rear panel:

19 inches 1U standard chassis, B 1 10/100Mbit Ethernet port
110/220V 50-60Hz AC power supply B [2 TTL trigger output (8 NIM trigger output optional)
B Configured as EVR, EVG and FANOUT by software
B event clock delay, 1/20 event clock delay, Sps/step delay
B event clock frequency range is 60 — 135MHz
B RF clock frequency range is 60 — 500MHz,
B Support cascaded EVG function with different event clock frequency STD-MOE
B Embedded 10C installed (uclinux 2.6.30.4) - 19 inches 1U standard chassis
In front pane]: 110/220V 50-60Hz AC power supply
B | RF clock input (0—10dBm) In front panel:
W | interlock / AC-line input (TTL) W 4 fiber inputs (SFP module)
W | fiber input (SFP module) W 4 TTL outputs
W 8 fiber output (SFP module) In rear panel:
In rear panel: B 4 interlock inputs (1 interlock input/channel)
B 1 10/100Mbit Ethernet port
B 10 optic trigger output (HFBR-1414/ST)




Puise widih | Delay step_litter(RMS)

Linac E-gun

Modulator

Solid state amplifier
LLRF

Beam inspection

Transport line

Beam inspection
Storage line LLRF

Septum

NLK

Beam inspection

Beam inspection

Beam line

D W W O O W

4us
4us
4us
4us
4us
4us
60us
0.5us
4us
4us

Sps
10ns
10ns
10ns
10ns
10ns
10ns
10ns
Sps

10ns
10ps

30ps

150ps
150ps
150ps
150ps
150ps
150ps
150ps
150ps
150ps
150ps

ST
ST
*RJ45
SMA
SMA
SMA
ST
BNC
SMA
SMA

24



Integration test of LLRF & Timing system

TR EE

apaaa@an, .

Timing OPI

. 2
DoppaopaEaEE ¢
i




3.3 E-gun commissioning

Field conditions is limited, space Interference is severe, good grounding
1S necessary.




——

300.00 W/div

— R! i ||-

-305.44 W

-29.14 ps 9.79 ps/div

1.7590 kW | P

200.00 W/di

Cavity voltage:55kV,
No multipacting

-288.70 W

-8.00 ps

5.00 ps/div

LWW/div

-297.07 pW
-21.47 ps

78.53 ps

i 22341 ps |t
P 20593 mw|Pp
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Working frequency (MHz)
Input power (MW)

Pulse width (us)

Qo

Coupling factor
Multipaction factor

Effective pulse width (us)

2998.74

45

Test with pulse compressor

MTCA6 ACC_A_F Graph X

CS-Studio

Measurement DAQ Channel
Amp.avg 1020 Avg Start Time (ns) 4000
Pha.avg -44 Avg Length (ns) 100
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A4 Summary

1. The development of MTCA.4 based LLRF 1is finished.

2. Relevant tests with klystron, timing system, sub-harmonic buncher, pulse compressor
have been done, the performance meets our requirements.

3. Next step: installation and commissioning at the linac.



Thanks for your attention




