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Section 01 ®#Temac

Red Pitaya STEMlab Board125-14

» A brief introduction to the Red Pitaya STEMlab

* To build a new Digital Feedback (DFB) system with a Red Pitaya board featured by;

= High performance,
= Low cost,
= Reconfigurable instrumentation and open source

- Small size

+ 10 use for the RF cavities in Muon LINAC for muon g-2/EDM Experiment project at J-
PARC and RFQ cavity in Turkey.




Main steps for the Red Pitaya DFB system
<+ Hardware

< Firmware

Construction of HDL codes and FPGA design (Xilinx Software - Vivado)

<+ Software

EPICS Base; redpitaya-epics “driver” support.
https://github.com/AustralianSynchrotron/redpitaya-epics

MEMORY: A driver based on C language (RP DFB code)

Creation of EPICS I0C

Monitoring: Graphical User Interface (GUI) with CS-Studio

% Preliminary test and measurements

ADC & DAC performance, |IQ Mod./Demod. errors, amplitude and phase stabillity etc.



https://github.com/AustralianSynchrotron/redpitaya-epics

Basic:
<+ Red Pitaya STEMLab125 14

+ High performance, small size, low cost (~70k Japanese YEN)

% Reconfigurable instrumentation and open source

<+ Processor: Dual core ARM Cortex A9

» FPGA: Xilinx Zynq 7010 System-On-Chip (SoC)

Extension connectors:

< Digital IOs:16¢h (8 differential or 16 single-ended)
One of the DIOs is used as RF GATE

RF inputs/Outputs:
<+ Two 14bits ADC and DAC

Sample rate:125MS/s
Connector type: SMA
Two configurable voltage ranges: +1 Volt or +20 Volt

Bandwidth: 50 MHz

Fast analog outputs

125 MS/s, 14 bits, 1V

Fast analog inputs
125 MS/s, 14 bits, £1 V

Digital extension
16 1/0 ch., 125 MS/s, 3.3 V

’\/9 50m Microprocessor + FPGA
: Dual core ARM-Cortex A9 Zync SoC

DD

Dai

Analog extension
~100 kS/s, ~12 bits, 0-1.8 V
4 SAR ADC ch., 4 PWM DAC ch.,

R3 RAM
512 MB

sy chain

microSD

Ethernet mlgro USB
1 Gb/s USB microUSB )%\
OTG SO console ’
~B6.5cm

OS drive & FPGA design

6x PS_MIOx (SPI, UART) + 12C)

4x slow analog input,
4x slow analog output

+5V, -3.3V
'E2l

p—-3

DDR3 SDRAM
256M x 16bit

1

2 x serial link

Range setting
+low pass fllter 14b%X 1AE€§\;/1H
~50MHz ©
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2 2x DAC

14bit@125MHz

Low pass filter

~50MHz
OUT2

R
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Xilinx ZYNQ

2 E

+3.3V
|E1|

G

16 single ended or 8 differental 10 lines,

XC72010
9x User LED
2x System LED

JTAG

interface

'JTAG'

( Micro USB
Power Power
Up 0 500Mbps supply connector
\

5V/2A
'PWR'
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Micro USB
Console connector

'CON'
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MicroSD slot
'CN9'

\ £

USB-A OTG
Connector

'CN12'

100/1000 Base-T

Ethernet mterface
'ETH'
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Section 02

Prototype Red Pitaya DFB system

» Fundamental information about the whole system



324 MHz
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RP FPGA UNIT
| REF GP&I FBSW | FF RF SW
ains
|_cav - g 000
~ADC1——- DACH1
DAC DAC
Rotation | | OFFSET._
1Q Pl + —e——— &
Conv. Cont DAG | 3 DAC
Q_REF QFF | imiT OFFSET Q
Q _cav
— = ADC2— ——=DAC2
BB BB RF
AMP| AMP / s -
1IQ & - 1IQ
Demodulator \< RF CAVITY | Modulator
‘ LO RF -
Features:

+ Easy installation without synchronization using |Q Mod&Demod.

All hardware is provided by J-PARC
facility resources

HARDWARE List

Red Pitaya STEMlIab 125-14 board
nttps://www.redpitaya.com/f130/STEMIab-board

Q Modulator (Passive)
|IQ Demodulator (Passive)
RF Cavity

A Signal Generator (Agilent 8648B)
https://www.keysight.com/ca/en/home.html

Baseband (BB) Amplifiers are used to amplify the
Demod. output to work with ADC full scale
home-built = built at J-PARC by project team.

<+ ADC & DAC rotational functions with correction parameters for |[Q Mod. and Demod.

<+ A Pl feedback control

<+ Post-mortem use of data for ADC output waveforms to analyze

% Adjustable DAC outputs with Limit module


https://www.redpitaya.com/f130/STEMlab-board
https://www.keysight.com/ca/en/home.html
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Section 02.1
FPGA Design

< Fundamental information about the F

PGA design
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: I , ADC1 ()|~ I
RF pulses Analog E +/-1V : 125 Msps ADC-DAC / \
from Cavity Inputs | ; MODULE T DFB
< l . ADC2 (Q) " Calculation
: | to
i {DAQ | -F: (ADC) |_ ; MODFL’JLE
% DAC1 () Clocking Wizard AN /
Analog + r ----------------------------
""""""""" = DAC
2 s - Sfet ) } Register Memoryw
/ MODULE j
e T T T s —| Programmable Logic (PL)

Block Memory
-  (Generators
(BRAMS)

-

&

~

Processing System (PS)

Dual core ARM Cortex Y
A9 Processor [ N
+ BRAM
AXI Interconnect ™ "I Controllers
/ \ /

< Calculation top: Includes all RP DFB calculation IPs

+ Register Memory: Used to help with updating record values for the EPICS |IOC

+ BRAMSs: Writes ADC output values with a user-adjustable specific trigger rate

+ Processing System + AXI Interconnect: Data transfer bus (Bus AXI) + Memory (RAM)

b
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« Design: Use of Vivado
based on Intellectual
Properties (IP) Core

elements and User created

custom |IPs

« 10-Dbits sign extended
ADC values
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Section 03

Vlieasurements and Results

» Preliminary results



« lests for the system are conducted on the ''simulation test

cavity''.

+ The performances of the hardware are investigated
(ADC&DAC, IQ Mod.&Demod.)

+ Amplitude and phase stability of the RF field is measured.

<+ The EPICS Base is cross-compiled.

« The EPICS IOC runs on the board itself with an

executable file

« GUI with CS-Studio to access the EPICS PVs is
used for monitoring and controlling the whole

system.

X I

BB Amps and
DC power supply

|Q Mod./Demod.
and RF Amp. Unit

> PC

~P Red Pitaya board

Pulse Generator
(for RF GATE)

>

— P Signal Generator

~ Simulation Test
> Cavity

CS-Studio ¥) (o) (X
File Edit Search CS-Studio Window Help
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IQ Modulator Errors

SG1 RF IN
/\/ (+10 dBm)
RF_out Power
" Meter (PM)
1Q
DACH - 12 4B ATT| Modulator
DAC2 =12 dB ATT
IQ MODULATOR OUTPUT RF POWER
225
A = 0.050
220 ~A = 0.045
>
E -A =0.036
:?; 215 ~-A = 0.020
8 -A=0
LL
oC

210

DAC OFFSET | =-54
DAC OFFSET Q =-95

0 90 180 270 360
DAC PHS (degree)

& Linearity error of IQ-Mod. output is measured by PM
(Giga-tronics 8542C, https://go-asg.gigatronics.com).

<+ RF output is measured about 220 mV with several
correction parameter (A)

<+ 12 dB Al Ts are used to get the best performance in
the Mod.

« I1he linearity error in the IQ Modulator output is about
5.4% (A=0)

« 1Q-Mod. output is corrected by the use of DAC
rotational parameters with A.

<+ <1% error is achieved (A=0.045, DAC AMP=7700).

Includes all errors in the setup such as Al Ts.

12


https://go-asg.gigatronics.com

IQ Demodulator Errors

- e e = = = = = ==y

SG1 LO

BBAMP |
N\ (+10 dBm) | i
3d5) - o >—ADC!
N |
s < IQ g
o ® SG2 DeModulator -
-@ Shifior 308 —— '—-|Q > -ADC?
Shifter : i
; i
VVM -= PM
9000 ADC 1/Q Outputs
6000 /‘—\/
= 3000
8
g o0
@)
2 -3000

-6000

-9000
0 50 100 150 200 250

Measured phase (degree)

<l <l _corrected -Q «Q_corrected
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« The errors at the |Q-Demod. output are measured

by using ADC outputs and Vector Voltmeter (VVM)
(Keysight N9913A, https://www.keysight.com/ca/en/home.html)

% Linearity error = 6%, Phase balance error = 5
degrees

| « Output is corrected by the use of ADC rotational

parameters and correction parameters, a and A¢.

After the correction

« For a=6% andA¢$=5 degrees; Linearity

error = 0.08%, phase error — 0.45
13


https://www.keysight.com/ca/en/home.html

ummary of results . .
. Y « The system is tested by the use of "Simulation

Hardware Linearity Error [%] Phase error [] Cavity”.

DACH 0.32

DAC? 0.07 <+ Pulsed operation, RF signal 230 us.

ADCH 0.23 2 (ADC)*

ADC2 0.08 « 1he stability of RF field in the simulation cavity
IQ Modulator 5.4 (<1)

IQ Demodulator ~6 ~5 « P gain is already satisfied, the study for | gain

{*} Linearity error of the ADC output phase (ADC is the

sum of | and Q components) will be performed in the Pl control.

1] B = alalolel| X slel| 8l | sl slEl | e slalo]s)| ) oo 8

6105.06 - 30.27 ,
1 *AMP sta. ~ £0.21% 099 PHS sta.~ +0.10 degrees

190 3 Without FB () Without FB

3009 - 302

£.6090 o

Q@ - o

Seoss - @30.15

 _ : p

E6080 - I
6075 - (1 -

E 6074 :
71 30.05
6067-74—"‘I""|"''I""I""I""I """" L L B L I | ] “

3004 LN L B L L L I L DL I UL LB UL B LR
435.67 600 700 800 900 1100 1300 1500 1785 49 306.09 500 600 700 800 900 1100 1300 1500 1803.08
Sample number Sample number
—— ADC I—ADC‘
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Conclusion JPHHL-
v Hardware and software installation of the system has been successfully carried out.
v Preliminary tests are conducted on a simulation test cavity.
v The linearity error of less than 1% is achieved for |Q Modulator output power after correction.

v The linearity error of 0.08% and phase error of 0.45 degrees are achieved for |[Q Demod. after correction.

v The error of the RF field is within +1 degrees in phase and +1% in amplitude is successfully required.

v The setup can be operated for pulsed operation and is effective for the RF pulses of <230 us.

v Total cost is about 70k Japanese YEN which is one of key point of our system.

15



Future Plan

= The hardware in the system will be upgraded,

|Q-Modulator (~13k JPY) and Demodulator (~16k JPY) with higher performance/less error.

= The setup will be used at:

Linac section dedicated to the Muon acceleration for Muon g-2/EDM Experiment at J-PARGC,

And, it can be used in RFQ cavity in Turkey operating in pulsed mode with 100 us RF pulses.

= The system will be upgraded to operate for 500 us RF pulses. Hence;

Pl-Feedback will be tested in R&D of R

\FQ IV installed in Test Stand (TS) and Klystron TS in J-PAF

i b/
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