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Apollo Platform (review)
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APOLLO Platform Block Diagram
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> “Service Module (SM)":

> 400W power
(12V to Command Module)
» Zynq SoC (Enclustra)
(70xx Revl; US+ Rev2)
»> IPMC (CERN,UW, or Open)
» Wisconsin ESM Ethernet Switch

» “Command Module (CM)":

Large FPGAs

Fiber transceivers

MCU control & sensors
Two Revl designs exist
Starting Cornell Rev2 design

Command Module]
Service Module

vyvyvyy

Will be used in CMS-IT-DTC, CMS-TF, & ATLAS-LOMDT = 250 blades
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Apollo SM Rev 2/2a
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APOLLO Service Module (SM) Rev 2/2a @

» Bug Fixes:
» Power-on sequence
» Zone3 Ethernet speed
> JTAG muxing (now a CPLD)

» Improvements:

» New Enclustra SoC options
XU8 and other US+ Zyngs

Still compatible with ZX1

M.2 2242 SSD (optional)

Power monitoring

Improved cover mechanics

More GPIOs (CM,SM,IPMC,ext)

vyVYY

» Status:
> Two Rev2s built
> CMS TCDS2 oversight fixed in Rev2a
» One more fix on Rev2 before Rev2a
order
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APOLLO Service Module (SM) Rev 2/2a (1)

» Bug Fixes:
> Power-on sequence
» Zone3 Ethernet speed
» JTAG muxing (now a CPLD)

» Improvements:

» New Enclustra SoC options
XU8 and other US+ Zyngs

Still compatible with ZX1

M.2 2242 SSD (optional)

Power monitoring

Improved cover mechanics

More GPIOs (CM,SM,IPMC,ext)

vyVYY

» Status:
> Two Rev2s built
» CMS TCDS2 oversight fixed in Rev2a
» One more fix on Rev2 before Rev2a
order
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APOLLO SM 2a

Fixes/Upgrades:

» Changing to TerraGreen material from Nelco-4000 for Halogen-free requirements
> Additional SD-card slot to help with SD-card problems in Rev-2
> Misc. fixes
Upgrades for CMS TCDS2
» Re-arranged transceivers for TCDS all into the same quad
> Additional Si5344 for TCLink clock cleaning
> Remove spurious silicon (fanouts, crosspoint switches) from signal path
» Provide option for TCDS2 endpoint to reside on either the SM or CM
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01320 Rec:
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DTH 40.08Mhz to
Zyng/CM not shown 1Y
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Moving to ZyngMP
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Rev2 with ZyngMP SoC ()

> FW/SW updates

» FW update was relatively easy due to Enclustra example design.

> Small differences complicated our tcl infrastructure, but generalized FW
easy to make

» Similar small changes in device-tree/kernel cause similar SW
generalization.

» Booting and device-tree required more manipulation in USP than in
7-Series

» Bring-up Issues
» In ZyngqMP, SDCard interface and Ethernet interface didn't work.
» When swapping in Zyng-7 SoC, SDCard and Ethernet worked.
»> Huge slowdown in bring-up. Used EMMC and UART file transfers...
» Everything magically worked in Vivado/petalinux 2020.2! Why???
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Building Many Related Firmwares

configs
revl_xc7z035

» The Apollo platform is used by different groups

> Users have a mix of Revl, Rev2, and Rev2a(soon)
» Solved via shared and separate source directories settings.tcl
in the repos iz;gx.fsi[.iyanﬂ_
» Common FW and cores are in ./src ./cores reva DK testing
> Revision specific FW and cores are in e ias

./configure/RevID/
> FPGA settings, file list, axi config in

-> revl_xc7z035

./configure/RevID “xczulev
. . . ATF
> Kernel options for each build are in configs
kernel /configs/RevID device-tree
. . . . h
> Makefile rules can build any configuration il

rev2_xczulev_gspi
czu7ev_testing

[dan@tesla SM_ZYNQ_FW]$ make list

Apollo SM config:

revl_xc7z®35 rev2_xc7z035 rev2_xczulev
revl xc7z045 rev2_xczu7ev_testing
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FW/SW Interface Update
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Apollo pHAL & C2C (Physical /Firmware)

FPGA1l Aurora | 2yNqlZyngMP
AXI AXI 6-10Gbp5 AX| Zynq ARM
Interc 'nnTCt Chip2Chip Chip2Chip Processor (Linux)
AXI -
AXI slave AXI slave IPBUS Chip2Chip Filesystem:
Addr: 110 || Addr: 120 AXI /dev/uiol
/dev/uio2
/dev/uio3+
AXI /dev/uio4H
Interconned /dev/uio5 .
d ioN
FPGAZ AXI AXI slave | | AXI slave feefreie
Ship2eiD Addr: 10 | | Addr: 20 farfee &y
/dev/uio_K_IPBUS T
/dev/uio_SERV
Interﬁ;(r:nect /dev/uio_SM_INFO

> Local and remote AXI slaves (remote via Xilinx Chip2Chip)
» Slaves memory-mapped using userspace UIO driver
» Modified pHAL for AXI access
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AXI| Endpoint Generation @

YAML Slave file

INTERCONNECT_N

> AXI_.CONTROL_SETS

»> AXI interconnects to connect slaves to
> Stores name and associated clk/resets
» AXI slaves auto expand these interconnects

> AXI_SLAVES:

> Each node is one AXI slave
> TCL_CALL:
tcl call to make for building slave
AXI connection and addressing info to use
Additional arguments for specific slave
> XML:
list of uHAL XML files for this slave
First listed is the top for this slave
> HDL:
Controls automatic AXI register map
decoder
and package of records generation

(CONNECT_NAME}
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AXI Endpoint Generation
YAML Slave Generated Block Design
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AXI| Endpoint Generation @

YAML Slave Generated Block Design ‘

User Tcl-scripts add Zynq and empty Interconnects
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AXI Endpoint Generation
YAML Slave Generated Block Design

YAML-driven Tcl creates AXI IP-cores or PL AXI
ports

Expands assigned interconnect and connects slave = %
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AXI| Endpoint Generation @

YAML Slave Generated Block Design

i

YAML-driven Tcl creates AXI IP-cores or
PL AXI ports

Expands assigned interconnect and connects slave E
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AXI| Endpoint Generation @

YAML Slave Generated Block Design

Block Design is now version controlled = =

with understandable diffs! 7:% :
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AXI| Endpoint Generation @

AXI Address VHDL & C fi_Ies

__AXI_ADDR_MAP__

0xBO0OOOOO
0xB0O106006
0xB00260000
0xBOO3060O
0xB0040000
0xBBO50000
0xBOO6OOOO
0xABOCO00O
0xA0000000
0xAB010000
0xA0020000
0xAB030000
0xA0040000

0xABO50000
0xA0060000
OxABO70000
0xB0O70000
0xADOBOOOEO

0x10000
0x10000
0x10000
0x10000
0x10000
0x10000

Files auto-generated when YAML file is processed
Handles both YAML fixed and Vivado auto-assigned AXI addresses
C header(left) used for FSBL modifications & future Cortex-R5F core usage

VHDL Package used for PL based AXI Masters to know slave addresses.

Skipping device-tree DTSI_chunk/post_chunk file creation (in backup slides)
Question: |s there a way to restrict the range of the Xilinx auto-assiged addresses

vvyyvyy
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AXI| Endpoint Generation @
Generating HDL

» uHAL XML is used to generate VHDL records and VHDL AXI <> record decoder

» Records have the same hierarchy as the XML address table

»> Mon (reads) & Ctrl (writes) are the top level records

User input XML: CM_USP.xml

<node
<node
<node

</node>

Auto-generated VHDL records:

:CM_CM_MON_t_ARRAY;

:CM_CM_CTRL_MON_t;
: MON_T_ARRAY;

_MONTTOR_MON_t;

2) of CM_CM_MON t;
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AXI| Endpoint Generation @
Generating HDL

» uHAL XML is used to generate VHDL records and VHDL AXI <> record decoder

» Records have the same hierarchy as the XML address table

»> Mon (reads) & Ctrl (writes) are the top level records

User input XML: CM_USP.xml

<node
<node
<node

</node>

Auto-generated VHDL records:

:CM_CM_MON_t_ARRAY;

:CM_CM_CTRL_MON_t;
: MON_T_ARRAY;

_MONTTOR_MON_t;

2) of CM_CM_MON t;
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AXI| Endpoint Generation
Generating HDL

» uHAL XML is used to generate VHDL records and VHDL AXI <> record decoder
» Records have the same hierarchy as the XML address table
»> Mon (reads) & Ctrl (writes) are the top level records

User input XML: CM_USP.xm|l — CM_single_USP.xml

<node

<node

<node
</node>

Auto-generated VHDL records:

M TRL_MON_t;
MON_t ARRAY

_M_MOHITOR_MOH_

2) of CM_CM_MON_t;

LA
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AXI| Endpoint Generation
Generating HDL

» uHAL XML is used to generate VHDL records and VHDL AXI <> record decoder
» Records have the same hierarchy as the XML address table
»> Mon (reads) & Ctrl (writes) are the top level records

User input XML: CM_USP.xm|l — CM_single_USP.xml

Rnode

<node
<node
<node

<node
w/node>

Auto-generated VHDL records:

:CM_CM_CTRL_MON_t;
: FMON_T_ARRAY;

_MONITOR_MON_t;

2) of CM_CM_MON_t;
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AXI| Endpoint Generation @

Generating HDL

» uHAL XML is used to generate VHDL records and VHDL AXI <> record decoder
» Records have the same hierarchy as the XML address table
»> Mon (reads) & Ctrl (writes) are the top level records

User input XML: CM_USP.xm|l — CM_single . USP.xm| — CM_C2C_USP.xml

<node
<node
<node
<node

<node

<node

<node

_STATUS_MON_t;
"LINK_DEBUG MON_t;
CNT_MON_t;

2) of CM_CM_C2C_MON
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AXI| Endpoint Generation @

Generating HDL

» uHAL XML is used to generate VHDL records and VHDL AXI <> record decoder
» Records have the same hierarchy as the XML address table
»> Mon (reads) & Ctrl (writes) are the top level records

User input XML: CM_USP.xm|l — CM_single_.USP.xm| — CM_C2C_USP.xml

<node = >
<node
<node
<node

<node

<node

<node

_STATUS_MON_t;

“LINK_DEBUG MON_t;
“CNT_MON_t;

rw-registers fed back in

] 2) CM_CM_C2C_MON
decoder so not in Mon

records
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AXI| Endpoint Generation @

Generating HDL

» uHAL XML is used to generate VHDL records and VHDL AXI <> record decoder
» Records have the same hierarchy as the XML address table
»> Mon (reads) & Ctrl (writes) are the top level records

User input XML: CM_USP.xm|l — CM_single_.USP.xm| — CM_C2C_USP.xm| — CM_CNT.xml

<node

<node

Made it to read registers.
Matching XML names

helps reading/writing code
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AXI| Endpoint Generation @

Using Generated HDL

: ) Add python auto-generated decoder
CM_inter fac?il: .CM_interface module (Ieft)

=> clk axi, Use Mon & Ctrl records to connect
=> reset_axi_n, .
=> slave_readMOSI, signals (be|OW)

z: i}ggjﬁgzaggil Child records can be sent to

=> slave writeMISO, modules to simplify interfaces
=> Mon, .
= Ctrl); Showing AXI decoder, can generate

wishbone

Phy_lane_control_X: .CM_phy_lane_control
(

=> CLKFREQ,
=> DATA_WIDTH,
=> ERROR_WAIT_TIME)

=> clk_axi,

=> reset,

=> CTRL.CM(iCM).C2C(iLane).CNT.RESET_COUNTERS,

=> phycontrol_en(1inkID),

=> CM_C2C_Mon.Link(linkID).status.phy_lane_up(0),
=> CTRL.CM(1iCM).C2C(iLane).PHY_LANE_STABLE,

=> CTRL.CM(iCM).C2C(ilLane).PHY_READ TIME,

=> aurora_init_buf(linkID),

=> phylanelock(linkID),

=> Mon.CM(iCM).C2C(iLane) .CNT.PHYLANE_STATE,
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AXI| Endpoint Generation @

Interface Embedding

P> It would be convenient to embed other
interfaces in our decoder

» This is now possible
right: BRAM example

» Specify a different decoder template
(template_map_with_bram.vhd)

» Mark as a memory in XML
Data width set in fw_info tag
Depth in size tag

> Now BRAMSs and signals can be delivered
as a group

P Access via normal memory mapped interface
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AXI| Endpoint Generation @

Interface Embedding

P> It would be convenient to embed other
interfaces in our decoder

» This is now possible
right: BRAM example

» Specify a different decoder template
(template_map_with_bram.vhd)

» Mark as a memory in XML
Data width set in fw_info tag
Depth in size tag

> Now BRAMSs and signals can be delivered
as a group

Access via normal memory mapped interface
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UIOuHAL and Simplified UIO searching

v

Original method linking AXI slave to
UIO# was complicated

»> Search of XML for labels

Search of /proc/device-tree for label
Get associated AXI addr for label
Use address for /sys/class/uio search
Get UIO #

» Kernel UIO update

» mainlined around 2020.2
» driver looks for “linux,uio-name”
» can be used by udev for naming

>
>
>
>

» Now each UlO is sym-linked with a name
Just search for to /dev/uio_label

» UIOpHAL now supports both modes
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UIOuHAL and Simplified UIO searching

» Original method linking AXI slave to
UIO+# was complicated
» Search of XML for labels
Search of /proc/device-tree for label
Get associated AXI addr for label
Use address for /sys/class/uio search
Get UIO #

» Kernel UIO update

» mainlined around 2020.2
» driver looks for “linux,uio-name”
» can be used by udev for naming

vvyvyy

» Now each UlO is sym-linked with a name
Just search for to /dev/uio_label

» UIOpHAL now supports both modes
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UIOuHAL and Simplified UIO searching

» Original method linking AXI slave to
UIO+# was complicated
» Search of XML for labels
Search of /proc/device-tree for label
Get associated AXI addr for label
Use address for /sys/class/uio search
Get UIO #

» Kernel UIO update

» mainlined around 2020.2
» driver looks for “linux,uio-name”
» can be used by udev for naming

vvyvyy

» Now each UlO is sym-linked with a name
Just search for to /dev/uio_label

» UIOpHAL now supports both modes

udev rule for automatic symlinking
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C2C Simplification with DT overlays
DTSI Overlay and DTBO files

Overview:

» Originally, the Zynq device-tree would have
to be build with the C2C endpoint slave
entries before boot.

> In practice this lead to a slow development
as the endpoint users had to interact with
the Zynq build.

> Device Tree Overlays allow for appending
to the device tree after boot

» Now C2C build emits dtsi overlay files along
with dtsi_chunk files (right)
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C2C Simplification with DT overlays @

DTSI Overlay and DTBO files

Overview:
.. . /dts-vl/;

» Originally, the Zynq device-tree would have /plugin/;
to be build with the C2C endpoint slave

entries before boot.

> In practice this lead to a slow development
as the endpoint users had to interact with
the Zynq build. <2>;

. . # <2>;
» Device Tree Overlays allow for appending <0x0 OxBEGO300O Ox0 0x1000>;

to the device tree after boot i

@BE0O3000 {

i

> Now C2C build emits dtsi overlay files along '
with dtsi_chunk files (right)

Slide 20/29  2021-06-09 D. Gastler



C2C Simplification with DT overlays @

DTSI Overlay and DTBO files

Overview:
.. . /dts-vl/;

» Originally, the Zynq device-tree would have /plugin/;
to be build with the C2C endpoint slave

entries before boot.

> In practice this lead to a slow development
as the endpoint users had to interact with
the Zynq build. <2>;

. . # <2>;
» Device Tree Overlays allow for appending <0x0 OxBEGO300O Ox0 0x1000>;

to the device tree after boot i

@BE0O3000 {

i

> Now C2C build emits dtsi overlay files along '
with dtsi_chunk files (right)

Usage:

» DTSI overlay files must be converted to
dtbo files

» DTC command:
dtc -O dtb -o CM_K_INFO.dtbo -b 0 - CM-K_INFO.dtsi

> DTBO files copied to Zynq for loading
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C2C Simplification with DT overlays
Using DTBO files

General:
> DTBO files are relatively easy to add at
any time
» Current plan is to load them at the end
of Linux boot.

» Script loads all dtbo files in a specified
directory
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https://gitlab.com/BU-EDF/devicetreeoverlay-scripts/-/blob/main/overlay_script.sh

C2C Simplification with DT overlays
Using DTBO files

General:
» DTBO files are relatively easy to add at
any time
» Current plan is to load them at the end
of Linux boot.
» Script loads all dtbo files in a specified
directory

Example:
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https://gitlab.com/BU-EDF/devicetreeoverlay-scripts/-/blob/main/overlay_script.sh

C2C Simplification with DT overlays
Using DTBO files

General:
» DTBO files are relatively easy to add at
any time

» Current plan is to load them at the end
of Linux boot.

» Script loads all dtbo files in a specified
directory
Example:

» Place DTBO file in /lib/firmware search
path

» Create dir in configfs DT overlays

» Inject filename into path special file
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https://gitlab.com/BU-EDF/devicetreeoverlay-scripts/-/blob/main/overlay_script.sh

C2C Simplification with DT overlays @

Using DTBO files

General:

» DTBO files are relatively easy to add at
any time

» Current plan is to load them at the end
of Linux boot.

» Script loads all dtbo files in a specified
directory
Example:

» Place DTBO file in /lib/firmware search
path

» Create dir in configfs DT overlays

» Inject filename into path special file

New UIO device automatically loaded!
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https://gitlab.com/BU-EDF/devicetreeoverlay-scripts/-/blob/main/overlay_script.sh

Useful Tcl
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Useful Tcl

Quad Print

un-used / un-used

cHs_P(1] CcHs_NI1] : / un-used / un-used
cM2_RX_N[0] X/Rx : n un-used

CM2_TX_N[O] . / un-used

/i : un-used

3 un-used

m _CMI_RX_N[0] /R / - un-used

ZCMI_TX (6] x : un un-used

LDAQ_f o N
7 LDAQ_TXN

REFCLK_CHS_N[0]

REFCLK_REC_N
_TTS N un

CM1_RX_PI1]
P(1]

N
C QM2 RX NI1]
CM2TXN(1]
ZTCDS TS N
TCDS_

» Prints all the Quads in an FPGA

> Lists the transceiver clk/io pins and the signals connected to them

» Source tcl file here.
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https://github.com/apollo-lhc/SM_ZYNQ_FW/blob/develop/scripts/printQuads.tcl

Useful Tcl

Tcl based IPCores

create_ip -vlnv [get_ipdefs -filter {NAME == clk_wiz}] -module_name ${

set_property -dict [

.PRIM_SOURCE {Differential_clock_capable_pin}
.PRIM_IN_FREQ {100}
.PRIMARY_PORT {clk_in}

KS {2

s ${ 11

Capture Xilinx IP Core creation from Vivado

Use get_ipdefs to select the latest version of the IP in this Vivado session.
Easy to change parameters like clock frequency or ila ports & sizes.
Version control diffs are meaningful.

Source clock example file

vyVvyVvyVvYyYyvyy

Source ila example file
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https://github.com/apollo-lhc/SM_ZYNQ_FW/blob/develop/configs/rev2_xczu7ev/cores/onboardClk.tcl
https://github.com/BU-Tools/uHAL_AXI_regmap/blob/2a28039c08f86fca3ce5c95d6076edb1790275a2/templates/axi_generic/map_withbram_ila.tcl

Summary

Slide 25/29

»> Apollo SM Rev2 has been built and is running with Enclustra ZyngMP SoC
» Apollo SM Rev2a is being produced to solve CMS TCDS2 issue

» Much work has been done on FW/SW build integration

> YAML configuration file for AXI slave automation
» Updated UIO interface for easier uHAL interface
> Use of device-tree overlays to map Command Modules at runtime.
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Bonus slides
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OLD! AXI yHAL (Device-tree)

» AXI slaves can be accessed in userspace
via UIO

» Modify “compatible” tag to make a UIO
device (system-user.dtsi)

» Tag “label” helps map slave to UIO #

VC1" address="0
"LENGTH" addre:

inside Debug Bridge IP"/>

"SERV" address="
" permission="r">
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Appended to system-user.dtsi
&XVC1{
compatible = "generic-
label = "XvC1"

}

amba pl {
axiSlaveSERV: SERV@43C20000 {

compatible = "generic-uio";
reg = <0x43C20000 0x10000>;
label = "SERV";

Test Mode Select (TMS) Bit Vector"/>

Test D. In (TDI) Bit Vector"/>

Test Data Out (TDO) Capture Vector"/>
nable shift operation”/>

Enable Si5344 outputs"/>
Pow 244" />




OLD! AXI yHAL (Address table)

» Address tables map AXI slave name to user friendly names and code friendly
addresses.

» Nodes under the top node point to AXI slaves with the same name.

> These nodes also set the code level addresses (won't change)

» Mapping from Address table name to UlO to AXI slave handled automatically
Example Address Table:

<node id="ToP">
<node id="XVC1" addres 06000000">
<node id="LENGTH" address="0x0" permission="rw" destrlptlon:”Length of shift operation in bits"/>
<node id="TMS VECTOR" addres " description="Test Mode Select (TMS) Bit Vector"/>
<node addres: description="Test Data In (TDI) Bit Vector"/>
<node i X descrlptjon "Test Data Out (TDO) Capture Vector"/>
<node id="60" ox1" description="Enable shift operation"/>
<node id="LOOPBACK" address="0x4" mask="0x2" permission="rw" description="Control bit to loopback TDI to TDO
inside Debug Bridge IP"/>
</node>
<node i
<node i " permission="r
<node id="0E" address= permission="rw" 1" description="Enable Si5344 outputs"/>
n " description="Power on Si5344"/>
address="0x0" permission="rw" 0x4" />
<node id="INT" address="0x0" permlsslon-”r” 0" descripti $i5344 i2c interrupt"/>
<node id="LOL" address="0x0" permission="r" " description="5i5344 Loss of lock"/>
<node id="L0S" address="0x0" permission="r" description="5i5344 Loss of signal®/>
</node>
<node id="TCDS" address="0x04" permission="r">
<node id="TTC SOURCE" address="0x0" permission="rw" mask="0x1" description="TTC source select (0:TCDS,1:TTC FAKE"/>
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OLD! AXI yHAL (Software Internals)

root@zynq_os:~# hexdump -C '/proc/device-tree/amba_pl/debug brldqem43c60000/lahel‘
00000000 58 56 43 31 00 |XvCl. |
00000005

#

# hexdump -C '/proc/device-tree/amba_pl/debug | brldge( 3c00000/reg’
00000000 43 cO 60 60 00 01 00 00 Tl
00000008~ ~_

#

root@zynq o 1s -1 /sys/class/uio/
total 0
Trwxrwxrwx root root H i ../../devices/soc0/amba_pl/43c%0000.xadc_wiz/uio/uio®
Trwxrwxrwx root root H i o /devices/soc0/amba_pl/41600000.i2c/uio/uiol

root root in1A ../devices/soc0/amba Q09 .SLAVE _I2C/uio/uiol®

root root - Fdevices/soch/amba pdebug bridge/uio/uio2
Lrwx rwx rwx root root .. /devices/soc0/amba_pl/Z3CI0000.debug bridge/uio/uio3
Lrwxrwxrwx root root io4 o /devices/soc0/amba_pl/43c20000.debug_bridge/uio/uio4
Trwx root root 4 04: i ../../devices/soc0/amba_p1l/43c42000.KINTEX_SYS_MGMT/uio/uio5|
LrwXrwx rwx root root : ../../devices/soc0/amba_pl/43c40000.myReg0/uio/uiob
Lrwx rwx rux root root : .. /devices/soc0/amba pl/43c41000.myRegl/uio/uio?
Trwxrwxrwx root root g B i . /devices/soc0/amba_pl/43c70000.CM/uio/uio8
Trwxrwxrwx root root B uio9 ../../devices/soc0/amba_pl/43c50000.SERV/uio/uio9

Mapping AXI slave name to UIO device number
» Linux proc filesystem lists the tags from the device-tree
» AXI slave label can be found here
» AXI slave physical address info can be used to find UIO number in sys filesystem
>

pHAL can use this info to map address table nodes to UIO numbers
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