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AFES808A driver for DAPHNE vl1-v2a

« AFEs and DAC driver implementation

- Full access AFE driver developed (full
memory R/W capability)

- Full access DAC driver developed

by STM,
b4
=
: AFE and
1
s
B 4550
)
S as00
w50
0 0 200 Y
mple at 65 MHz
E Data, Toggle pattern
5000
£ 0000

(@ 2.00v

Value Mean Min Max Std Dev |
@D Frequency 247.6kHz 337.7k  238.5k 872.1k  236.0k
@D Amplitude  3.20V L 560m 3.28 1.30 )

2 18/01/2024 Fabian Castafo | AFE drivers on DAPHNE v3.0 {& Fermilab




AFES808A driver for DAPHNE vl1-v2a
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AFES808A driver for DAPHNE v3

« Change to KRIA K26 SoM

- Platform config
https://www.hackster.io/fabioc9675/empowering-dune-setting-up-vivado-vitis-and-petalinux-b879ee

- Project initialization
https://www.hackster.io/fabioc9675/empowering-dune-a-guide-to-starting-with-kria-kr260-vivado-fe39c5

- PetaLinux image compile
https://www.hackster.io/fabioc9675/empowering-dune-creating-petalinux-2022-2-os-image-for-kria-2fbcal

- Hardware support
https://www.hackster.io/fabioc9675/empowering-dune-support-for-hard-peripherals-rpi-pmod-kria-505ded

- AXI UARTLIite
https://www.hackster.io/fabioc9675/empowering-dune-axi-uartlite-using-petalinux-2022-2-in-kria-7e11cf

- AXIIIC
https://www.hackster.io/fabioc9675/empowering-dune-axi-iic-using-petalinux-2022-2-in-kria-a71f25

- AXI Quad SPI
https://www.hackster.io/fabioc9675/empowering-dune-axi-quad-spi-using-petalinux-2022-2-in-kria-ad6d72
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AFES808A driver for DAPHNE v3

 Vivado Block Design

axi_inte_0
+ s_ax

AX| Intarrupl Cantralkar
axi_uartita_0

Ol S AN UART ||| T kria_uart_0

AXT Uartiita
pmod_2

24 s_axi P ||| T piandl2_ i

AX| GPIO
pmod_3

w4 s_axi P ||| > priaidl3_in

AX1 GPID

zyng_ultra_ps_a_0

» BB g pa +
" . * .

M_AXI_HPMO_LPD i 24 so0axi EESE wosax i

ZY N Qﬁ -.>< | MoaAad

UltraSCALE*

Zyng UltraScala+ MPSaC

psB_0_axi_pariph axi_iic_1
~
MOO_AN A i o

el 5_AK NG - | Keria_iZc_1
MOT_AN - |

woz_ax 4| AXING
Wa3_ax i pi_gpio

GPID || rpi_gipii

w4 s_axi

MI7_AX | AX1 GPID

wa0d_AX + — ul_lads

waod A +|i =
GPID 4 ||_D uf_leds

M0_AXN [
AX| GPIO

_ + 5 a0

J

AX| Intarcannact
axi_iic_0

:;l e
AXINIC
axi_quad_spi 0

sPL0 4 ”—D kria_spi 0
Al Quad SPI
axi_quad_spi_1

SPI0 || ] T kria_spi 1

AX1Quad SPI
axi_uarllita_1

Sl S A UART ||| T kria_uart_1

AX| Uartita

ZH| AXI_UTE

ZH| 4 Ax_uTE

Masters

g @ sd enn bufz/

=
%
I
=
=
=1
=
-
a

@ G 00

Network O

Slaves

0x8000_0000 GAK

0x3001_0000 64K

0x8002_0000 64K

0x3003_0000 64K

0x3004_0000 GAK

0x8005_0000 64K

0x8006_0000 64K

0x8007_0000 64K

0x8008_0000 64K

0x3009_0000 GAK

0x800a_0000 GAK

XILINX
& Vs

UNIVERSIDAD
DE ANTIOQUIA

1803

GitHub

5 18/01/2024

Fabian Castafio | AFE drivers on DAPHNE v3.0

£& Fermilab

ANTONID N Gern SaberySerwin

UNIVEREIDAD

*EIR

WY E A S

5o
13
2
oo

UNIVERSIDAD
DE ANTIOQUIA



AFES808A driver for DAPHNE v3

* Device Tree Overlay

: axi_quad _sp
bits-per-word = ;

clock-names = "ext spi clk™, "s axi aclk”;
clocks = <&zyngmp clk 71>, <&misc clk 9>;

compatible = "xlnx,axi-quad-spi-3.2", "xlnx,xps-spi-2.00.a";

fifo-size = <16>;

interrupt-names = "ip2intc_irpt";
interrupt-parent = <&axi intc 0>;
interrupts ;

num-cs = <Bx1>;

reg = <@

x1nx,num-ss-bits

x1nx, spi-mode

ubuntu

bits-per-word = ;

clock-names = "ext spi clk™, "s axi aclk";

clocks = <&zyngmp clk 71>, <&misc clk 0>;

compatible = "xlnx,axi-quad-spi-3.2", "xlnx,xps-spi-2.00.a";
fifo-size = <16>;

interrupt-names = "ip2intc_irpt”;

interrupt-parent = <&axi_intc_ 0>;

interrupts

compatible = "rohm,dh2228
spi-max-freguency = <
reg = <0>;

Bash code to load overlay

xmutil unloadapp
xmutil loadapp kr260 slow

chown petalinux:petalinux /dev/spidev3.0
chown petalinux:petalinux /dev/spidev4.0
chown petalinux:petalinux /dev/i2c-7
chown petalinux:petalinux /dev/i2c-8
chown petalinux:petalinux /dev/ttyUL®
chown petalinux:petalinux /dev/ttyUL1
chown petalinux:petalinux /dev/gpiochip2
chown petalinux:petalinux /dev/gpiochip3

VirtualBox
https://www.hackster.io/fabioc9675/empowering-dune-axi-quad-spi-using-petalinux-2022-2-in-kria-ad6d72
"il' ¢ W XILINX ‘:.:’
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AFES808A driver for DAPHNE v3

« DAPHNE v3 Slow Control Firmware architecture
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AFES5808A driver for DAPHNE v3

* C Library structure “afe5808a_lib.so”

260-starterkit-20222:~/SPI_prj$ nm -D afe5808a_lib.so
E: T HAL_AFEReadRegister
HAL _AFEReadWriteRegister
HAL_AFEWriteRegister
HAL_AFE_AllB8sTest
HAL _AFE_All1sTest
HAL_AFE_CustomTest
HAL_AFE_InitialConfig
HAL _AFE_RampTest
0P000EBEAUF3S HAL _AFE_ResetConfig
POOEOAREO5210 T HAL_AFE_SkemTest
06000006 051a8 HAL _AFE_SyncTest
HAL_AFE_TestConfig
HAL _AFE_ToggleTest
HAL_DAC1BiasSet_ModifyParam
HAL_DAC1BiasSet_SetValue
80000680868083878 HAL_DAC1TrimOffset_ModifyParam
0000000048cy T HAL_DAC1TrimOffset_SetValue
800000003d6C HAL_DAC2BiasSet_ModifyParam
000000004320 HAL_DAC2BiasSet tValue
000006806083alc HAL_DACZ2TrimOffset_ModifyParam
HAL_DAC2TrimOffset_SetValue
HAL _DAC3BiasSet_ModifyParam
HAL _DAC3BiasSet_SetValue

v SPlprj

7 fmage TypeDef HAL_SPI_TransmitReceive(SPI_HandleTyp : *dataW, *dataR,

~ include . -
dataSize, Timeout)

f errorcode = HAL_SPT_|

hal_afe_cfg.h
hal_afe5808a.h
hal_gpio.h hspi->spi_trx.rx_buf JdataR;

hspi->spi_ trx.tx buf Jdatall;
hal_spi.h hspi->spi_trx.len = dataSize;
hspi->fileReturn = io spi->fileDevice, SPI IOC MESSAGE(1), &(hspi-»spi trx

hal_afe5808a.c (hspi->fileRetur
hal_g

HAL_DAC_BiasSetWriteRegister
0E0PBE0R833 HAL_DAC_TrimOffsetWriteRegister
0H0BBA0RA1e50 HAL_GPIO_PinQut_Init

hal_spi.c
afe5808a
M Makefile
Readme.md

0800000001 eb8 HAL _GPIO_W:
SPI_CLOSE
lafe
HAL_SPI_TransmitReceive
2b28 MX_AD_DAC_AFE®_Init
0062cdy MX_AD_DAC_AFE1_Init
[:1:12) ] MX_AD_DAC_AFE2_Init
BO0060088362C MX_AD_DAC_AFE3_Init
PEOPEE0RA31dE MX_AD_DAC_AFE4_Init
Be000006002adl MX_AD_DAC_BIA T_Init
eoeeeeeeel1fuc MX_AFE®_Init
2088 MX_AFE1_Init
21cy MX_AFE2_Init

0000E00B02300 MX_AFE3_Init H H
Repository available on
0000000001didc T MX_GPIO_Init

0B00BOBOA1208 T MX_SPI3_Deinit https://github.com/fabioc9675/DUNE_Daphne_v3_AFE/tree/devFabian
2000000001928 MX_SPI3_Init - - -
200060008081a38 MX_SPIU_Deinit

MX_SPI4_Init
pOeee0Bea2 MX_SPI_AFE_OP_Config
000800000U588 MX_SPI_DAC_OP_Config
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AFE5808A driver for DAPHNE V3

* C Library structure “afe5808a_lib.so”
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Repository available on
https://github.com/fabioc9675/DUNE_Daphne_v3_AFE/tree/devFabian
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AFES808A driver for DAPHNE v3

 Python script to use the “afe5808a_lib.so” library

# test.py

import ctypes

import time

from afe5808a import *

# Send config for DACs
my_library.HAL_DAC1TrimOffset_SetValue(my_library.hdac_trimAfeo, 0, 20)
time.sleep(0.01)

# Accede a la instancia de la estructura (en este caso, hafe@)

# C la bibliot tid
argar la biblioteca compartida hafed = my library.hafe@

my library = ctypes.CDLL('./afe5808a lib.so")

# Convierte la instancia a la estructura definida en Python

# P heral fi
sropnera. conttg hafe@_py = ctypes.cast(hafe@, ctypes.POINTER(AFE_HandleTypeDef)).contents

my_library.MX_GPIO Init() # Initialize the GPIO driver
my library.MX SPI3 Init() # Initialize the SPI driver

my library.MX_SPI4 Init() # Initialize the SPI driver # Cambia el valor del regitro

hafe@_py.ADCRegisterMap.REGO3bits.DIGITAL_GAIN_ENABLE =
my_library.HAL_AFEWriteRegister(hafe0, 3,

# AFE Initializati
. ctypes.byref(hafe@_py.ADCRegisterMap.REGO3bits))

my_library.MX_AFE@_Init() # Initialize the

readData = (ctypes.c_uintl16)(9)
my_library.HAL_AFEReadRegister(hafe@, 3, ctypes.byref(readData))
print("REGG3bits = ", readData)

# DACs Initialization
my_library.MX_AD_DAC_BIASSET Init()
my_library.MX_AD_DAC_AFEOQ_Init()

# Cerrar el SPI device

# Send the configuration sequence for AFE © . . . e .
my_library.MX_SPI3 Deinit() # Initialize the SPI driver

my_library.HAL_AFE_InitialConfig(my_library.hafe®)

# Accede a los campos de la estructura
# print("CS Pin:", hafe® py.SPI handle.SPI Device.decode("utf-8"))
# Accede a mdas campos segun sea necesario...

time.sleep(0.01)

GitHub
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AFES808A driver for DAPHNE v3

* Next Steps

- Create Device Tree Overlay for 5 AFEs and DACs (In ’ '
process) £E Fermilab

- Modify Pinout mapping in the constrain files (In process) =
- Make a test using DAPHNE v3.0
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Development of Testing Hardware

7-channel multi-tester

* This simple device features an Ohm-meter, a diode-
meter and a voltmeter with the (+) and (-) leads
switched to several pin positions of a built-in DB-15 and

- HIROSE HR10A-10R-12P(73) connectors. The

. switching is done automatically by implementing seven

| Internal relays controlled by a ESP32 device.

« The device is working on CERN In the installation of
e Proto DUNE.
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