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Introduction to our facilities.
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Introduction

CSNS (China Spallation Neutron Source) — China’s first pulsed neutron source.

- - - : """h".

T

. m RCSNS IT upgrade

_ |Phase ______|CSNSI |CSNSI
= Beam power on target 100 kW 500 kW
* Linac energy 80MeV 300MeV

~ Extraction beam energy 1.6GeV 1.6GeV

Average Beam current 62.5uA 312.5uA

. : Repetition 25Hz 25Hz
= [ SR ES protons per pulse 1.56E13  7.8E13
H- RFQ MEBT DTL 324MHz Spoke 648MHz elliptical |  303MeV
Cavities Cavities

50keV 3MeV 3MeV 80MeV 154MeV Page 3



Introduction

SAPS Southern Advanced Photon Source
* 4th generation medium energy synchrotron radiation source
SAPS-TP Southern Advanced Photon Source Test platform SAPS

Storage ring 3.5GeV
Beam energy

emittance 31.7pm-rad
o S circumference ~ 1080m
SAPS-TP »y o o RF frequency 166.6MHz
‘ SAPS-TP

» Superconducting RF Hall

« optical experiment Hall

* low temperature Hall

* High-accuracy measurement Hall
» Comprehensive laboratory
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Introduction

2 vertical test pits

a horizon test station

Can be applied:

* 324 MHz spoke cavity
648 MHz elliptical cavity
500 MHz elliptical cavity
1.3GHz elliptical cavity
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single cavity regulation - system architecture

Piezo K
pf \jr MO o
a REF
Motor | SSA/Klystron _—‘
[ ] MicroTCA.4
Piezo
Driver FMC AMC RTM
-H Vol shift < ZYNQ DAC Q
Motor 1 FPGA 2chs 1 WM
Driver H DAC&ADC <1’ " L)
Intlock n LLRF | ADC IF Down [*
signals DIO [ intLock 8chs conversion |«
[ ] ;.ﬂ Ethernet {1_ARM CLK | -
L

The single cavity regulation system based on MTCA.4 for SAPS-TP
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Hardware platform

A domestic MTCA .4 chassis including:
« 2 1.6kW power modules (one for redundancy)
« 2 Cooling Unit (CU) modules.

s|npoy 1emod
OV
OV
OV
OV
OV
OV
OV
OV
OV
OV
OV
OV
HOW

RINPOIN Jomog

Management

L :! Power

I MMC mezzanine Card
A domestic multifunction digital AMC module

b, ¥ T . »
X 4 s
=) b
;

tuning control FMC card

down-conversion and up-conversion RTM module.  {jder development

Page 1



Hardware platform

SAPS-TP 648MHz Elliptical Cavities Single Cavity Regulation based on MicroTCA .4

Cavity detuning control < LLRF system
|
— oV pulse :
T S|gnal
Motor Driver
O~10V
TCEEES
FMC -
Piezo Driver

Arc vaccum temperature water flow

Interlock system



multifunction digital AMC module

« MTCA .4 standard & pRTM ZONE3 Class A1.1CO
* Double-width mid-size

» 8 Channels 125 MSPS 16-bit ADC

e 2 Channels 500 MSPS 16-bit DAC

« XC7Z045 Zyng-7000 SoC

* 2GBytes DDR3 memory size

* 1 FMC LPC Slot (VITA 57.1)

* A4 lanes QSFP cage

* Front panel digital I/O (10 pins LVTTL)

* A Gigabit Ethernet interface

* Front panel Clock input

A front-panel USB provides console DisplayPort




multifunction digital AMC module

A goal: one AMC board can constitute a complete system and can implement complete project applications.

—
Ext Clock source — N RTM Module
=
[¢]
- 3 Down-Converter
o - S Up-Converter
Network communication a Direct Sampling
. . e (@]
Remote monitoring <—>- g
OPI
. . ITAG — ZYNQ SOC
Trigger Signals Dual DAC © T
nter-Lock Signals EPICS 10C O
«—>| Digital /O EPICS 10C| o
_— <
Timing & Interlock AXI GP&HP bus = >
. — QSFP < z
Timestamp... g 2
. (i @
FMC Board — FMC LPC | i Kintex-7 LLRF §
] | FPGA Interlock : e
Motor Controller | | 53
Piezo Controller LED | | -
optical fiber communication
Hot-swap SW MMC Connector
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multifunction digital AMC module

* AD: Analog Devices AD9268 * Compatible analog front-end circuit design
* 125MSPS 16bit * Intermediate frequency range: 5-100MHz
* Bandwidth: 650MHz * Direct Sampling: 5-400MHz (650MHz? Try)
* Qutput Interface: DDR LVDS * DC coupled

* DA: Analog Devices AD9783
* SOOMSPS 16bit [18] RTM_ADC_CHOP <3} e
* Output Interface: DDR LVDS ™ ™77 7 jemyonnncscon DC/AC coupled is optional

R552 NC-1DC_ADC_CHO_N

PAD TO PAD

31 1 CHY PA+ CHI_PA- Lpaco: DACO- | cHo TR+ CHo_TF-

2 CHB TF+ CHB TF- lmg and CH8_PA+ CH8_PA-

3| cHr pA+ CHT PA. DACI: DACI | [cAr T CH7_TF-

4lcHp T+ CHB TF- and and CHb_PA+ Chi6_PA-

Anekog signels 5{cHs pA+ CH5 PA. DAC2+ DAC2- CHS_TF+ CHb_TF-
6] CHa TF+ CH4 TE- and gnd CH4_PA+ CHd_PA-

71.cHa pA+ CH3 PA- DAC3+ DAC3- CH3_TF+ CH3_TF-

8lcHp TF+ CHp TE- and and CH2_PA+ CH2_PA.

olcH1 pas CHI PA. DAC4+ DACA- CHI TF+ CH1_TF-

1 3 nd nd CHO PA+ CHO PA-

2 channels DA 8 channels AD

Page 11



multifunction digital AMC module

* AD Test
« IHEP-EDHP-AMC + SIS8900 RTM
 Signal Source: 20MHz 3dBm

125MSPS

T
33333

8 Chs FFT

111111

uuuuuuu

SNR: 75.9~76.2dBFS > 74dBFS
SFDR: 86.2~92.1dBFS > 75dBFS

AD Channal
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multifunction digital AMC module

 Channel 1solation
AD1 CH AD1 CH |AD2 CH |AD2 CH AD3 CH |AD3 CH |AD4 CH |AD4 CH | %0 s saw w0 o smo s sa

0 1 0 1 0 1 0 1 0

AD1_CHO 74.95
AD1 CH1 84.32 80.89
AD2 CHO 75.22 77.1 o
AD2_CH1 82.16 80.82 o
AD3_CHO 87.3 79.46
AD3_CH1 Isolation of adjacent channels 78.89 85.59
AD4 CHO 94.8 85.13 20
AD4 CH1 78.1 o] NI u

* DA Spectrum e T

ANALOG INPUT FREQUENCY (MHz)

5 Start:0Hz Stop: 50 MHz Center:25MHz ~ Span: 50 MHz RBW: 183KHz  W:209.71 s P:0s

v

o + Adaptor RTM Isolation Test
DA output signal: 10MHz SNR: 78.1 dB

some larger harmonic component

4,2 tHz 8,3 Mz 2,5 Iz E.7 MHz 20,8 HHz 25 rHz 23,2 HHz 33,3 Mz 7.5 MHz 41,7 HHz 4.8 HHz

100m/ 8 18.07 dBm/

11
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multifunction digital AMC module-Clock Distribution

* ultra-low clock jitter
* 648MHz direct sampling LLRF 0.1° jitter (<423fs pp)
- Jitter attenuator + Low phase noise clock generator
* Theoretical clock jitter = 240fs pp (170fs RMS)

Front panel »| INO

Clock input

backplane INT » ADC1

TCLKA

RTM CLKO > IN3 » ADC2

,|  Clock
R N generator ‘
lEl i attenuator g U=

Backplane R
RTM CLK1-4 >

Page 13



multifunction digital AMC module-FMC Slot

« Compatible with FMC LPC standard & 4 high-speed serial transceiver pairs.

DFMC'MD22 DFMC AD1 6 K J 1 H G F E C B Ly
T 1 NC NC VREF_A_MZC. GND NC NC GND NC GND
2 NC NC H CLKO_C2M_P. NC NC DPO_C2M_P NC DP1_M2C P
3| NC NC GND CLKO_C2M_N NC' NC' DP0_C2M_N NC. DP1,_M2C N
4 NC NC CLKO_M2C P GND NC NC. GND NC. GND
5 NC NE CLKD_M2C_N GND. NC NC. GND NC .
6 NC NE GND [ADD P_CC NC NG DPD_M2C_P NC DE A
7 NG NG TAGZ P TAOD_N_CC NC NC GND DPO_M2C_N NC e
E NC NC LAD2_N GND NC NC LADT_P_CC. GND NC ——no
9 NC NC GND, LAD3_F NC NC CADT_N_CC. GND NC T TTD
10 NC NC LAD4 P LAD3 N NC NC GND LADE P NC DP3 M2C N
11 NC NC LAD4_N GND NC NC LAD5_P LADG_N NC I onD |
12 NC NC GND! LADE_P NC NC LAD5_N GND NC GND
13| NC NC LAD7_P LADE_N NC NC GND GND NC L
14] NC NC LADT_N GND NC NC LADS_F LAT0_F NC NC
15 NC NC GND, LA12_F NC NC LADS_N AT0N NC NC
16] NC NC AT P A2 N NC NC GND GND NC NC
7] NC NC LATIN GND. NC NC LA13 P GND NC
18 NC NC GND! LA16_P NC NC LA13 N LA14 P GND NC
19| NC NC LAT5 P LA16_N NC NC GND A4 N GND NC
DFMC_UNI_IO DFMC_SFP4 20 NC NG A5 N GND, NC NC TAI7_P_CC GND NC
21 NC NC GND! LA20 P NC NC LAT7_N_CC GND S 7S
2] NC NC LA1G P LA20_N NC NC GND LATE P_CC GND [ GND |
23 NC NC AT N GND NC NC A3 P [A18 N CC GND
24 NC NC GND, LA22_F NC NC LA22_N GND NC DP1_C2M_P
25| NC NC LA21_P LAZ2_N NC NC GND GND NC | DP1COM N |
26| NC NC LAZ1 N GND NC NC LAZ6 P LAZT P NC GND
27| NC NC. GND. LAZ5_P NC NC LA26_N LA2T N NC GND
28 NC NC LA24_P LAZ5_N NC. NC. GND GND NC | oP2.CoM P |
29 NC NC A2a N GND NC NC TCK GND NC ﬂa%-L
30 NC NC GND LA29_P NC NC TOI SCL NC GND
2 NC NC LAZE P LA29_N NC NC D0 SDA NC e
2] NC NC LA28 N GND NC NC GND NC e
23 NC NC GND A3 P NC NC | ™S GND NC = oND |
24| NC NC. LAZ0 P LA31 N C C | TRsTL GAD C GND
5] NC NC LA30_N GND! C C GA1 C e
% NC NC GND! LA33_P c C GND c NC
7] NC NC LAZZ P A3 N C C GND C NC
38 NC NC [AZZ N GND NC NC GND NC NC
29) NC NC GND NC NC GND NC NC
Compatible commercial FMC cards e — e o e e oo e e
LPC Connector | LPC Connector LPC Connector | LPC Connector I

FMC LPC 3| i

Page 14



Software development

« Embedded Linux Development for ZYNQ chip

Linux Boot Image Linux Kernel Image

ZYNQ

Open SOU rce LInUX kernel Basic | Permissions Open With Basic | Permissions Open With
ARM Name: Nome: [ EEFNE
Type:  Binary (application/octet:stream) L Type: Binary (application/octet-stream)
Size: 4.7 MB (4,670,944 bytes) Size: 4.0 MB (3,955,456 bytes)

Em bedd ed Ll nux Location: /media/long/FED5-6DEC 2 3 M B Location: /media/long/FED5-6DEC
Tool: Xilinx peta linux e 9 ST Accessed: i, Jan 29202108000

Modified: Tue, Mar 312020 15:42:28 Modified: Tue, Mar 312020 15:41:24

EPICS IOC §& petalinux_EPICS_IOC Test.opi 3 |[:& petalinux_EPICS_IOC Test.opi @ COMS3 - PuTTY

45MB

, R | T el e R S N SN DY R
DMA Proxy Driver L[4 ]| wl#izlal8l0fF |[<]| 2le

‘ 1800
FPGA 1 o

:

5
2

AXI DMA

g

g

Primary Y Axis (1)

g 8

EPICS IOC Demon

PV: Al AO Waveform B R R T e R R A S

Primary X Axis (0)

long:axi_dma_wf

8

=}

Sample length 1;192 8192
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Software development

« Embedded Linux Development for ZYNQ chip

=== |User defined AXI Master IP
—xm :Z: et AT &1 mo_;o
'::‘:m .l MO1AX ;—I . longw_ais_dma_maste_0 : t;/::w Py _
=, . e - TR
User data -
TONGW_205_0Ma_Master_eXio_v1.1 (FTe-Proouciion) AXI DM A IP
et dat2 0 o_generator 0
RTL ot con "+:‘:wm ‘

Sow_TY)
L T FIFO
\—_—.—_—J FIFO Generator
Tig_counter_vi_0
st_ps7_0_100M
2 mo_rezet;
. S Buz_struct_reset

G mzen perphens_n

—{mb_getug 272zt raercornec,

-
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MMUC controller mezzanine Card

Management subsystem of MicroTCA.4

MCH AMC1

Functions:

AMC state management
Hot swap management

Sensor monitoring (Voltage,

temperature, handler, ...)
LED management

Threshold event management

M3/FRU
active in
progress

FRU-Activate

M2/FRU
active
request

AMC handler opend
FRU-Deactivate

AMC
MO/FRU inserted M1/FRU

Not PS1# Inactive

Installed Blue

AMC removed SES0n

FRU-Activate finished

Payload power Enabled
E-keyed interface Enabled?

AMC handler opened
AMC handler opened

FRU-Deactivate

AMC handler closed

FRU-Deactivate finished

Payload power Disabled
E-keyed interface Disabled

AMC state transition

M4/FRU
Active

% >

28

> =

23

< a

m —

52

Q

o

@

@

Q

M5/FRU
Inactive
request

FRU-Deactivate

M6/FRU
Inactive

in
progress
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MMUC controller mezzanine Card

Test environment: IPMI communication

Commercial nVent MTCA.4 chassis Software layers , A \

N.A.T NAT-MCH-PHYS80 MCH card .

= L T — M Threshold event manage
. — s LED manage Hot swap manage | | AMC Sate machine

= _ M 12C driver

Temperature threshold event Test

00:00:00:30:0463

682 C683 Co64 Coe
RAST R4S8 Ras0 Rad
RAAT Ra48 Ra4)

ain non-. crltlc‘al go high' - asseztloﬂ 820C
MMC Contro"er in AMC MMC ContrOIIer TeStbenCh [00:00:00:30:0473] LSHM(0) :[temperature exceeded - increase fan level
_Fans eed increase
2 nat> show sensorinfo 9 S R d T t [00:00:00:30:0479] LsHM(O) : LCUQ 3 E
FRU Device State Name = ensor Reading les 200:00:30; 045 H1(0); FR
. temperature 'upper critical go high' — assertion
" Sensor Information for FRU 9 / AMCS T00:00:00:30:0655] LSHM(0): FRU 5 sensor 16 LUN O 'Temp pCBI'
MCH M4 NAT-MCH-CM tempezature 'upper non- recoverable go high' - assertlon
3 1 M4 NAT-MCH-MCMC # SDRType Sensor Entity Inst Value State Name - '
mcme - R L_temperature 'ugger non-recoverable go hlg ' - assertion
9 ACS IHEP-AMC~V1.0. - MDevLoc Oxcl 0x65 IHEP-AMC-V1.0 R(5,0,1) [00:00:00:55:0127) LSHMt()g) le; S sensor 16 LUN 0 'Temp PCB1'
temperature 'upper non-recovera. e go ow' - assertion
40 cul M4 Schroff uTCA CU o R T Oxcl. Do (C ox Tomp ECBL [00:00:00:55:0137] LSHM(0): FRU 5 sensor 16 LUN 0 'Temp PCB1'
51 PM2 M4 NAT-PM-AC1000 2 Full Temp Oxcl 0x65 32 C ok Temp PCB2 temperature 'upper critical go low' - assertion 0,
30°C
3 Full Temp  Oxcl 0x65 33 C ok Temp PCB3 00;00:00:55:0147] LSHM(Q); FRU S sensor 16 LUN 0 'Temp PCB1'
€0 Clockl M4 MCH-Clock 4 Full  vVoltage Oxcl 0x65 1.00 Vv ok  1v0
€1 HubModl M4 MCH~PCIe 5 Full Voltage Oxcl 0x65 1.20 V ok 1v2
6 Full Voltage Oxcl 0x65 1.50 V ok 1V5S [00:00:01:10:0765] LSHM(O): cempezacure in range - decrease fan level
Module operational state management [ mi1 velse e pees oy ok n [00:00:01:10:07711 zsmM(0): feuo set zan S 1 SREGH, ECTEASE
9 Full Voltage Oxcl 0x65 3.30 V ok 3v3pp Page 19
HOt SWap management WorkS We”‘ 10 Full Voltage Oxcl 0x65 3.45V ok 3V3MP



Tuning control FMC

FMC

P | LTC2802

EENE
Leadshine

o HBIRT

©emmavoRn
|o smmwrma

© muawEn
oemaAEn

Motor Driver

10)95UuU09 Jejnbue)oal paxip

: DAC
W " R LTC1595
:|_,\ Hﬂ i <:| 16bit
E81 PZT CONTROLLER LP 3 \OI‘ LTC1595 | F P GA
Piezo Driver = o = @

10

AA 4

Balun

Piezo1 position sensor
Piezo2 position sensor

LVDS/CMOS

pressure sensor Betun o ax
Step motor position LTC2325-
16/16bit control

Balun

(rotary transformer)

Balun
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* The domestic Down and up converter RTM and Direct sampling RTM is
developed by the colleagues in the project group.
» Based on the requirement of SAPS and CSNS II.

* Down-conversion RF: 300MHz~4GHz IF: 5~100MHz Up-conversion RF
200MHz~4GHz

 Direct sampling RTM (RF: DC~650MHz)

Provided by: Dr. Ma X P, and Dr. Gan N Demostic MTCA .4 chassis
Provided by: Yzitech

Page 21



Thanks for your attention!
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