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Diamond Light Source

* UK national (third generation)
synchrotron light source in
Oxfordshire

* Started operation in 2007

e Currently 33 X-ray beamlines serving
myriad of science research areas

e 3-GeV 562-m circumference SR with
100 MeV linac and booster
synchrotron

* Diamond-Il upgrade approved and
underway — c. £500M upgrade to 4t
gen light source starting end of 2027
(18 months)

Beamline




PandA Motivation

»Hardware triggered scanning

* Move samples and trigger detectors continuously
during scan

* Decreases detector deadtime, and speeds up scans
(fast dynamics)

* Requires precise synchronisation between motion
control and detectors

» ‘PandABox’ hardware development
e PandA = Position and Acquisition

* Flexible FPGA based encoder processing platform
» Triggers aligned on time or position
* Collaboration between DLS and Soleil (Started 2015)

* Now includes MIAX-IV, ALBA, and DESY — PandABox-2
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PandABox hardware

4x Encoder
In/Out daughter

Power supply
130w

* Housed in 1U 19” rack meodules
* AVnet PICOZed SOM - XI|InX Zynq 7030 SOC Slow Control On board power
* Kintex-fabric FPGA and ARM Cortex A9 FPGA: Sl byl
processor SPARTAN 6 and picoZed

TRACS

* Four removable encoder modules: P (
* Quadrature, SSI, and BiSS protocols XZ7030 with a "
e RS-485 line driver/receivers fynasec
* Site customisable daughter cards

PicoZed power

* Front-panel TTL and LVDS 1/0O for detector LPC-FMC slot Sequence circult
triggering
* Xilinx Spartan-6 (“slow”) FPGA for IO PandA_Front
eXpa nS|on Front p_anel for
¢ SPIlink to Zyng-PL ] : tomectore
* 3 front-panel SFPs (fast comms) S’z A o W
« LPC-FMC (ADCs/DACs, additional I/0) etc o SENER EmmEN_G -0 -9-@-@-d-pus g N7

Hardware design available on OWHR:
https://www.ohwr.org/project/pandabox/wikis/home

OPEN HARDWARE REPOSITORY

. i Quantum
Commercially available from Quantum Detectors: PETECTORS


https://www.ohwr.org/project/pandabox/wikis/home

PandARlocks framework

Available from public repo: https://github.com/PandABlocks
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PandABlocks

Follow
Zynq based framework with run-time rewirable functional blocks. TCP and webserver
Fagtoliowers @7 Mg pandsblocks gtubio

Popular repositories © View s Public =
| ( P server T, . At . Yo ey e v i

A e e b b .

e Tam Y @5l frs Vs

PandABlocks-client Public PandABlocks-ioc Pullic N

Python client ibraey for talking to PandABlocks-server Create an K0C from 2 PandA. Discussions

@5 fre Y ®an T2 Y Set up discussions to engage with your
commniy

PandABlocks-servar Public PandABlocks-wabcontrol o
People

areaDetector e e @B Ea=w

. X . . [ Repositaries .ﬁ —..&
> FPGA firmware (more in coming slides!) S e o . Em OO0

View all

» Rootfs: ks rn e o [E—

* FSBL, uboot, linux kernel image, root filesystem for the . —
Zynq PS (Arm core) ot e o e e e
» TCP server and kernel driver: T
* interface to Configuration and Status Registers in firmware PandABlocs-Yocto 5 )

@snel X0 Y0 O 20 smersedsheip) §1 0 Updated 2 weeks ago
* streaming captured data via DMA

Updated 10 hows ago

PandABlocks-rootfs  Pubic
Root filesystem build with tools for building zpg packages.

@il Tr4 Bapxhe20 ¥5 O 12 Updsedonbar2s



PandABox

105
pL:1

txcharisk_o «= (others => "@');

end if;

case TX_STATE is

=> txdata_o <= BITOUT_1(@) & POSOUT1_1(31 downto 16) & c_k28_5;

=» txdata_o <= BITOUT_1(1) & POSOUT1_1(15 downto @) & POSOUTZ_1(31 downto 24);
> txdata_o <= BITOUT_1(2) & POSOUT2_1(23 downto 2);

txdata_o <= BITOUT_1(3) & POSOUT3_1(31 downto 8);

> txdata_o <= BITOUT_1(4) & POSOUT3 1(7 downto @) & POSOUTA_1(31 downto 18);
> txdata_o <= BITOUT_1(5) & POSOUT4_1(15 downto @) & check_byte;

when
when

when

when

1
2
3
when 4
5
[

when

end case;

if TX_STATE = 6 then
TX_STATE := 15
else
TX_STATE := TX_STATE = 1;
end if;
end if;

end process;

ksyncer

port mi

fPandABlocks

-- Lat
latch
-- this variable will synthes

e as a shift register

variable ksync_sr  : std_logic_vector(5 downto 0);
begin
if rising edge(sysclk_i) then

--Detect change of txcharisk and shift into SR

ksync_del <= ksync;
ksync_sr := ksync_sr(4 downto 8) & (ksync xor ksync_del);
if ksync_sr(1) = *1° then

POSOUT1_1 <= POSOUTL_i;

end if;
if ksync_sr(2) = "1° then
POSOUT2_ 1 <= POSOUT2_i;

end if;

if ksync_sr(4) = "1' then
POSOUT3_1 <= POSCUT3_i;

end if;

if ksync_sr(5) = "1° then
POSOUTA_1 <= POSOUT4_i;

end if;

for i in @ to 5 loop

ksync_sr(i) = *1' then
BITOUT_1(i} <= BITOUT_i;

end if;

end loop;
end if;

end process;

end rtl;



PandABlocks Architecture

* Specific functions and hardware resources F‘;’;“‘::"' F‘;’I"‘-“:ga' Functional
represented by functional blocks N N Block €
* Hardware specific base blocks, eg TTL, LVDS J | I l | | I I |
¢ ‘Soft’ function blocks, eg LUT, SRgate, | | ' CSR bus
pulsegen etc Bit bus [128-bit]
Position bus
[32 x 32-bit]
* Functional blocks configurable and re- B Position Capture
wirable at run-time via multiplexed control e Functional Block Carrier Carrier
and data buses, and Configuration/Status l IDMA Rlaccd Block B
register (CSR) interface
. 32 x 32-bit data bus (Position bus) Zynq PS Core
. 128-bit control bus (Bit Bus)
*  CSRinterface uses 128 KB, addressing up Inenc

to 32 design blocks

* Lots of MUXs! Modest clock speed 125 MHz

LvDSouT1

LVDS output 1




FPGA auto-generation framework

* Goals ‘ * app.ini ‘
* Simplify inclusion of user-generated functional
blocks * target.ini ‘ |
* Implement arbitrary combinations of ‘soft’ and ] e
hardware blocks ‘ e
* Simplify targeting other Zyng-based hardware — «‘ F T
platforms ‘ PP 4 *.block.ini ‘
" ..
44 * block.ini ‘ |

* Implementation

¢ Set of text-based “ini” files generate_app.py —] timiil-ztfs
* “app.ini” —set of ‘soft’ function blocks in design TARGET Ain)
* “target.ini” — set of ‘carrier blocks’ available on the ’/—/R.
hardware .
*  “block.ini” — defines register interface for each generated generated
block + other information, eg IP, constraints * vhd * tel
required ! : :
/ carrier /
/ *vhd _. i
* HDL wrappers and register interfaces for each FPGAbuild o  MI9NWES
block generated from templates using Python : — . - vhd
and jinja2 template engine / * tel ! l

* Top-level Makefile drives the build flow

6L B FPGA configuration
ﬁ Jln]a package



Register Interface

* 128 KB memory-mapped registers:
e Supports up to 16 instances of 32 design blocks; 64 x 32-bit regs per block
e AXI-lite interface to PS
* Translated to simple STRB/ACK interface at the block level

-- Memory Bus Interface
-- Read
read_strobe_i : in  std_logic;

read_gddress_1i :in std_logic_wector(PAGE_AW-1 downto @);

read_data_o : out std_logic_wector(31 downto @);
read_ack_o : out std_logic;
-- Write

write_strobe_i : in  std_logic;
write_address_i : in std_logic_wector(PAGE_AW-1 downto @);
write_data_i : in std_logic_wector(31 downto @);

write_ack_o : out std_logic;




Example: adding new block (new framework

library ieee;
use ieee.std_logic_1164.all;
use ieee.numeric_std.all;

clock.vhd

entity clock is

port (
-- Clock and Reset
clk_1i :in std_logic;
ENABLE i 1 in  std_logic;
-- Block Input and Outputs
out_o : out std_logic;
-- Block Parameters
PERIOD : in  std_logic_vector(31 downto 0);
PERIOD wsth :in  std logic
end clock;

architecture rtl of clock is

: std_logic;
: unsigned(31 downto ©);
: unsigned(31 downto 0);
: unsigned(31 downto ©);

signal reset
signal counter3z
signal DIV

signal half_period

begin

reset <= PERIOD wstb;
DIV <= unsigned(PERIOD) + 1;
half period <= unsigned('0' & DIV(31 downte 1));

process(clk_i)
begin
if rising edge(clk i) then
-- If not enabled, or no period set stop the clocks

[.]

description: Configurable clocks
entity: clock

[ENABLE]
type: bit mux

description: Halt and reset on falling edge, enable on rising|

[PERIDD]
type: param time
description: Period of clock output
wsth: True

[OUT]

type: bit out

Logic_vector(NUM-1 downto 0);

2 array(NUM-1 downto 8);

Logic_vector(NUM-1 downte 8);

ral range 0 to (2**read address i'length - 1);
ral range 0 to (2**write_address_i'length - 1);
Logic_vector(NUM-1 downto 8);

of the blocks
) GENERATE

al logic entity
sork.{{ entity }}

ds("bit_mux") %}

+" 1") }} == {{ field.name }}(I)(@),
slds("pos_mux") %}

" 1"y }} == {{ field.name }}(I),
alds("time") %}

=> {{ field.name }}(I)(47 downto @),
alds(".* out") %}

+ " 0") }} => {{ field.name }}_o(I),

ld.numbered registers() %}
ame) }} == {{ register.name }}(I),

if (EMABLE_i = '0') or (unsigned(PERIOD) = 0) then . .
oUT o = o description: Clock output
counter32 <= (others => '0'); ime" %}
-- Reset counter on parameter change. + " _wstb") }} == {{ field.name }}_wsth(I),
elsif (reset = '1') then
0UT o <= "1°; LLLULR] § {% for register in field.numbered registers{) %}
N counter32 <= unsigned (PERIOD) - 1; number: {{ pad(register.name + " wstb") }} => {{ register.name }} wstb(I),
etse -- Generate NUM instances of the blocks {% endfor %}
-- Reload when reach Zero and assert clock output. 5 dif %
if lcounteras = o) then GEN : FOR I IN 0 TO (NUM-1) GENERATE “ e'{‘diin%; ¥
OUT o <= '1';
-~ Half period reached | I ?';df” s} -
eul;u.:.cguzferg?_: half period) then -- Connect to the actual legic entity @ if type :;ma '::q :} => dma_req_o(I)
end if:~ ' clock : entity work.clock dma ack i —> dma_ack i(I),
i [SEQ] port map { dma_done_i dma_done_i,
-- Free running down counter. number: ENABLE i => ENABLE(I)(@), dma_addr_o dma_addr_o(I),
if (counter32 = 0] then PERIOD => PERIOD(I), dma_len o dma_len o(I),
counter32 <= unsigned(PERIOD) - 1; [SRGATE] PERIOD wstb => PERIOD_wstb(I), dma_data_i dma_data i,
else ouT o —> OUT of{I) dma_valid_i dma_valid_i(1),
counter32 <= counter32 - 1; number: i i ' {% endif %}
end if; chk 1 == otk 1 clk i = clk i
end if; ); );
end if; [SFP3_S ;
end process; module: END GENERATE:
; END GENERATE; T
. stpsied clock_wrapper.vhd o block_wrapper.vhd.jinja2
end rtl; - end rtl;




FPGA Power Brick

* Enclustra XU6/ST1 integrated into
PowerBrick Motion Controller
(developed by Faraday Motion
Controls and DLS)

ST1

Custom

Line Driver
Cards



Targeting new hardware platforms - ZCU102

description: HPC-FMC card with 4 SFP+ ports ‘description:

M entity: fmc x4sfp i Standard set of PandABox blocks with
type: io E - no FMC modules
[ClW\jnterfaces; FMC ' - PandA synchroniser on all SFPs
constraints: const/fmc x4sfp.xdc const/fmc x4sfp impl.xdc 'target: zculez

extra_interface: fmc mgt: mgt 4 ‘options: !pcap_std_dev

iincludes: common soft blocks.include.ini

WEWLE] [Fuc_ PRSNT] I <
= I [SFP1_SYNC] c

type: read enum .module: sfp_panda_sync N

description: FMC present
FMC Disconnected

FMC Connected

FMC PRSNT not supported

tini: sfp_panda_sync_us.block.ini
isite: sfp 1

. [SFP4_SYNC]
imodule: sfp panda svnc

PANDA v layout v SFP5.SYNCIN v ==

Paramet

Readbacks

Linkup
0,100 ErCnt

Outputs

This replaces the panda_carrier
ock can be found in

02.target.ini



Synchronisation

» SFP-based blocks for synchronisation and data sharing

» PandA-EVR (event receiver): port of MRF timing
protocol used at DLS

* Event based system 2-byte (1 DBUS, 1 event code) @ 125
MHz — 2.5Gbps

* Can use recovered clock as system clock




Synchronisation

» SFP-based blocks for synchronisation and data sharing

» PandA-EVR (event receiver): port of MRF timing
protocol used at DLS

* Event based system 2-byte (1 DBUS, 1 event code) @ 125
MHz — 2.5Gbps

* Can use recovered clock as system clock
» PandASync — lightweight protocol for data sharing

* Share 8 bitbus and 4 posbus signals between PandAs; 6 _— - _
cycle repeating pattern ClockPuise Bid
. . . OFFSET_PPM CE_DSP_RATE DRPDEN
. 4-b¥)te (bitbus + some combination of posbus) @ 125MHz — I
5G PS Ceose | «———{DRPDATAO
. . CEpi | erAL DRP
* Requirement for < 1 clock cycles jitter between systems l l L T | mirro
N DO =
* PICXO — Phase Interpolator Controlled Xstal Oscillator (Xilinx IP) = [Low sanl 2] son 508 | Dot R
 Uses TXPI PPM controller e I R Y
L .. [ ™| Detector |Eror Vol | sigma 8-bit DRPADDR
*  ~20 ps timing jitter between TTL outputs ' Dl Phase
G1&Gz2 DRPCLKIN
Byleiasi ACC_STEP ‘ TXPCSOUTCLK
4 TXOUTCLK
BUFG/H/R 1" ——={ ENPI Ports
Figure 17: PICXO Macro Functional Block Diagram for GTX Transceivers

Xilinx XAPP589



Synchronisation

» SFP-based blocks for synchronisation and data sharing

» PandA-EVR (event receiver): port of MRF timing
protocol used at DLS

* Event based system 2-byte (1 DBUS, 1 event code) @ 125
MHz — 2.5Gbps

* Can use recovered clock as system clock
» PandASync — lightweight protocol for data sharing

* Share 8 bitbus and 4 posbus signals between PandAs; 6 i o __
cycle repeating pattern ClockPulse 4
. 4-b¥)te (bitbus + some combination of posbus) @ 125MHz — I ol
5 G pS CEose | -¢——————— DRPDATAD
) B CEpi | erAL DRP
* Requirement for < 1 clock cycles jitter between systems l l L T | mirro
* PICXO — Phase Interpolator Controlled Xstal Oscillator (Xilinx IP) E 1 o sanlo| o0 v | Dote —
* Uses TXPI PPM controller FBZ%SE?WE__ Bl Lyl oo
e ~20 ps timing jitter between TTL outputs ' MSD:\?' Prse
» In development — ultra-fine delay (~3 ps) from MGT f
ou t p u ts yiureroi AGC_STEP ‘ TXPCSOUTELK
* Plan to use for fast injection scheme on Diamond-I| ' ' -~ SN i

accelerators

Figure 17: PICXO Macro Functional Block Diagram for GTX Transceivers

* MGT -> electrical signals, custom FMC design

Xilinx XAPP589



PandABox-2 (UltraPandA)

» 1U 19-inch form factor (half width
variant)

» Interchangable front (Digital I/O) and
rear (encoder) panels
* Symmetrical 50-way ribbon cable
* Opportunity for customisable I/O panels

» LED screens on both front and rear
> Four native SFP+ sockets on front

» LPC-FMC+ socket with 12 MGTs pinned
out

» Clocking Support for White Rabbit

Soliel (main board), ALBA (encoder + DI/O boards), DESY (Mechanics), DLS (software/firmware), MAX-IV




Development environment

» Development container for all PandABox
related builds R
* Rocky8 image with standard packages (gcc etc) oot Ome® N s @ © b e

* ARM cross-compiler; AMD kernel, device-tree,
uboot sources .

* Source code for all rootfs packages Zyng-PS
 Static python environment!
* NOT AMD tools eg (Vivado, Vitis etc)

»Continuous Integration 0 sttt
Github Actions . ,
Cl builds for FPGA, rootfs and server repos

Includes python tests (framework) and HDL tests
(functional block sims)

Cl builds of the firmware images
* Github runner uses Vivado on local-hosted cluster
* De-facto source for releases

@ xu5-st1: adding app for panda-sync on ultrascale #1126

codeyml




+Yoct yocto

* Current rootfs : Buildroot inspired system used at DLS for many years PROJECT
* Small and maintainable, but not so accessible for external collaborators

* Yocto more industry standard

* Remove burden of maintaining packages

* Hoping to avoid headaches with upgrading kernel versions, Vivado versions, new hardware etc

* Issues may have addressed already in petalinux based distros
*  We may just be exposing new issues ...

* CocoTB

* Block level HDL tests previously used Vivado simulator (xsim)
* Original testbenches in Verilog (mixed language support)

* Moved these to CocoTB (open-source python simulation framework) ’ !
* Easier verification for python developers O ‘ O
* Cannow use GHDL or NVC- speed increase!

* Coverage reports (with NVC)
* Not clear how to deal with simulations of hard blocks (Xilinx IP, primitives etc)



* Flexible framework to support multitude of beam line applications
with a single firmware image (per hardware variant)

* Re-useable software/firmware stack, can be targeted to any Zyng-
7000 or ZU+ platform

* Reusable hardware — new PandA more customisable I/0O

* Growing collaboration; welcome new contributors to the
framework!!
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