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Introduction

Normal BPM

——Turn-by-Turn Measurement ‘ doing Bunch-by-Bunch
——Fast Acquisition Measurement measurement
—Slow Acquisition Measurement

ADC Digital Signal High Precision
Frequency Processing Bunch-by-
&Accuracy Research& Bunch Beam
Improved Methodology Position Monitor
Deeping &Sufficient Available

Goal: Resolution of Bunch-by-Bunch : 5um

» Hardware platform of Bunch-by-Bunch Feedback system, Bunch-by-
Bunch Beam Current Monitor; 2
Tune of Beam
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A Bunch-by-Bunch BPM

B Electronic System

» ZYNQ7035
v dual-core ARM Cortex-A9&Kintex®-7

ZYNQ7035
> 4 Channels 500MSPS 14bit ADC

v' AD9684, 2 channels
> 1GB DDR3

» 100/1000Mbps ETHERNET
» PCIE GEN2 X4
» Input Analog Band Width: 10MHz-2GHz

B A Four Button Pickup

The signals from the pickups of BEPCII are
enough for directly data sampling of ADC

B Delay Module
Adjust to the time to guarantee ADC can get the peak of the Button Sig
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Development state & %

—

R&D Plan: A ZYNQ Based, Four channels 500Msps
ADCs, Bunch-by-Bunch System
020 2021

2018 2019 5

Already Down Need to Do

D :
Hardware : circuit Design, S
Soldering and Debugging.

Firmware: Apc control, Clk Improvement: upgrade

control, DDR ,Ethernet _
-Bunch Alg Hardware and Firmware

Initialization of Ethernet ADC Furthermore: Embedded

and Clk. Data Acquisition
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Hardware

Architecture

A 4

ZYNQ-7035

TRIGGER[_| 1 I I
ck [

-| CLK Management

0 Base board and FMC Carrier

O ZYNQ7035 FPGA and 4 channels 500MSPS 14bit ADC

O 2 DDR3: one for Data Storage, one for ARM
O 10/100/1000Mbps Ethernet

O PCIE GEN2 X4: backplane
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Four Channel 500MSPS ADC FMC Cardgf" *‘

ﬂ OrCAD Capture CIS - [500M] -
[ File Design Edit View Tools Place SI Analysis
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=21 Design Resources

=-FR e\500m.dsn

=21 SCHEMATICL

01.POWER

02.POWER_ADC

03.AD9684 1

04.AD9684 2

05.CLOCK

06.FMC

-] Design Cache

=~ Library
ethardware\7030\ibrary-edadoc-1.olb
B-[0F efhardware\7030\ibrary-edadoc-2.0lb
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ARM Core Construction
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FPGA Logical in ZYNQ PL

=7 Design Sowrces )

9"@-'-t°11_11rj (top_prj.v) (10)

--Q:Du_clk_iudelay - clk 1odelay (clk 1odelay.xe1) @
--@u_tnp_sdl:_\lrapper - top_sdk_wrapper (top_sdk wrapper.v) '

DR3-64b

--@u_a:i_slave - ax1_slave (ax1_slavev) (3)
- i aded Ivds intf - ade lvds_intf \ade_Lvis_intige

- @y ade_syne_gen - ade_syne_gen (ade syne gen v

--@u_adc_huffer - ade buffer (ade buffer v) (3) - “SRIO e
- B ila adel - ilaade (s sde xel) - S control &

P Duile e - ilesde (s siexei) S PR

--ﬁl]u_vin_iu_delay - vig_1o_delay (vio 1o delay

@ top_quad (top_quad v) (1)

--ﬁl] ade_deo_pll (ade_deo_pll xc1) fom-L

- B{Hila trig (ila_trig xci)

@ top_ade (top_sde.v)

il--ElEnnstraints (1)

il--ElSimulation Sources (1)
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>

Using PS code configure FPGA

B C/C++ - sope/sre/main.c - Xilinx SOK

O 29K va % D2DEGE #v0~ v -3 b

I#! Problems El SDK Terminal =

Project Explorer = v 24 < command.c < control.c <« controlh < command.h < ad9510.c < ad9510.h < ad9684.c < ad9684.h
= fsbl #include “"xparameters.h”
# fsbl_bsp.
¥ sopc
.
n::"b,s: ot 0 #include "xil_io.h"
. -pr)_hw_platform. #include "sleep.h” ' i — | . - | r i O r '1 f l l »] :j :l :l o
srigsgtiin Vincluda “somteol b Connected to: Senal { COM®&, 115200, 0, 8)
drivers #include “command.h” )
¢ ps7_init_gpl.c
< ps7_init_gplh unsigned char board_id = 8;

#include "main_net_udp.h"
#include “netif/xadapter.h”

4 ps7_initc
4 psT_inith :{\nt main()

il Connected to COMG at 115200

ps7_init.tel printf("version 1.10\n");

2 T board 10 et b 140 Start to send UDP packet ...

printf("start up board id: %d \n\r",board_id);

) ‘ ‘ Initial Tx Counter : 0 ...

/* the mec address of the board. this shoul
mac_ethernet_address[0] = @xad;

e perie e devid = 0x19830411
mac_ethernet_address[3] = 0xa3;
: 2 ad9510 0x00 : 0x18
@s. SDK Log
RREM T S e (209684 vender id : 0x456

an z ‘ 20:39:01 INFO XSCT server has started successfully.
arget Connections

i % 20:39:01 INFO  : Successfully done setting XSCT server connection channel d9634 d d . ﬂ. 455
Hardware Server E:;':;’f;‘;‘:;";&”b"::‘“zm 20:39:01 INFO : Processing command line option -hwspec E:/AD9684/ADI6B4_Sync. d venaer.| . U
Linux TCF Agent el - 20:30:01 INFO : Successfully done setting SDK workspace

SDK Log #

20:38:55 INFO : Registering command handlers for SDK TCF se

20:38:56 INFO : Launching XSCT server: xsct.bat -interactiu

20:39:01 INFO : XSCT server has started successfully. )
20:39:01 INFO : Successfully done setting XSCT server conne

20:39:081 INFO : Processing command line option -hwspec E: /£
20:39:01 INFO : Successfully done setting SDK workspace

20:39:26 INFO : System reset is completed.

20:39:55 INFO : FPGA configured successfully with bitstream "E:/AD9684/AD9684 Sync.sdk/top_prj_bw_platform_0/top_prj.bit"

20:39:56 INFO : ps7_init is completed.

20:39:56 INFO : ps/_post_config is completed.




ARM Code in ZYNQ PS

T =

Y ==

Y =
Y ==

—

Ethernet Initailization

Chip Initialization

Config Local
IP.MAC Port

Initialization AD9510

'

'

Upload data

Detect Read Enable

Config Remote
IP MAC Port

'

Initialization AD9E84

while(1)

l

Complete UDP
initialization under LWIP
framework

l

Open the trigger
enable,
Waiting for trigger
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Read Specified Length
Data and Classify the Data
to each channgl

;

Packing Each Channel's
data to several UDP
Packages




Test in Lab
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Test Environment

ADC CLK: 500MHz (Convenient to

synchronous two signal generator)
(CLK: From ROHDE&SCHWARZ SMA

100A 9KHz-3GHz)

Four Channel ADC Input: One to Four
Power Splitter, Signal Source:
(ROHDE&SCHWARZ SMF 100A 100KHz-

22GHz)
" |

Frequeccy:500MHz

| ROHDE&SCHWARZ SMA 100A 9KHz-3GHz

ROHDE&SCHWARZ SMF 100A 100KHz-22GHz

CLK

uod

ADCFMC

T/00T/0T | ||epias

jouldayld
sdqINO0D




3| 1La st
== HNane 6 000

|w|wIw|w|‘8'[|mﬂw|wIw|w|‘1ﬂ'nnﬂwﬂ|wIw:w:‘lz'nnﬂwﬂnnlnnnn

|14,|nnu

| | |
Peak to Peak:15
Maximum: +=8192 (14bit)

W™ adc_data_chl [01[13:

" adc_data_chl[1][13:

[ESo [ T

ul 2, 000
PRI S T B AR

Value 6. 000 9, 000
i b I T T N S T S T it ST S S RN S S1

ade_data_ch2[0][13:

® adc_data_ch2[1][13:

M B ™ adc_data_ch3[0][13:

’ ™ adc_data_ch3[1][13:
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10MHz Input

Vaveform — hw_ila 4
#l| ILA Status:Idle

F ¥ Cursor Measurements
¥ Settings

@) Screen cursors

| Horizontal | Vertical
Waveform cursors
Lock cursor spacing

| Snap to data

¥ Measurements

Freq. (MHz) Power (dBW)

9.862 71.357

2! 20.381 8.436
10.519 MHz 62.921dB

Channel Power:

F ¥ Spectrum Settings
¥ Main options

Type: |Power
Sample rate (Hz): |Inherited

| Full frequency span

m
=
-
o
£
o
=]
o
@
o
k=l
=
=
c
o
o]
=

Window length: - | 32768
NFFT: |Auto

Samples/update: 32768

¥ Window options

Overlap (%)
Window: |Hamming

NENBW: 1.363

» Trace options

i
0
Frequency (MHz)




490MHz Input

Waveform — hw_ila 4
#[| ILA Status:Idle

F ¥ Distortion Measurements

Distortion: |Harmonic

¥ Harmonics

Mum. Harmonics: |6
Label harmonics

Freq. (MHz) Power (dBW)
9.99451 70.91

Freq. (MHz) Power (dBc)
20.0043 -37.86
29.9988 -78.67
39.9933 -91.08
50.0031 -77.92
59.9976 -94.69

THD: -37.86 dBc (1.28%)
SNR: 3151 dBc

SINAD: 30.61 dBc

SFDR: 37.86 dBc

Magnitude-squared (dBW)

N
8

i
0

Frequency (MHz)




950MHz Input

#l| TLA Status:Idle
4= Name

7 ¥ Distortion Measurements

Distortion: Harmanic

¥ Harmonics

Num. Harmonics: |6
Label harmonics

Freq. (MHz) Power (dBW)

50.0031 72.30
Freq. (MHz) Power (dBc)

100.006 67.89

149.994 -36.81

199.997 -81.50

250 3671

-33.21 dBc (2.184%)
36.00 dBc
31.38 dBc
35.71 dBc
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1.5GHz Input

#| ILA Status:Idle 2, T4

Nane

F ¥ Distortion Measurements

Distortion: Harmonic

¥ Harmonics

Num. Harmonics: |6
Label harmonics

Freq. (MHz) Power (dBW)
1.0376 248

Freq. (MHz) Power (dBc)
2.09045 -11.92
311279 -18.04
4.15039 747
521851 -15.78
622559 -15.30

THD: -8.13 dBc (39.21%)
SNR: -17.37 dBc

SINAD: -17.39 dBc

SFDR: 277 dBc

f i
=

F ¥ Peak Finder
» Settings

¥ Peaks
Va\ueJ Freq. (MHz)ﬂ
69.250 0.000
2484 -1.038
2484 1.038
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1.8GHz Input

T ¥ Distortion Measurements

Distortion: |Harmonic

¥ Harmonics

Num. Harmonics: 6

Freq. (MHz) Power (dBW)
199.997 7042
Freq. (MHz) Power (dBc)

THD: -Inf dBc
SHR: 35.60 dBc
SINAD: 35.60 dBc
SFDR: 47.01 dBc

F ¥ Peak Finder
P Settings

¥ Peaks

Valueﬂ Freq. (MHz}ﬂ
70.415 -199.997
70.415 199.997
23408 -200.073
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Summary

v Bunch-by-Bunch BPM system has been
designed.

v Prototype circuit board has been made.
v Initial board tests have started.

Next Step:

v Develop . Embedded Linux and EPICS on ZYNQ
ARM

v Furthermore: Upgrading Hardware and firmware,
adding embedded Timing module...
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Thank you!
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