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1. Introduction
1.1 Update history

2017.12.19

e In Chapter 2, added a section about Mezzanine DIL.

e [n Chapter 2, added a section about Mezzanine HR-TDC.

e Consistent behavior of the reset sequence in the existing firmware (described in Chapter 4).

e Explicitly stated that 100 Mbps ethernet communication is not supported in the exisiting
firmware.

e Added a bit in the data header of the existing firmware showing that HRM exists (described in
Chapter 4).

e Stability improvement of HUL MH-TDC in high rates. Increased the event word size to 12 bits.
Confirmed no event slips up to 10° events.

e Added HR-TDC section in Chapter 4.

e Added a few practical use in Chapter 7.

e Description about the board with SPI flash chip changed to MT25QL512.

e Description of simple tests.

e Description of how to use multiple HUL in a VME crate.

e Usage of HR-TDC.

e Modification to sitcp_controller.cc in controlling C++ software package. Sleep configulation in
Reset SiTCP.

e Removed gzfilter.hh from the controlling C++ software package, because it is strongly dependent

to the gcc version. Removed data compression option.
2018.2.2

e Resolved an issue of returning a wrong event ID by +1 when event-tag 1s received from JO bus by
HRM, Scaler, MH-TDC and HRTDC_BASE, relative to the module with HRM installed.

e Resolved an issue of data returning out of the search window range from Mezzanine HR-TDC and MH-
TDC.

e Resolved an issue of Local bus hang in case of BCT::Reset in HR-TDC_BASE.

e Described in Chapter 7 the i1ssue that no triger could be received in the JO slave modules after
a module reset in case of Level2 trigger in JO on a VME crate (not resolved).

e In Chapter 7, described the case where an event slip has occured.
2018.8.22

e In Chapter 7, described a board which has SPI flash upgraded to S25FL256SAGNFI001.
e In Chapter 7, described the handling necessary in the original SPI flash memory, N250Q128A

2021.11.10

e Firmware 1s major updated to version 3.

e Major updates of the descriptions in the User Guide
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2022.01.13

e Release the English version user guide.
2022.03.18

e Correct the description of the mezzanine HR-TDC sub-header structure.
2023.01.17

e Released Mezzanine HR-TDC v5.0 and HUL HRTDC BASE v4.0. Updated description of what changed.

e Removed MifFunc.cc from software. Introduced BctBusBridge.cc instead.

e Fixed a bug that the self-busy length of HUL HRTDC BASE is short and there is a valley in the
busy signal.

2023.02.24
e Released HUL HRTDC BASE v4.1. The bug-fixed version of v4.0, which does not work correctly.

2023.08.19

e Fixed incorrect description of Mezzanine HR-TDC clock frequency.

1.2 Module overview

Hadron Universal Logic (HUL) module has been developed as an upgrade from Tohoku Universal Logic (TUL)
which was used in Hadron Hall experiments, J-PARC. The controlling field programmable gate array (FPGA)
1s upgraded to Xilinx Kintex 7, enabling more complicated logic conditions run in a higher speed. HUL
has two fixed input connectors and two mezzanine slots the latter of which enable extensions to various
experimental needs by installing mezzanine cards. These two connectors and slots are connected to FPGA
by 64 (32x2) fixed input lines and 64 (32x2) pair differential lines, respectively, enabling handling
of 128 channel maximum inputs. The 64 pair differential lines are directly connected to the mezzanine
base connectors, so that input/output is programmable to the mezzanine cards. HUL is equipped with the
data communication ethernet interface (GbE) and the trigger input/output busline (KEK-VME JO) which TUL
did not have. Communication to the data-taking PC employs UDP and TCP protocols supplied by the SiTCP
technology, which is a FPGA-based hardware implimentation of TCP/IP, supporting 1Gbps TCP communication
via an ethernet cable (Cat.5 and above). UDP communication is extended by remote-bus control protocol
(RBCP) of SiTCP, which supports the addressed access to the memory region of HUL in slow-controls. KEK-
VME JO bus is & pairs of triggering bus in M-LVDS signal levels. It consists of 7 pairs of transmission
lines and one pair of output (BUSY). HUL may act as the bus controller or the slave receiver of the JO
bus. HUL is developped in an Open-It project "Hadron Universal Logic Module", employing the
technological developments achieved in the Open-It consourtium. The interectual property and its usage
1s subject to the terms of the Open-It consourtium. Open-I[t
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2. Hardware
2.1 HUL controller module

Hadron Universal Logic (HUL) controller module is VME 6U size printed circuit board, and is called
simply as HUL hereafter. The catalog number in GND Ltd. is: GND catalog number (S—IX5F 1 —EBE
) GN-15731

2.1.1 Detailed Specifications

e Input ports
o 64 pairs of differential inputs (KEL 8&831E connector)
o Supports LVDS, ECL, PECL, LVPECL etc.
o 4 ports of NIM inputs
e Qutput ports
o 4 ports of NIM outputs
e Mezzanine slots
o 2 slots
o Directly connected to FPGA via duplex LVDS 32 pairs
o Power suppy to Mezzanine board: +3.3 V from HUL
e Communication interface
o RJ45: GbE (1000BASE-T)
o VME J1 1s not supported
o FPGA
o Xilinx Kintex7 (XC7K160T-1FBG676C)
e Configuration memory chips
o SPI flash in 3.3V (one of the followings depending on the manufacture date)
= N25Q128A13EF840E
= MT25QL512ABBIEW9-0SIT
= S25FL256SAGNFI001
o SPI (synchronous serial interface) in serial configuration mode
e Clock source
o 50 MHz LVCMOS (~50 ppm)
= Peak-To-Peak jitter 30ps
e Trigger bus
o KEK-VME JO
o HUL may be configured as a bus driver or a receiver
e Power supply
o DC +5V
o supplied from a AC/DC adapter, or the VME-J1 connector
e Power consumption
o static: 0.5~0.7 W @3.3 V (mainly at ethernet PHY) and 0.5~0.7 W @1 .0 V (mainly at FPGA)
o dynamic: strongly depends on the FPGA firmware

A picture of HUL and block diagram are shown below
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Figure 1: Photo and block diagram of HUL controller.

IMain port U (D)

Fixed input ports in the front. The connector is the half-pitch 68 poles (KEL 8831E-068-170L-F). A
cable with the compatible connector is supposed to be manufactured. Channel assignment is 0-31 for
U and 32-63 for D, with lower number in the marker side. The signal grounds are AlA2 and B1B2
pairs, right below the marker. The inputs support differential signals in LVDS, ECL, PECL and
LVPECL levels with the common mode voltage in the -4 V ~ +5 V range. When feeding an emitter-
follower type signal levels, such as ECL, the signal current must be controlled in the driver side.

There 18 no register for the current control in the HUL side.

The fixed input ports converts the differential signals to LVCMOS before feeding to FPGA. This
limits the maximum repetation speed to 560 Mbps. If the signal rate is higher than that, consider
using a mezzanine card. For an application to wire chambers, where Amp Shaper Discriminator (ASD)

outputs are fed into HUL, the repetition rate limit 1s not a problem.

INm N

4 intputs of NIM level. Channel assignments are written on the board. Channel number starts with 1

INim ouT

4 outputs in NIM level. Channel assignments are written on the board. Channel number starts with 1

IEthernet connection (LAN)

RJ45 type ethernet connector. Gigabit Ethernet PHY chip is connected. Used for PC-FPGA

communication via SiTCP.

IMezzanine slot U(D)

Slots to install mezannine cards. HUL has two of 64 pole connectors MOLEX-071439-0464 for one card.
The upper connector has the signals and the lower has the power supply and the ground. Mezzanine
cards may employ a few models of connectors with different heights, but i1f MOLEX-071436-1464 is
employed, the card will be supported by three of 9 mm stand + 0.5 mm washer sets.
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The signals are 32 pairs of differential lines to FPGA. There is no component to determine the
signal direction between mezzanine connectors to FPGA, so that duplex LVDS may be adopted for the
signal levels. The design of the mezzanine card and the FPGA firmware determine the actual signal
levels and directions. If inputs are assigned to Slot U and D, the channel numbers will be 64-95
and 96-127 respectively, with the offset (0-31 and 32-63) from the main ports of the board. Some of
the polarities p/n are reversed between the mezzanine connectors to FPGA owing to the simplicity of
the pattern layout. The VHDL source MzN NetAssign.vhd takes care of the polarities of the

differential signals by inserting logical inverters (NOTs) to the signals.

Mezzanine slots supply +3.3 V to the card. The current allowance will be 4-5 Amps (13-16 W) to the
card, with the 6 Amps supplied from the power and 1-2 Amps consumed by HUL itself.

lcn1a
Connector for JTAG protocol. PC may download the FPGA firmware via USB-JTAG downloader by Xilinx.
How to download bitstream or MCS are described more in detail in Chapter 7.

Jswi
The switch which defines whether HUL is a VME JO bus driver or a receiver. SW1-8 must be all OFF to
be a receiver (default). SW1-8 must be all ON to be a driver. Do not define more than one driver in

a WE crate, as such situation will short circuit the bus line and causes a damage.

fsw2
User defined dip switch. The role 1s defined in FPGA firmware.

Jsws
User defined push switch. It generates a pulse to send to FPGA. In the exisitng firmware, it causes

the highest reset action. The pulse logic 18 negative, changing from 1 to O if pressed.

P
Reserved. Keep it open.

bp2,3
Close to take power from VME J1. DC +5V as the supply.

lPa, 5
Close to take power from a AC/DC adapter.

Jacioc
Standard socket for a DC power input (OD 5.5 mm, ID 2.1 mm, center plus).

[Fuse
5 Amps fuse. Compatible to a standard fuse, such as PICO® fuse by Littelfuse.

JvmE J1
Connector to a VME crate. Only the power supply (+5V) is connected.

JvmE Jo
Connector to KEK-VME JO bus. There is no connection to the power supply on JO bus. Equipped as a

default, but is an optional. Order the board without CN9 to remove this connector.
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2.2 HUL Mezzanine cards

2.2.1 HUL Mezzanine Drift Chamber Receiver
(DCR) Ver.1

Drift Chamber Receiver (DCR) Ver.l is the input repeater circuit board for the Amp Shaper Discriminator
(ASD) card designed for drift chambers (GND catalog number: GNA200). It repeats 32 channels of signal
from GNA200 into LVDS levels, so that HUL can read. Ver.l keeps the differential characteristics to
FPGA with a higher timing resolution, 1t 1s superior to the Ver.2 or the HUL main input ports. However,
these advantages are subtle, and Ver.2 is upper conpatible with more kinds of supported signal levels.
GND catalog number (3—I X5 1 —EEHES): GN-1573-S1

LVDS‘input

LVDS
repeater

Figure 2: mezzanine DCR vl

linput Port
LVDS input ports. The connector is a half-pitch 68 pole (KEL 8831E-068-170L-F). A compatible
connector must be used with cables. The marker side is lower in the channel number, as in the HUL
on-board inputs. The grounds are AIA2 and BIB2 pair, directory below the marker. Due to the
simplicity of the board pattern, DCR ver.l and ver.2 both have a swapping of the channel numbers
and polarity p/n. The VHDL source DCR Netassign.vhd takes care of the channel / polarity order to

be correct, as shown in the figure below.

In FPGA
Input Mezzanine DCR_NetAssign

connector base connector

- Swap Invert \ Channel numbers
. net p/n / as they look
cho

Hiding information that
users don't need

ch31

Figure 3: DCR has net swaps and corrections
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ILVDS repeater
Receives LVDS signals and repeats to FPGA. These ICs protect FPGA from unintentinal signal

disturbances, such as discharges.

2.2.2 HUL Mezzanine Drift Chamber Receiver
(DCR) Ver.2

Drift Chamber Receiver (DCR) Ver.2 has the same role with ver.l, but employs the same differential
receiver ICs with those used in HUL on-board main input ports. This enables acceptance of various
levels of differential signals (LVDS, ECL, PECL, LVPECL etc) as for the HUL on-board inputs. For the
purpose of input ports extention, ver.2 is recommended. GND catalog number (—IXF 1 —EBES):
GN-1626-1

Diff. signal.=> IMCOMS = LVDS (Into HUL)

‘N VAVYSO

=
©
N
[
2
=]
o
o
O
<
@
(=}
o
-
(=%
-
N

Figure 4: mezzanine DCR v2

bnputPon
Mechanically the same with DCR Ver.1. Supports differential signals with the common mode voltages
ranging from -4 V to 45 V. The differential signal is converted to LVCMOS (as in the on-board input
ports) and subsequently converted to LVDS to feed to FPGA. The VHDL code DCR_NetAssign.vhd takes
care of the channel and polarity p/n swaps as in ver. 1.

2.2.3 HUL Receiver Module (HRM)

HUL Receiver Module (HRM) receives the trigger signals and event numbers distributed from Master Triger
Module (MIM: GNN-570) employed in J-PARC Hadron Hall experiments, and returns BUSY signals back to MIM.
HRM de-serializes the trigger signals and event numbers transmitted through the Category Se twist-pair
cables, and converts to a bus signal format to FPGA. In return, HRM serializes the BUSY and RSV2
signals from FPGA to be transmitted to MIM. The trigger signals to and BUSY signals from HRM are all
processed in the FPGA on HUL, enabling the HUL to function as a JO bus controller of KEK-VME crates.
GND catalog number (—I X5 1 —EEHS): GN-1627-1
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Figure 5: HUL receiver module (HRM)

[PortA
Trigger inpurt port A. Should be connected with a twist pair cable to MIM port A or repeater port
A.

|PortB
Trigger input port B. Should be connected with a twist pair cable to MIM port B or repeater port B.

|LED (LOCK)
Lights green if the event tag bit from Port B is correctly decoded, and the PLL lock of the clock
is high.

|LED (BUSY)

Lights red if the BUSY to MIM is high. However, HRM reflects only the BUSY status from FPGA, which
should be independently checked if it correctly reflect the the create bus BUSY signals.

lP1
Controls RRFB, meaning whether the de-serialized event tag outputs synchlonize to RCLK clock rising
edge (R) or falling edge (F). Default is R. This is a 3-pins pin header. Short the R side.
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Inputs/Outputs to/from Mezzanine HRM

Signal  Direction Description
RCLK IN Clock decoded from the event tag from port B
LEVEL1 IN Levell trigger signal
LEVEL2 IN Level2 trigger signal
Clear IN Fast clear signal
RSV1 IN Reserve 1 signal from MIM
LOCK IN Lock bit of PLL, showing that the clock is correctly decoded.
SNINC IN Spill Number Increment. FPGA may count the spill numbers.
Event .
IN 12 bit event number from MIM
counter
Spill . ;
IN 8 bit spill number from MIM
counter
RREB OUT Timing for decoded tag information. High for rising edge (R) and Low for falling
edge (F) of RCLK.
BUSY OuT BUSY signal to MIM
RSV2 ouT Reserve 2 signal to MIM

2.2.4 HUL Mezzanine differential signal transmitter
LVDS (DTL)

Mezzanine DTL 1s a LVDS output buffer from HUL-FPGA to other devices. The circuit i1s the same with
DCRvl, except the input/output directions of the LVDS repeaters. The channel assignment 1s the same
with DCRv1. HUL-FPGA must output LVDS signal to drive this card. GND catalog number (—IXF 1 —&
E#HES): GN-172441

= 4
o
N
N
o
>
>
o

Signals
from HUL

LVDS repeater

Figure 6: Mezzanine DIL

IOutput Port
LVDS output ports. The mechanical specification, signal and ground assignments are the same with
DCR v1. This mezzanine card requires to use the VHDL source DCR NetAssign.vhd , but the input/

output direction is opposite from the case in DCRvl.
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2.2.5 HUL Mezzanine NIM extension (NIM-Ex)

Mezzanine NIM-Ex extends the NIM inputs/outputs of HUL. It has 12 LEMO connectors grouped in 6 pairs
which are independently selected for inputs or outputs by switch settings. The same IC is employed as
used in HUL NIM IO ports, and the speed is the same.

NIM-Ex card consumes 5.5W, being rather large. The card generates -3.3 V on-board and may become hot.
Air cooling fan is strongly recommended. Otherwise, the mezzanine card may break by the self-heating.
There are numerous mistakes on the circuit diagrams. An example design is included in the skeleton
project of mezzanine board, because the errorous circuit net prevents a guess of correct XDC and HDL
code.

< _Signals:from
(to) FPGA

[}

DirSW
. < OUT/IN =

Figure 7: Mezzanine NIM-Ex

|LEmo
12 channel LEMO connectors. Example sckeleton design includes NimEx NetAssign.vhd , which has the

net number associated to the physical channels as figure above.

Ipir sw
Signal direction in groups of 2 channels. Defined for OUTPUTs 1f the switch is toward the LEMO

connector; defined INPUTS if otherwise.

2.2.6 HUL Mezzanine High-resolution TDC

Mezzanine HR-TDC is capable of measuring time difference in ~30 ps resolution in common stop and multi-
hit mode. It has a dedicated FPGA for the time measurement on the mezzanine card, and requires controls
and data transfer operations from HUL. The function of the mezzanine is to measure time, to form data
in a pre-fixed format and transfer the data to FPGA on HUL by the trigger input. Depending on the
firmwvare of FPGA on HUL, this mezzanine is able to act as a simple TDC or play a more complicated role

such as Time of Flight (TOF) trigger. Detailed action and control is described in Chapter 4.

The FPGA on this mezzanine card is Kintex-7 160T-1, the same chip as used on HUL. One mezzanine takes
32 channels of timing signals, capable to measure both the leading and trailing edges. The sinal input
level 1s exclusively LVDS, not supporting ECL. The clock for FPGA is selectable either from the quartz
on the mezzanine or from HUL. The power is +3.3 V taken from HUL, and other voltages are generated on
the mezzanine card via low drop-out (LDO) regulators. The power consumption is 5 W / card, which is
rather high. If the +3.3 V power supply chip on HUL is LMZ30604RKGT (max. 4 Amps), i1t is insufficient
to drive two mezzanine cards. In such cases, make sure the chip on HUL is LMZ30606RKGT (max. 6
Amps). The power consuption of the entire board will become almost 20 W when two HR-TDC mezzanine
boards are installed. Make sure that the board is well cooled by a fan. If the cooling of the FPGAs is
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not sufficient, they became unstable with progressively increased leak currents. It is strongly
recommended that a VME crate with a fan 1s used. (Also, stable ground is necessary to reach to the high
timing resolution.) GND catalog number (S—I X5« —EIEHS) : GN-1644-1

_ HData
~transfer to
HUL

Signal'ln
(LVDS)

buffer

Figure 8: Mezzanine HR-TDC

bnputPon
Signal inputs which supports only LVDS levels. Connector is a half-pitch 68 pole (KEL
8831E-068-170L-F). The ground 1s assigned on AlA2 and BIB2, right below the marker. Channel

assignment 1s 0-31 from the marker. There i1s no swap of the channels.

lcna
JTAG connector for firmware download. FPGA and SPI flash memory may be accessed. The SPI flash
memory chp 1s N25Q128A11EF840E or MT25QU256ABAIEWO-OSIT with 1.8V power inputs. Please configure /
identify the chip correctly when downloading MCS onto the SPI chip.

Jswi
Dip switch to control the FPGA of the mezzanine card. The current firmware selects the clock source
from the quartz on the mezzanine card or from the HUL.

Ix1
100 MHz quartz oscillator. The frequency must be the same if HUL clock is used.

SPI flash memory chip version
Mezzanine HR-TDC has two versions for the flash memory chip, depending on the date of the manufacture.
To correctly identify the flash memory chip, Vivado (the FPGA tool on PC) is required. It is safer to

mark the SPI flash memory chip version with a note on the board.

e N25Q128A11EF840E (pre 2020 manufacture)
o MT25QU256ABA1EW9-0SIT (since 2020)
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3. SITCP

S1TCP 1s a hardware implementation of TCP/IP network communication protocol, developed by Tomohisa

Uchida at KEK. It enables the communication without an involvement of a CPU. Please refer to Uchida's
and BBT's web sites for detailed usage and the most recent IP core (the component to be linked when
developing a firmware). * Uchida's web site * BBT's web site

S1TCP block diagram i1s shown in a figure below. SiTCP initializes the ethernet communication PHY and
loads MAC and IP addresses from EEPROM. In the forced default mode, the MAC and IP addresses are set to
the default (192.168.10.16). The forced default mode does not allow other SiTCP hardware in the same
forced default mode to exist in the same network, usually used in the 1 to 1 connection to the PC for
testing. Si1TCP provides TCP and UDP communication protocols to FPGA. SiTCP supports both the 100 Mbps
and 1Gbps modes automatically switched by the signal from PHY; however, the existing firmware for HUL
only supports the 1Gbps mode. TCP generally transmits or receives data in the 8 bit units synchlonized
with the system clock; however, the TCP receive action (data from PC to hardware in TCP) is not
recommended in SiTCP. The registers on the hardware are accessed via UDP. A unique packet called RBCP
1s used in the UDP for control command transmission, address setting and data transmission and
receiving. RBCP returns UDP acknowledge for handshaking between the PC and SiTCP. UDP transmits 32 bit
address and transmits/receives data in 8 bits synchlonized with the system clock. SiTCP internal
registers and the EEPROM are also addressed and may be accessed via UDP, however do not touch them
unless really necessary. The IP and MAC address are stored in EEPROM and loaded to SiTCP registers,
which may be accessed by the BBT software (SiTCP tools) or specifying the UDP address in a user
program.

S1TCP does not "keep alive" the connection by default. This causes a session closure in case of very

low trigger rate (~1 trigger / 30 min). To avoide such situation, regularly send a keep alive packet.

In FPGA
******* TCP -
8bit read
8bit write
SiTCP | UDP
Data Default IP Addr. 32bit address
Ethernet (192.168.10.16) [
PHY 8bit read
——
Initialize 8bit write
PHY

EEPROM =Store MAC address
=Store IP address

Figure 1: SiTCP block diagram

3.1 MAC and IP address setting

MAC and IP addresses are stored in EEPROM and designed to be set via SiTCP. A firmware which has at
least SiTCP must be loaded to FPGA to access the address. To set the address, a user program with RBCP
communications may be written, however, SiTCP tools developed by BBT is also available from 1ts web

site after user registration. To write the MAC address, use SiTCPMpcWriter in the BBT's tools. Select
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the file in the DVD purchased from GND Ltd (recommended) after starting the tool. MAC address has to be
unique to each hardware; having the same MAC address in the same network causes a communication

trouble. For more about SiTCPMpcWriter, refer to BBT's web page.

To write IP address, use SiTCP Utility (MS Window software) also available in multi platforms (beta-
release). This procedure must be performed after installing the MAC address. Check on "access to
EEPROM" which is marked in the red square in the figure below. Specify the current IP address and press
"show(F7~)" button. If the "eye" in the upper right corner blinks and the information is shown, the
access was successful. If the current IP address i1s unknown, start the hardware in the foced default
mode (192.168.10.16). Fill in the new IP address to set and press "rewrite(ZFEEX)". This loads the
new IP address only to EEPROM, and the current IP address stays the same. To confirm the IP address in
EEPROM, again press the "show(3F7R)". This address is effective after turning on the harware power next
time

3
Version. 09.2

SiTCP Utility Copyright(C) Bee Beans Technologieshc. nuu huﬂ"s @

—8  [##UOP) | ¥ -H(TCR)|

HfpISR SR

1P Address  192.168.10.16 IP Address  192.168.10.16

TOP Port 24 F TGP Port 24 BEAT
UDP Port 4660 UDP Port 4660

HHLLRR | [] EEPROMCTHERTD

Figure 2: SiTCP Utility
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4. Firmware
4.1 Version.1 and Version. 3 series

Major update of the firmware was done in August 2021 from version 1 to version 3. There is no software

compatibility between them, because of the change of the local bus controller (BCT) structure. Version.
2 1s an internal development and not released. Version.l uses some of the RBCP address as the data
bus, but version.3 uses the full =RBCP address (32bit) and the full Recp data (8 bit) as they are.
The modification above seamlessly enables FpGaModule class as a wrapper to ®ecp class. In the DAQ

/ slowcontrol software for version 3 firmware, RBCP address specifies the local modules, making
ModuleID and LocalAddress in version 1 obsolete. ModuleID and Localaddress reflects the Bus

Controller (BCT) structure of version 1, which information is irrelevant to the (non developper) users.

Version.3 1s newly equipped with two local modules common to all: Flash Memory Programmer (FMP) and
Self Diagnosis System (SDS). FMP writes SPI flash memory via SiTCP. It has enabled a remote downloading
of the firmware (MCS file) to EEPROM via ethernet, eliminating the offline download procedure using a
USB-JTAG cable. SDS diagnoses the status of FPGA and the board. It audits the number of soft error
corrections caused by radiations, or detects an un-recoverable error. Surveillance of FPGA temperatures
and critical voltages (VCCINT, VCCAUX and VCCBRAM) are also implemented.

4.2 Basic structure of HUL firmware

There are two types of HUL firmware: with or without data acquisition by the PC. An example for the
former is TDC, and the latter is a trigger logic. The latter has the individual block structure
depending on the function, but the former (data-acquisition) has a common block structure. The
following 1s the common block diagram. The components shown in orange in the figure are the functions
implemented in all firmware. The 1local bus that controls each local module i1s controlled by the local
bus controller (BCT), which is connected to SiTCP's RBCP (UDP). EFMP and SDS are local modules

implemented in all version.3 firmware, and their functions are as described above.

The white squares in the figure represent the parts related to data acquisition. They are called a
measurement block, such as TDC and scaler. These features are mainly implemented in the block labeled
as Usercircuit. The data from these usercircuits is collected in the event builder block via the builder
bus, attached with event headers, and then transferred to the PC via SiTCP. The Receiver block, trigger
manager, and JO interface are the blocks involved in trigger I / O. HUL is designed to receive trigger
and event tag information sent by Master Triger Module (MIM: GNN-570). The receiver block is activated
when the HRM mezzanine card is installed, and gains the role of receiving the trigger from the upstream
circuit. This block i1s also connected to the builder bus to transfer the received trigger information
to the PC when the trigger is received. When using the receiver block, HUL is most likely the JO bus
master in the VME crate. The JO interface sends the trigger and tag information received by the
receiver block to the JO bus if the HUL is the JO bus master. In the case of HUL being a JO slave, the
trigger information coming from the JO bus is passed to the trigger manager. To make HUL a general-
purpose module, it supports trigger input from the NIM port in the absence of MIM. The trigger manager

1s responsible for trigger distribution inside the firmware, and the trigger input source may be
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selected from the HRM mezzanine (receiver block), NIM input, and JO bus input. The LEVEL2, Fast clear,

and TAG information sent by the Trigger manager is used internally by the event builder to generate

event header information and determine the data transmission to PC.
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Figure 1: Block diagram of data-acquisition-type firmware

4.3 Commons to all HUL firmware

hul_software package manages the addresses of BCT, FMP, and SDS, the common parts of the firmware, in

the file

common/src/RegisterMapCommon.hh

4.3.1 Reset sequence

From the update of December 19, 2017, the reset sequence of all firmware has been standardized. In the

previous firmware, there was no way of resetting other than turning off the power, when the BCT hangs.

In MH-TDC, some FIFOs were not reset even 1f BCT reset was applied, and the DAQ hang state was not

cleared. Therefore, a few reset levels have been introduced to deal with the problem.
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Reset procedures (from milder to harder)

e BCT reset: Writing BCT Reset command in the designated address with RBCP. User modules under BCT
control are reset in the firmware signal. Normally used.

e SiTCP reset: Calling Reset siTcP defined in sitcp controller.cc . Will be reset even if the
BCT 1s hung or deadlocked.

e Hard reset: Pressing SW3 on the board. All circuits including SiTCP are reset. Most enforceable

reset procedure of all.

Use BCT reset normally, and if BCT deadlocks by a mis-operation, use SiTCP reset. If SiTCP hangs as
well, use Hard reset.

4.3.2 Network speed supported

The currently released firmware, Si1TCP only works in the 1 GbE mode. SiTCP supports both 100 Mbps and 1
GbE modes and can be configured to automatically switch. However, the existing firmware disables the
automatic switching function for the convenience of the PHY chip being used. 100 Mbps mode will never
be implemented, because there would be no needs for it anymore. Do not connect to a 100Mbps-only
network switch. SiTCP will not communicate.

4.3.3 Bus controller (BCT)

Bus controller (BCT) has the functions of issuing a BCT reset, acquiring a version numer, and
reconfiguring the FPGA, in addition to the usual functions to access the local modules. The special

functions are available by executing the following operations to the listed RBCP address.

RBCP address for special functions of BCT (Module ID: 0xE)

Register address operation bit width memo

Asserting module reset signal to all modules except
Reset 0xE000'0000 W -

SiTCP.
) Returns Firmware ID and version number. Needs to read
Version 0xE010'0000 R 32
4 bytes.
Sends Low to PROG_ B ON to re-configure FPGA. SiTCP
Reconfig 0xE020"0000 W - connection will be immediately closed, and may be

reconnected in a few seconds.

4.3.4 Flash Memory Programmer (FMP)

FMP sends SPI commands from the PC and execute supported functions by the memory chip, such as read /
write page data. Such SPI commands include erase, write and read memory. The same operations which
Vivado does to the memory (erase, write, and verify) has now become available over the network by FMP.
There 1s a known bug in FMP: the next page write request 1s accepted before the precious command
finishes. Currently, the software simply waits a sufficient amount of time before sending the next page
write command, but this 1s not a very good solution. Eventually, the FMP module may be corrected.
Because of this wait time, it takes longer time to write than the network speed anticipates. If write-
failures occur frequently, please contact the author of this document. The RBCP address is listed
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below; it is not recommended to control FMP from anything other than FlashMemoryProgrammer.cc included
in the hul_software package. If the write-lock bit is accidentally set, that memory block may never be

writitten again.

RBCP address of FMP (Module ID: 0xD)

Register address  operation bit width memo

Obtain the status bit of FMP module.
Status 0xD0O00 " 0000 R 8 Currently, the lowest bit is assigned to SPI command
cycle busy.

Mode change of SPI sequence.
bit 1-2: SPI sequence mode
e 0x0: Read mode

e Ox1: Write mode
Status 0xD000 " 0000 R/W 8 e 0x2: Instruction mode

bit 3: Dummy mode
Sets chip select to be OFF, making the flash memory
immune to the SPI sequence.

Register 0xD020"0000 R/W 64 SPI command
InstLength 0xD030'0000 R/W 3 SPI command length
ReadLength 0xD040'0000 R/W 10 page read length
WriteLength  0xD050'0000 R/W 10 page write length
read count for FIFO where the page-read data are
ReadCountFIFO 0xD060'0000 R 10
stored.
ReadFIFO 0xDO70"0000 R 8 8-bit (byte) wide readout from the read FIFO.
) write count for FIFO where the page-write data are
WriteCountFIFO0xD0O80 ' 0000 R 10
stored.
WriteFIFO 0xD090 ' 0000 W 8 8-bit (byte) wide writein to the write FIFO.
Execute 0xD100'0000 W - execute the SPI sequence.

4.3.5 Self Diagnosis System (SDS)

SDS 1s a self-diagnosis program. Soft Error Mitigation (SEM) and XADC, IP cores of Xilinx FPGA, are
implemented and monitored. SEM is an IP core that detects, corrects, and classifies single event upsets
(SEUs). SDS detects the number of errors corrected and the occurrence of un-correctable errors. If the
system falls into an uncorrectable state, reconfiguring the FPGA from the flash memory or performing a
power cycle 1s necessary. Also, 1t 1s possible to intentionally inject SEU, but it will be an advanced
use of SDS; please check how to use SEM in the Xilinx User Guide.

XADC 1s the collections of built-in ADCs in Xilinx FPGA HUL obtains FPGA temperature, VCCINT, VCCAUX,
VCCBRAM voltages via XADC.

SEM has an unresolved issue. The incorrectable error staus may become 1 after the power is turned on in
some FPGAs. The cause i1s not clear, but in such cases, reset the SEM once by executing reset sem 1In

the hul_software package after turning on the power.
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RBCP address of SDS (Module ID: 0xC)

SdsStatus 0xC000 " 0000 R 8 Obtain the status bit of SDS module.

Select DRP mode of XADC.
e 0x0: Read mode

XadcDrpMode — 0xCO10'0000 R/W 1

e Ox1: Write mode
XadcDrpAddr — 0xC020'0000 R/W 7 Supply DRP address of XADC.
XadcDrpDin 0xC030' 0000 R/W 16 Supply DRP data for input to XADC.

16 Obtain DRP data from XADC.
- Execute DRP access to XADC.

XadcDrpDout — 0xC040'0000
XadcExecute  0xCOFO0'0000

SemCorCount  0xC100"0000
SemRs tCorCount 0xC200 "' 0000
SemErroAddr — 0xC300'0000
SemErroStrobe 0xC400'0000

16 Number of corrections to SEU by SEM.

- Reset SemCorCount .

40 Supply address to “inject_address” port of SEM.

=== ==

- Send a pulse to “inject_strobe’ port of SEM.

Contents of SdsStatus

Indicates that the FPGA temperature has exceeded 125 °C. Turn off the

1 Over temp power of HUL immediately to cool down, because there is a serious lack
of cooling.
Indicates that the FPGA temperature has exceeded 85 °C. The cooling
2 Temp alarm : ) . . o
capacity is most likely insufficient.
It indicates that the voltage of VCCINT has exceeded the normal range
3 VCCINT alarm i )
(0.97-1.03V). Some trouble is occurring on the board.
4 Reserved

Indicates that the SEM heartbeat signal i1s absent. Some trouble 1is
5 Watchdog alarm ] ]
occurring in the SEM.

Uncorrectable Indicates that the SEM has detected an uncorrectable radiation error.

6

error FPGA needs to be reconfigured.
7 Reserved
8 Reserved

4.4 HUL Skeleton

This project is the minimum configuration of firmware that implements SiTCP but does almost nothing.

Please use it as a sample when making firmware for HUL. There are only two functions, one is to take OR
of the input signals and output it to NIM, and the other is to illuminate the LED with SiTCP or DIP.
For the input signals, the fixed inputs (main input ports) and mezzanine inputs (assuming DCR vl or v2)
are grouped in 32 channels of one connector and their OR signal appears in the four NIM OUTs. Skeleton
1s misspelled in the VHDL source, but left as it 1s, because a correction influences in a wide range of

codes.
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An example for using the NIM-Ex mezzanine card is included under sources 1 / example design / . Please

refer to the toplevel.vhd enclosed.

Firmware ID and the current version

When Version is read from BCT, a 32-bit register is returned. Of these, the upper 16 bits are the
Firmware ID, and the lower 16 bits are the version numbers (major version 8bit + minor version 8bit).
The current HUL Skeleton ID and versions are as follows:

Firmware ID 0x0000

Major version 0x03

Minor version 0x02

In the following, versions are written in a format like v3.2.

Version history

Version Release date Modifications

- - There 1s no versions up to v2.x

v3.2 2021.08.01 Updated to Version.3

4.4.1 Register map

RBCP address of LED (Module ID: 0x0)

LED assignment
LED1-3 reflects LED register or bit 2-4 of SW2. LED4 is connected to "Over temp" flag of SDS.

4.5 HUL RM

By mounting the Mezzanine HRM, the HUL RM can be a JO bus master and can operate as a DAQ module that
reads the data received by the HRM. It is the basis of the MH-TDC and scaler firmware, and should be

used as a starting point when developing a new DAQ type firmware.

Since the response to the trigger input i1s based on this firmware, here we will explain in detail the

trigger system and the response of the event builder to it.

Firmware ID and the current version

Firmware ID 0x0415

Major version 0x03

Minor version 0x02
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Version history

Version Release date Modifications
v1.0 2016.12.23  Initial release
vl.l 2017.01.15 RVM data header changed from 0x9C to OxF9.

Vivado update 2016.2 => 2016.4 TRM middle buffer changed from disperse RAM
to BRAM. The depth changed from 128 to 256. Prog Full threshold introduced.

vl.2 2017.01.27  The reason for the depth of 256 is to be below SCR block depth. RVM middle
buffer depth is also changed to 256. Functionality seen from the outside of
the module stays the same.

Solved the problem that the initial register of IOM was not set correctly.

vl.3 2017.03.22  Solved the problem that the number of words written in header 2 became O in

the first event after turning on the power.
vl.4 2017.05.09  Solved the problem of not responding to Clear (BUSY stays standing).

L5 Solved the problem that HRM hangs when Clear is entered. (Replaced by v1.6

vl.

without release.)

Fixed an issue where DAQ would hang if a hard reset was entered within ~2 us
vl.6 2017.08.22  after the trigger. A new register for each block to select its response to

the hard reset. Added new local address.

Standardlized reset sequence. Bit 24 of Header3 is now indicating whether
vl.7 2017.12.19 : :

HRM exists (to be exact, whether DIP2 is ON).

Solved the bug that the event tag coming from the JO bus was latched too
vl.8 2018.02.02 i )

early and the event number on the HRM side deviated by 1.
v2.X - un released

Added FMP and SDS. Installed Builder bus. Changed the structure of Local
v3.2 2021.08.01 b

us.

Overview of module function

HUL RM data acquisition block diagram is shown below. The modules which do not relate to data
acquisision are omitted. The function of HUL RM is the processing of information received and decoded
by Mezzanine HRM. Therefore, the function is implemented only in mezzanine slot U. The information
received by Mezzanine HRM is distributed in three routes. The first i1s the Receiver Module (RVM), which
stores lock bit, spill number increment, spill number (full 8bit), and event number (full 12bit)
information and passes them to the EVent Builder (EVB). Data is passed to the Event builder via the
builder bus, so the RV information is contained in the data body. That is, the RVM is part of the
measurement block for the EVB. The second route is the distribution of trigger information to the JO
bus. At this stage, the event number is reduced to 3-bit and the spill number is reduced to 1-bit. The
third 1s the input to TRigger Manager (TRM).

The HUL firmware has a module called trigger manager (TRM) that manages the internal trigger
distribution. TRM receives trigger signals from three ports, trig Ext (NIM IN), JO bus (if slave), and

HRM (if any), and the register sets which port to receive the trigger.
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TRM distributes levell trigger, level2 trigger, clear, and event number (3-bit) and spill number (1-

bit) information to each measurement block and EVB. For EVB, these are not DAQ data, so the tags from

TRM are embedded within the event hearder. The event number and spill number distributed by TRM have

been reduced to 3-bit and 1-bit, because this information must be independent to whether HUL is a

master or a slave to the JO bus. If Tag is not received, both event number and spill number will be O.

1/0 Manager (IOM) i1s a module that controls which FPGA internal signal is assigned to the NIM input /

output ports.

There three types of busy signals. First i1s the module busy, whici is a logical sum of internal blocks

in firmware. Second is the JO bus busy received from the JO bus; this is a logical sum of busy signals

from HUL, which are slave to the JO bus. Last is the crate busy; this is a logical sum of the module

busy, the JO bus busy, and the external busy received from NIM-IN. We use the JO busy and the crate

busy, when HUL is a master to the JO bus.

*Receive trigger

{ FixedsignU
i (Not in use)

! Fixed sigin D :
i (Not in use) 1

/ *Deserialize TAG

Receiver

RVM)

Builder bus

Provide
LEVEL2/CLEAR
signal for N-th event

Trig JO
(When being master)

S P S S S N S S S S S N S Gy S S W p—_—

Trig Ext

Figure 2: HUL RM firmware block diagram
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4.5.1 Register map of HUL RM

The following is a map dedicated to HUL RM. Even if a module or register with the same name exists in
other firmware, it does not necessarily have the same address. Be sure to set according to this map (or

RegisterMap.hh and namespace of the distributed software).

Register Address  Operation  bit width description
Trigger Manager: TRM (module ID = 0x00)
SelectTrigger 0x0000'0000 R/W 12 Selects trigger port in TRM
DAQ Controller: DCT (module ID = 0x01)
DaqGate 0x1000"' 0000 R/W 1 ON/OFF of DAQ gate. TRM disables trigger out if zero.

Write to this address asserts a soft reset to EVB,
EvbReset 0x1010"0000 W - and self event counter in Event builder becomes zero.

(Don't care about the register value.)
10 Manager: IOM (module ID = 0x02)

NimOutl 0x2000'0000 R/W 4 Determines what to send to NIMOUTI.

NimOut2 0x2010'0000 R/W 4 Determines what to send to NIMOUT2.

NimOut3 0x2020'0000 R/W 4 Determines what to send to NIMOUT3.

NimOut4 0x2030'0000 R/W 4 Determines what to send to NIMOUT4.

ExtL1 0x2040'0000 R/W 3 Determines which NIMIN is connected to ExtLI.
ExtL2 0x2050'0000 R/W 3 Determines which NIMIN is connected to ExtL2.
ExtClr 0x2060"'0000 R/W 3 Determines which NIMIN is connected to Ext clear.
ExtBusy 0x2070" 0000 R/W 3 Determines which NIMIN is connected to Ext busy.
ExtRsv2 0x2080' 0000 R/W 3 Determines which NIMIN is connected to Ext rsv2.
Trigger Manager (TRM)

TRM decides which 1nput port signal to be used as a trigger, and sends L1, L2, and Clear signals to the
FPGA. Also, Tag signal is repeated, if received, for a redistribution in FPGA. Which port signal is
selected is set by the 12-bit register selectTrigger . The relationship between the trigger signal
path and selectTrigger 1s summarized in Ficure. Which port receives the L1 trigger is determined by
the 3 bits. Please note that if two or more bits are set, the trigger will come out in OR. Once the LI
route 1s determined, 1t will be ANDed with the DAQ gate (DAQ controller management) and distributed as
the L1 trigger. The selection of L2 trigger and Clear is also performed with the 3 bits, but these are
affected by EnL2 bit after routing. If EnL2 is O, L2 contains a copy of L1 and Clear is always O. In a
simple system without MIM-RM, set EnlL2 to 0. L2 is distributed as L2 trigger after ANDed with the DAQ
gate. Tag information source 1s selected between JO or HRM using EnJO and EnRM bits, respectively. If

both are set to 1, Tag will not be issued.
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4.5.1 Register map of HUL RM

L2_J0

L2 RM  ———>

Clr_Ext ———
Clr_J0 —»

Clr RM ——»

Figure 3: Trigger route in TRM

A list of register values to be stored in

Tag RM ——»

RegllExt  :0Ox1
ReglL1JO 1 0x2
RegL1lRM  :0x4
DAQ gate ——| \
) Regl2Ext  :0x8
ReglL2J0 : 0x10
Regl2RM  : 0x20
0
1
) RegCIrExt  :0x40
RegClrJO : 0x80
RegCIrRM  : 0x100
0
0 ———»
1
Tag_JO ———»

TRM: :SelectTrigger

RegEnlL2

» L1_trigger

: 0x200

DAQ gate ——|
8 D—> L2_trigger

RegEnlL2

RegEnlJO
RegEnRM

: 0x200

Clear

: 0x400
: 0x800

Tag_from_TRM
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address. Since each bit 1s a switch for

the appropriate selector, this register 1s a 12-bit wide bit string instead of an integer value.

Exceptionally, only RegEnJo

is used outside of TRM. Only when RegEnJo

is high and DIP SW2 No. 2

(mezzanine HRM) is low, module busy is sent to JO bus. If you want to insert a module into the crate

but do not want to affect the JO bus, set this register

RegEnJo

to 0.

Register label

Register value

description

RegL1Ext 0x001 NIMIN provides L1 trigger.

Regl1J0 0x002 JO bus provides L1 trigger.

RegL1RM 0x004 Mezzanine HRM provides L1 trigger.

RegL2Ext 0x008 NIMIN provides L2 trigger.

Regl2J0 0x010 JO bus provides L2 trigger.

RegL2RM 0x020 Mezzanine HRM provides L2 trigger.

RegClrExt 0x040 NIMIN provides Clear.

RegClr]0 0x080 JO bus provides Clear.

RegClrRM 0x100 Mezzanine HRM provides Clear.

RegEnlL2 0x200 0: L2=L1 trigger- 1: L2=L2 input

RegEnl0 0x400 Tag information from JO bus. If this bit is 1, module busy is
sent to JO bus.

RegEnRM 0x800 Tag information from HRM.
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1/0 Manager (IOM)

IOM has the function of assigning the signal inside the FPGA to NIMIN or NIMOUT. For example, if

Reg o ModuleBusy is set to AddrNnimoutl, the BUSY signal will be output to NIM output 1 on the front
panel. If Reg 1 Niminl is set for AddrExtLl, NIM input No. 1 is assigned to the L1Ext line of TRM. The
register values that may be stored in the register address are summarized below. The syntax of
assignments are opposite between NIMOUTs and NIMINs; NIMOUTs has the address where the signal register
value is written in, whereas for inputs, signal has the address where NIMIN values is written in. The

register values are interpreted as integers, meaning exclusive with each other.

Signals available for NIMOUT

Module busy, meaning only the busy status of the module. JO

Reg_o_ModuleBusy pro bus busy or ExtBusy are not included.
CrateBusy, including the module busy, JO bus busy and
Reg o CrateBusy 01 ExtBusy. Usage of this signal assumes that HUL is Fhe bus
master, and HRM returns the same busy to master trigger
module (MIM).
Reg_o_RMLI 0x2 HRM L1 trigger as HRM has received.
Reg_o_RML2 0x3 L2 trigger as HRM has received.
Reg_o_RMClr 0x4 Clear as HRM has received.
Reg_o RMRsv1 0x5 Rserve 1 signal as HRM has received.
Reg_o RMSnInc 0x6 Spill Number Increment of HRM
Reg o DaqGate 0x7 DAQ gate in DCT
Reg_o_DIP8 0x8 ch 8 of DIP SW2
Reg_o_clkIMHz 0x9 1 MHz clock
Reg_o_clk100kHz 0xA 100 kHz clock
Reg_o_clkl0kHz 0xB 10 kHz clock
Reg o _clklkHz 0xC 1 kHz clock
NIMIN ports available
Reg 1 niminl 0x0 NIMINI
Reg_1_nimin2 0x1 NIMIN2
Reg_1_nimin3 0x2 NIMIN3
Reg_i_nimin4 0x3 NIMIN4
If this register value is set, the default assignment are
Reg_1_default 0x7 done for signal lines (see next table), including the

NIMOUTs.
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IOM default assignments as listed below.

NIMOUT1 Reg_o_ModuleBusy

NIMOUT2 reg_o_DaqGate

NIMOUT3 reg_o_clklkHz

NIMOUT4 reg_o_DIP8
 Signal  Register dofault
ExtL1 Reg 1 Niminl NIMINI
ExtL2 Reg_1_default 0
ExtLClear Reg_i_default 0

ExtLBusy Reg i_nimin3 NIMIN3
ExtLRsv2 Reg_i_nimind NIMIN4

4.5.2 DIP SW and LED on HUL RM

DIP SW2 functions

S1TCP force ON for SiTCP forced default (192.168.10.16). Must be set before

1
default power on.
) ON for Mezzanine HRM installed. The actual effect by this mode is

2 Mezzanine HRM ) ) )

described later. This bit status appears in data header3.

Forced high for Crate Busy and Module Busy. Used for connection
3 Force BUSY

check.
4 Bus BUSY ON to include JO bus busy to Crate Busy. OFF otherwise.
5 LED ON to turn on LED4.
6 Not in Use
7 Not in Use
8 Level Appears as IOM DIP8 signal.

The effect of Mezzanine HRM (DIP SW2 #2)

If this bit is ON, a few functions change with regard to Mezzanine HRM.

Event Builder includes RVM in the event packet.

If this bit is ON, the information in RVM is read by Event Builder and includes into the event packet.

Mezzanine base (U) signal direction change
If this bit is ON, a few signal lines to be LVDS output as required by Mezzanine HRM.
if this bit 1s OFF, all the slot lines will become LVDS inputs.

JO bus master mode to be ON
If this bit 1s ON, L1, L2, Clear, Tag information are sent to the JO bus, and the BUSY signal is

received from JO bus. To be a JO bus master, it is also necessary to turn all DIP SW1 ON.
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JO bus slave mode to be OFF
If this bit 1s OFF, L1, L2, Clear, Tag will not be accepted from JO bus.

Below is the relation between JO bus signals and the trigger signals.

JO bus Trigger signal
S1 RM Clear
S2 RM_Level2
S3 RM_Spi11Number(0)
S4 RM_Levell
S5 RM_EventNumber(0)
S6 RM_EventNumber(1)
S7 RM_EventNumber(2)

LED indication

LED number description
LED1 Light when TCP connection is open.
LED2 Light when module busy is high.
LED3 Light when DIP SW2 #2 (Mezzanine HRM) 1s ON.
LED4 Light when DIP SW2 #5 (LED) is ON.

4.5.3 DAQ behavior of HUL RM

This section describes data flow and DAQ behavior. The DAQ function consists of each measurement module
(hereinafter referred to as the measurement block) and the Event Builder module. The data flow is shown
in Figure. When the trigger is received, each measurement block processes the data according to the
determined operation and saves 1t in the block buffer. The measurement block has an internal block
buffer that can temporarily store multi-events. Event Builder reads the data from each measurement
block and continues to build events unless the event buffer is full. Therefore, the DAQ function
operates synchronously with the trigger until the data is written to the block buffer; the subsequent
processing does not depend on the external signals nor states and continues to build and transfer the
data as long as the data link speed allows. For HUL RM, the measurement blocks are only RVM and TRM.
Strictly speaking, TRM is not a measurement block because the TRM information is not included in the
data body but in the header. The only event-built information is RVM data, and the TRM information is
used to control data transfer. The TRM stores whether the L2 trigger or Clear was sent in the Nth
event, and this information is used by the Event Builder to decide whether to send this event packet to
S1TCP or just drop i1t. Therefore, HUL's DAQ function does not have a fast clear nor clear BUSY
functions. All events raised by the L1 trigger are digitized and built once. However, the self-event

number assigned by Event Builder is not incremented unless it is forwarded.

RVM latches the information shown in Figure at the timing of L2 trigger and saves it in the block
buffer.

-28/100 - Open-It HUL project



4.5.3 DAQ behavior of HUL RM Page 29

e spill number

* event number

*  spill number increment
* lock bit

|
:
|
|
|
|
|
I

RVM
S e e |
* L2 trigger I
* Clear :
* Tag |
|
|

Trigger

. . information
If clear is received,

Data are discarded.

If L2 is received,
data are transferred.

Figure 4: DAQ data flow of HUL RM firmware

The timing when Module Busy is asserted

The definition of Module BUSY in HUL RM is the OR of the BUSY signals listed below. Block full and
SiTCP full occurs only when network forwarding can not keep up, so usually BUSY is a fixed length of
160 ns. Currently, Self-busy, set to 160 ns, is rather long, and it may be shortened in the future.

BUSY type BUSY length memo

Asserted with a fixed length since the L1 trigger 1is

Self busy 160 ns detected
etected.

BUSY is output when the block buffer is full. It is asserted
when the L1 trigger rate exceeds the data processing speed

Block full - of the subsequent circuit. In other words, it means that TCP
transfer cannot catch up, so it is practically equivalent to
SiTCP full.

Asserted when the TCP buffer of SiTCP is Full, meaning that
SiTCP full - the amount of data which the Event Builder is trying to send

is too large for the network bandwidth.
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Data structure

In HUL, 32-bit is one word, and the three-word header and variable-length data body are one event
block.

Header word

Headerl (Magic word)
MSB LSB
| OXFFFFO415 |

Header2 (event size)
| OxFF | 0x00 | "00000" | Number of word (11-bit)

"Number of word" indicates the number of words contained in the data body, not including the header.

Header3 (event number)
| OXFF | HRM exist | "@@@" | Tag (4-bit) | Self counter (16-bit) |

If HRM exist is 1, ch2 of DIP SW2 is on, meaning HRM was installed. This means that data body has a
RVM word. Tag " is the 4-bit Tag information from TRM. The lower 3 bits are the lower 3 bits of the RM
Event Number, and the 4th bit is the least significant bit of the RM spill number. "Self counter" is a
local event number that is incremented each time an event is forwarded. Starts with 0.

Data body

RVM word
| exF9 | "ee" | Lock | SNI | Spill Num (8-bit) | Event Num (12-bit) |

Lock means the RM lock bit, must be 1. SN/ means Spill Number Increment, which becomes 1 at the change
of the Spill Number (not tested if it is true). Spill Num is the spill number, and Event Num is the
event number, received by HRM, respectively.

4.6 HUL Scaler

HUL Scaler is a firmware that adds a scaler function to HUL RM. The implemented scaler is a 28-bit
synchronization counter that samples at 300 MHz. Since the HUL Scaler has many functions in common with
the HUL RM, only the differences will be mentioned. Firmware ID and current version

1D Ox4cal

Major version 0x03

Minor version 0x03

Version history

Exactly same with HRM, except the current version is v3.3.

Overview of Module functions
HUL Scaler i1s implemented for Mezzanine slot D and on-board input ports, in addition to Mezzanine slot

U configured for HRM. DCR vl (v2) is assumed to be installed in the Mezzanine slot(s), implementing
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scalers up to 128 channels. It 1s also possible to mount HRM (instead of DCR) on Mezzanine slot U to
become a JO bus master like HUL RM firmware. In this case, the Ch 0-31 assigned to slot U is deleted

from the data.

The Scaler consists of a 300 MHz, 28-bit long counter that latches the counter at the timing of the L1
trigger and writes it to the buffer. The HUL scaler has two new internal signals connected to the IOM:
one is the spill gate, which enables the scalers only while this signal is high. The other is counter

reset, which resets all counts to zero when it becomes high. Enable/Disable NIM input counter reset is

set with enable_hdrst (in v1.6 and later). Other features are common to HUL RM.

[
|
| In FPGA .
ar ] [ :
S —
Mezzanine DCR : :
|
(Slot U) : N p s _:_) Ethernet
| 5
Mezzanine DCR I 5 !
(Slot D) ! = |
[ A :
! Provide :
g : LEVEL2/CLEAR |
Main in U ; <« signal for N-th event :
l I
.. ! l
Main in D : |
: I Trig JO :
| 18 I
: Trig RM (When being master) :
= |
i I JO Bus
NIM IN g S :
: Trig JO |
| (When being slave) :
|
| |
—|—>| Trig Ext Spill gate :
| counter reset |
NIM OUT S s — :
|

Figure 5: Structure of HUL Scaler firmware

-31/100 - Open-It HUL project



4.6.1 Register map for HUL Scaler

4.6.1 Register map for HUL Scaler

The following is a map dedicated to HUL Scaler. The difference in the signal and address from HUL RM is

Page 32

marked as red . Signal names and the address are defined in RegisterMap.hh and namespace in the

software package.

Register

Address

Operation

bit width

Description

Trigger Manager: TRM (module ID = 0x00)

SelectTrigger 0x0000'0000

R/W

12

Selects trigger port in TRM

DAQ Controller: DCT (module ID = 0x01)

ON/OFF of DAQ gate. TRM disables trigger out if

DaqGate 0x1000"0000 R/W 1

Z€r10.

Write to this address asserts a soft reset to EVB,
EvbReset 0x1010"0000 W - and self event counter in Event builder becomes

zero. (Don't care about the register value.)

10 Manager: SCR (module ID = 0x02)

CounterReset 0x2000'0000 W - Asserts Software counter reset
Enable/Disable the input blocks. High for enable.
The bit corresponds to:
EnableBlock  0x2010'0000  R/W y o Ditl: On-board U
bit2: On-board D
bit3: Mezzanine U
bit4: Mezzanine D
Enable/Disable the NIM input hardware counter reset
for input blocks. High for enable. The bit
corresponds to:
EnableHdrst  0x2020'0000 R/W 4 bitl: On-board U
bit2: On-board D
bit3: Mezzanine U
bit4: Mezzanine D
10 Manager: IOM (module ID = 0x03)
NimOut1 0x3000"0000 R/W 4 Determines what to send to NIMOUTI.
NimOut2 0x3010"0000 R/W 4 Determines what to send to NIMOUT2.
NimOut3 0x3020"'0000 R/W 4 Determines what to send to NIMOUT3.
NimOut4 0x3030'0000 R/W 4 Determines what to send to NIMOUT4.
ExtL1 0x3040'0000 R/W 3 Determines which NIMIN is connected to ExtLl.
ExtL2 0x3050"'0000 R/W 3 Determines which NIMIN is connected to ExtL2.
ExtClr 0x3060 ' 0000 R/W 3 Determines which NIMIN is connected to Ext clear.
) Determines which NIMIN is connected to ext spill
ExtSpillGate 0x3070'0000 R/W 3
gate.
Ex tCCRs 0x3080' 0000 RIW 3 Determines which NIMIN is connected to ext counter
reset
ExtBusy 0x3090"0000 R/W 3 Determines which NIMIN is connected to Ext busy.
ExtRsv2 0x30A0"0000 R/W 3 Determines which NIMIN is connected to Ext rsv2.
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4.6.2 Function of each block on HUL Scaler

Trigger Manager (TRM)
Same with HUL RM.

Scaler (SCR)

The scaler is the main function of the HUL Scaler. Each scaler unit synchronizes the input signal at
300 MHz, then performs edge detection and increments the counter by one at that edge timing. The
minimum width of the input pulse is 3.5 ~ 4.0 ns, and the minimum separation between two pulses is
about the same. The counter 1s 28-bit long and returns to O after going around. The scaler is divided
into 4 blocks of 32ch, and they are enable/disabled in the EnableBlock register. If the corresponding
bit 1s high/low, the entire block (32ch) 1s enabled/disabled. The scaler 1s reset to zero by the hard
reset ExtCounterReset (controlled by NIMIN, IOM) or the soft reset counterrReset 18 asserted. The
hard reset is enabled/disabled by the block with Enablendrst . If this bit is 1, the counter will be 0
at the timing of the hard reset. The operation is undefined when a reset is entered within 100 ns of
the trigger. The data may be returned, but contain unintended values.
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The entire scalers are enabled/disabled by Extspilicate (NIMIN, controlled by IOM). The scaler 1is
only incremented when the spill gate is high. The Spill gate is 1 by default, and may be assigned to an
NIM input port. I/O Manager (IOM)

IOM is the same with HUL RM, with additional NIM inputs ExtspillGate and ExtccRst . No change
NIMOUTS .

Signals available for NIMOUT

Module busy, meaning only the busy status of the module. JO

Reg_o_Modul eBusy po bus busy or ExtBusy are not included.
CrateBusy, including the module busy, JO bus busy and

Reg o CrateBusy 0x1 ExtBusy. Usage of this signal assumes that HUL is Fhe bus
master, and HRM returns the same busy to master trigger
module (MIM).

Reg_o_RMLI 0x2 HRM L1 trigger as HRM has received.

Reg_o_RML2 0x3 HRM L2 trigger as HRM has received.

Reg_o _RMCIr 0x4 HRM Clear as HRM has received.

Reg_o_RMRsvl 0x5 HRM Reserve 1 as HRM has received.

Reg_o_RMSnInc 0x6 HRM outputs Spill Number Increment

Reg_o_DagGate 0x7 DAQ gate of DCT

Reg_o_DIP8 0x8 ch 8 of DIP SW2

Reg_o_clkIMHz 0x9 1 MHz clock

Reg_o_clk100kHz 0xA 100 kHz clock

Reg_o_clkl10kHz 0xB 10 kHz clock

Reg_o_clklkHz 0xC 1 kHz clock
NIMIN ports available

Reg_i_niminl 0x0 NIMINI

Reg i _nimin2 Ox1 NIMIN2

Reg_i_nimin3 0x2 NIMIN3

Reg_1_nimin4 0x3 NIMIN4

Reg i_default 0x7 If this register 1s set, the default assignment are done for

signal lines (see next table).

IOM default assignments as listed below.
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NIM output ports

Register

NIMOUT1 Reg_o_ModuleBusy
NIMOUT2 reg_o_DaqGate
NIMOUT3 reg_o_clklkHz
NIMOUT4 reg_o_DIP8

Signal Register default
ExtL1 Reg_i_Niminl NIMINI
ExtL2 Reg_i_default 0
ExtLClear Reg i_default 0
ExtSpillGate Reg_1_default 1
ExtCounterReset Reg_1_nimin2 NIMIN2
ExtLBusy Reg_i_nimin3 NIMIN3
ExtLRsv2 Reg_i_nimin4 NIMIN4

4.6.3 Switch and LED on HUL Scaler

DIP SW2
The same with HUL RM.

LED
The same with HUL RM.

4.6.4 DAQ behavior of HUL Scaler

The data flow is shown in Figure. If HRM is installed and DIP SW2 ch2 (mezzanine HRM) is ON, RVM and
SCR contributes to the event; otherwise, only SCR contributes. The number of word of header2 contains
the total of SCR and RVM data.
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Figure 6: DAQ data path of HUL Scaler firmware

Module Busy timing
HUL Scaler has the same definition of module BUSY with HUL RM, except the time length i1s different (HUL
Scaler: 210 ns, HUL RM: 160 ns) due to the difference of the system clock frequency.

Data structure
Header word

Headerl (Magic word)
MSB LSB
| OXFFFFACAL |

Header2 (event size)
| OxFF | 0x00 | "00000" | Number of word (11-bit) |

"Number of word" indicates the number of words contained in the data body, not including the header.

Header3 (event number)
| OxFF | HRM exist | "@@@" | Tag (4-bit) | Self counter (16-bit) |

If HRM exist is 1, ch2 of DIP SW2 is on, meaning HRM was installed. This means that data body has a
RVM word. Tag is the 4-bit Tag information from TRM. The lower 3 bits are the lower 3 bits of the RM
Event Number, and the 4th bit is the least significant bit of the RM spill number. Selfcounter is a

local event number that is incremented each time an event is forwarded. Starts with 0.

Data body

RVM word
| exF9 | "ee" | Lock | SNI | Spill Num (8-bit) | Event Num (12-bit)
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Lock means the RM lock bit, must be 1. SNI means Spill Number Increment, which becomes 1 at the change
of the Spill Number (not tested if it is true). Spill Num is the spill number, and Event Num is the
event number, received by HRM, respectively.

SCR word
| SCR block (4-bit) | Counter (28-bit) |

SCR Block indicates which input block the word belongs to. There is no field to indicate the channel in

the SCR words; they are aligned from lower to higher channel numbers in the input block.

SCR block bits Input block
0x8& Main input port U
0x9 Main input port D
0xA Mezzanine U
0xB Mezzanine D

4.7 HUL MH-TDC

HUL MH-TDC is a firmware that adds a multi-hit TDC function to HUL RM. Since the HUL MH-TDC has many
functions in common with the HUL RM, only the differences will be mentioned.

Firmware ID and current version

1D 0x30CC

Major version 0x03

Minor version 0x04
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Version history Similar to HUL RM version history. Marked red if different.

Version Release date Modifications

v1.0 2016.12.23  Initial release

vl.l 2017.01.15 RVM data header changed from 0x9C to OxF9.
VivadoE# 2016.2 => 2016.4. Block buffer changed from BuildIn FIFO to BRAM
with depth 4096. EventBuffer depth changed from 2048 to 4096, and pgfull to

vl 2017.01.27 be 4058. TDC block channel buffer changed from dispersive RAM to BRAM. TRM
middle buffer changed from disperse RAM to BRAM. The depth changed from 128
to 256. Prog Full threshold introduced. RVM middle buffer depth is also
changed to 256 (128?).

vl.4 2017.05.09  Solved the problem of not responding to Clear (BUSY stays standing).

V1.5 ) Solved the problem that HRM hangs when Clear is entered. (Replaced by v1.6
without release.)

V1.6 ) Addressed the issue that the event ID shifts when max multihit (16 hit / ch)
1s reached once. (un-released)

vl.7 2017.08.22  Bug fix of event sequence in FPGA
Standardlized reset sequence. Bit 24 of Header3 is now indicating whether

1.8 2017.12.19 HRM exists (to be exact, whether DIP2 1s ON). Bug fix of rare broken data in
high count-rate. Number of words in Header2 changed the width from 11-bit to
12-bit.
>Solved the bug that the event tag coming from the JO bus was latched too
early and the event number on the HRM side deviated by 1. Solved the bug

vl.9 2018.02.02 . . .
that data comes back out side of the search window (common to Mezzanine HR-
DC).

v2.X - un-released
Added FMP and SDS. Installed Builder bus. Changed the structure of Local

v3.4 2021.08.01

bus.

Overview of Module functions

HUL MH-TDC is implemented for Mezzanine slot D and on-board input ports, in addition to Mezzanine slot

U configured for HRM. DCR vl (v2) is assumed to be installed in the Mezzanine slot(s), implementing TDC

up to 128 channels. It is also possible to mount HRM (instead of DCR) on Mezzanine slot U to become a
JO bus master like HUL RM firmware. In this case, the Ch 0-31 assigned to slot U is deleted from the

data.

The MH-TDC implements a 300 MHz 4-phase clock TDC with a 1-bit precision of 0.83 ns. Both leading and
trailing edges can be detected, the length of time that can be traced back from the trigger is 13.7 us,

and the timing resolution is 300 ps (O).
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4.7.1 Register map of HUL MH-TDC

The following is a map dedicated to HUL MH-TDC. The difference in the signal and address from HUL RM is
marked as red . Signal names and the address are defined in RegisterMap.hh and namespace in the

software package.

Register

Address

Operation

bit width

Description

Trigger Manager: TRM (module ID = 0x00)

SelectTrigger 0x0000'0000

R/W

12

Selects trigger port in TRM

DAQ Controller: DCT (module ID = 0x01)

DaqGate 0x1000"' 0000 R/W 1 On/Off od the DAQ gate.
Write to this address asserts a soft reset to EVB,
EvbReset 0x1010"0000 W - and self event counter in Event builder becomes zero.
(Don't care about the register value.)
10 Manager: TDC (module ID = 0x02)
Enable/Disable the input blocks. High for enable. The
bit corresponds to:
EnableBlock  0x2000'0000 R/W 4 st b%t :Ma%n %nput port U
2nd bit : Main input port D
3rd bit : Mezzanine U
4th bit : Mezzanine D
PtrOfs 0x2010"0000 R/W 11 Internal use. Do not touch.
The upper limit of the time window to search for hits
WindowMax 0x2020"0000 R/W 11 from the Ring buffer. 1bit is equivalent to 6.6660..
ns. Detail is described later.
The lower limit of the time window to search for hits
WindowMin 0x2030"0000 R/W 11 from the Ring buffer. 1bit 1s equivalent to 6.666..
ns. Detail is described later.
10 Manager: IOM (module ID = 0x03)
NimOut1 0x3000"'0000 R/W 4 Determines what to send to NIMOUTI.
NimOut2 0x3010"0000 R/W 4 Determines what to send to NIMOUT2.
NimOut3 0x3020'0000 R/W 4 Determines what to send to NIMOUT3.
NimOut4 0x3030'0000 R/W 4 Determines what to send to NIMOUT4.
ExtL1 0x3040'0000 R/W 3 Determines which NIMIN is connected to ExtLI.
ExtL2 0x3050'0000 R/W 3 Determines which NIMIN is connected to ExtL2.
ExtClr 0x3060"'0000 R/W 3 Determines which NIMIN is connected to Ext clear.
ExtBusy 0x3070"0000 R/W 3 Determines which NIMIN is connected to Ext busy.
ExtRsv2 0x3080'0000 R/W 3 Determines which NIMIN is connected to Ext rsv2.

4.7.2 Function of each block on HUL MH-TDC

Trigger Manager (TRM)
Same with HUL RM.
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Multi-Hit TDC (MH-TDC)

This is the main function of this firmware. This MH-TDC uses a 4-phase clock to create a pseudo 1.2
GHz. The multi-hit TDC block shown in Ficure contains three components: the TDC unit, the ring buffer,
and the channel buffer. The TDC unit measures time at pseudo 1.2 GHz and performs hit detection. The
TDC unit has a time resolution of 300 ps (0) and a minimum detectable pulse width of approximately 4
ns. The detected hit information is saved in the ring buffer. The length of the ring buffer is 13.7 us,
and the write / read pointer of the ring buffer corresponds to the course count. The Ring buffer is
driven by a 150 MHz clock, so the course count is 6.666 ... ns accurate.

When a L1 trigger is detected, ring buffer read out starts. The range to search for hits is set by
WindowMax and WindowMin registers. These registers are 11-bit integer with the course count
resolution for 1-bit. The Hits which do not fall within the range will not be written to the channel
buffer. BUSY is asserted while searching for hit information from the Ring buffer.

The maximum number of hits allowed for Ich / event is 16 hits, when transferred from channel buffer to
block buffer in reverse time order. Any hits more than that will be discarded and the overflow bit will

be set.

Multi-hit TDC specfication
TDC resolution 0.833... ns
coarse count resolution 6.66... ns
Ring buffer length 13.8 us
timing resolution 300 ps (O) *measured
minimum pulse width ~4 ns
double hit resolution ~T ns
maximum hits/ch/event 16
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1/0 Manager (IOM) IOM is the same with HUL RM.

Signals available for NIMOUT

Module busy, meaning only the busy status of the module. JO

Reg_o_Modul eBusy Gx0 bus busy or ExtBusy are not included.
CrateBusy, including the module busy, JO bus busy and ExtBusy.
Reg o CrateBusy Ox1 Usage of this signal assumes that HUL is the bus master, and
HRM returns the same busy to master trigger module (MIM).
Reg o RMLI 0x2 HRM L1 trigger as HRM has received.
Reg o RML2 0x3 HRM L2 trigger as HRM has received.
Reg_o_RMClr 0x4 HRM Clear as HRM has received.
Reg_o_RMRsvl 0x5 HRM Reserve 1 as HRM has received.
Reg_o_RMSnInc 0x6 HRM Spill Number Increment as HRM has received
Reg_o DagGate 0x7 DAQ gate in DCT
Reg_o_DIP8 0x8 ch 8 of DIP SW2
Reg_o_clkIMHz 0x9 1 MHz clock
Reg_o_clk100kHz 0xA 100 kHz clock
Reg_o_clkl10kHz 0xB 10 kHz clock
Reg_o_clklkHz 0xC 1 kHz clock
NIMIN ports available
Reg_i_niminl 0x0 NIMINI
Reg_i_nimin2 0x1 NIMIN2
Reg 1 nimin3 0x2 NIMIN3
Reg_1_nimin4 0x3 NIMIN4
Reg i dofault 0x7 If this register i1s set, the default assignment are done for

signal lines (see next table).

IOM default assignments as listed below.

NIMOUT1 Reg_o_ModuleBusy

NIMOUT2 reg_o_DaqGate

NIMOUT3 reg_o_clklkHz

NIMOUT4 reg_o_DIP8
 Sinal Register default
ExtLl1 Reg_i_Niminl NIMINI
ExtL2 Reg_1i_default 0
ExtLClear Reg_1i_default 0

ExtLBusy Reg_i_nimin3 NIMIN3
ExtLRsv2 Reg_i_nimin4 NIMIN4
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4.7.3 Switch and LED on HUL MH-TDC

DIP SW2
The same with HUL RM

LED
The same with HUL RM

4.7.4 DAQ operation

Data flow is shown in Figure. If HRM is installed and DIP SW2 ch2 (mezzanine HRM) is ON, RVM and TDC
contributes to the event; otherwise, only TDC contributes. The "number of word" of header2 contains the
total of TDC and RVM data.

R T R R
|l i i R e L e e | e spill number |
I [ X 32Ch’_ _________ : : * event number :
: [ | [ { * spill number increment |
| =N | Block 1l I+ lock bit :
- TDC Channel | buffer [ : !
i npy unit buffer —:: : I : I___‘l______l :
| I | TDC data [ i : : |
| Ring buffer | : [ i | :
| |
] TDC block ! o l' |
Multi-Hit TDC

Trigger
If clear is received,
Data are discarded.

If L2 is received,
data are transferred.

Figure 8: DAQ data flow of HUL MH-TDC firmware
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Module Busy timing

HUL MH-TDC has the same definition of module BUSY with HUL RM, except the time length is different (HUL
MH-TDC: 210 ns, HUL RM: 160 ns) due to the difference of the system clock frequency. In addition it as
the Sequence busy, which 1s ORed.

BUSY type BUSY length description

Self busy 210 ns Asserted with a fixed length since the L1 trigger is detected.

Dependes on the search Depends on “WindowMax - "WindowMin": BUSY while hits are
Sequence busy . - -
window length. searched in the Ring buffer.

BUSY is output when the block buffer is full. It is asserted

Block full when the L1 trigger rate exceeds the data processing speed of
ock fu -

the subsequent circuit. This happens when TCP transfer cannot

catch up and is practically equivalent to SiTCP full.

TCP buffer of SiTCP becomes Full. It is asserted when the
S1TCP full - amount of data that the Event Builder is trying to send is

large for the network bandwidth.

Data structure
Header word

Headerl (Magic word)
MSB LSB
| OXFFFF30CC |

Header2 (event size)
| OXFF | 0x00 | "0000" | Number of word (12-bit) |

Number of word indicates the number of words contained in the data body, not including the header.

Header3 (event number)
| OXFF | HRM exist | "@@@" | Tag (4-bit) | Self counter (16-bit)

If HRM exist is 1, ch2 of DIP SW2 is on, meaning HRM was installed. This means that data body has a
RW word. Tag is the 4-bit Tag information from TRM. The lower 3 bits are the lower 3 bits of the RM
Event Number, and the 4th bit is the least significant bit of the RM spill number. Selfcounter is a

local event number that is incremented each time an event is forwarded. Starts with O.
Data body

RVM word
| exF9 | "ee" | Lock | SNI | Spill Num (8-bit) | Event Num (12-bit) |

Lock means the RM lock bit, must be 1. SNI means Spill Number Increment, which becomes 1 at the change
of the Spill Number (not tested if it is true). Spill Num is the spill number, and Event Num is the
event number, received by HRM, respectively.

TDC word
| Magic word (8-bit) | "@" + Ch (7-bit) | "ee" | TDC (14-bit)
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The "Magic word" is defined as follows.

e 0xCC Leading
e 0xCD Trailing

Ch is the channel number starts with O, up to 127. Refer to Chapter 1 for Channel-Input port
assignment. TDC is the 14-bits in the least.

4.8 Mezzanine HR-TDC and HUL HR-TDC
BASE

This section describes the firmware inside the Mezzanine HR-TDC and the firmware to control it.
Mezzanine HR-TDC is a firmware that implements the functions up to the block buffer in HUL MH-TDC, and

HUL HR-TDC BASE implements the subsequent function to manage the entire DAQ such as event builder and
trigger manager. Therefore, the Mezzanine HR-TDC cannot perform complicated operations. It transfers
the measurement data to the HUL in response to the Trigger (Common stop). The control system is rather
complicated because it has two FPGAs. Mezzanine HR-TDC has features that other firmware does not have,
such as a tapped-delay-line calibration LUT and DDR communication for data transfer. This section

describes these functions and control methods.

Mezzanine HR-TDC ID and current version
Previous firmware has two versions with/without the trailing edge measurements; the new firmware is

integrated into one. The edge to be measured is selected by the register.

ID number 0x80cc

Major version 0x05

Minor version 0x00

Version history

Version Release date Changes
v2.5 2017.12.19 initial release with leading edge measurements.
v2.6 2018.02.02 Resolved an issue of returning data out of the search window.
v3.2 2017.12.19 Initial release for leading+trailing edge measurements
v3.3 2018.02.02  Resolved an issue of returning data out of the search window.

Installation of SEM and XADC. Installation of Builder bus. Register
selection of the measurement edges.

v4.5 2021.08.01  Minor bug correction on XDC (the same functions with v4.3).
TDC samplning clock and system clock signals are 520 MHz ans 130 MHz up to

this version.

Implemented trigger signal output from mezzanine card.

Modified the local bus bridge. Mezzanine FW v5.0 is not compatible with HUL
v5.0 2023.01.17  HRTDC BASE firmware prior to v3.7.

TDC samplning clock and system clock signals are changed to 500 MHz ans 125

MHz, respectively.
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Overview of module function

Block diagram of Mezzanine HR-TDC and HUL HR-TDC BASE are shown in Figure, which is drawn in some
detail, since the control system is more complicated than other firmware. In the HR-TDC system, BCT
exists in each FPGA, and the mezzanine HR-TDC side controls registers with two-step access through the
BsuBrige on the BASE side. There i1s a dedicated C ++ function for controlling the Mezzanine side

through BisBridge, which will be explained in more detail in the software section.

The system is divided into two subsystems: Mezzanine HR-TDC which only measures time, and BASE which
manages event build, trigger control and IOs. Trigger information is managed by the Trigger Manager
(TRM) like any other modules. Only the level 1 trigger that is issued by TRM is sent to the Mezzanine
HR-TDC. This signal works as a common stop for the mezzanine HR-TDC. The operation as TDC is equivalent
to HUL MH-TDC. Only the time resolution is higher. The ring buffer length for recording hits is 15.7
us, and the time resolution 1s 25 ps (0) (for common stop) and 20 ps (0) (difference between

channels).

In order to transfer data from mezzanine to BASE at a high speed, 5 signal lines are used. Since the
transfer includes the control bits, not the full bandwidth is available; the time required for transfer
of one word (32 bit) is 8 ns (i.e ~4 Gbps). The DDR receiver on the BASE side needs to be initialized
once after the power is turned on. The initialization method is also described in the software section.

The TDC base receives the data and prepares to pass it to the event builder.

Mezzanine Slot-U
e

| Mezzanine HR-TDC HUL HR-TDC BASE

DAQ
BusBrid; g
controller [ BCT S“S i BusBridge
econdary Primary

(DCT) $
_ﬁ

|
|
|
|
|
I
|
|
|
|
|
I
TDC Event W
—> - |
Base Builder !
————— oo | |
| Main in U | I :
I i !
N _(I_\Igti“_"_se_) — : Level 1 trigger :
_____ TTTITTTY | |
|( Main in D | | |
L (Not in use) ,I : :
____________ | |
|

Trig JO :

! (When being slave):

Trig Ext |

Figure 9: Block diagram of HUL HR-TDC formware

4.8.1 Details of Mezzanine HR-TDC

The principle of high-timing resolution measurements

Input signals

Trigger
Manager

(TRM)

manager
NIM OUT S m

This firmware uses a time measurement method called the tapped-delay-line (TDL) method. The concept of
TDL is shown in Figure. TDL is consist of linear connections of fine delay elements (dTs) and flip-
flops (FFs); the time information is interpolated by observing how many FFs has the input signal edge
run through. The gray square in Figure shows the delay elements, and the D-FF array takes a snapshot of
the FF on/off status in every clock edges. The delay element is referred as tap hereafter. The clock
for taking the snapshots is 500 MHz (2.0 ns), so if the number of taps is known where the input signal
pulse went through during 2.0 ns, the delay amount per tap (dT) 1s known. Ignoring the statistical
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fluctutations, dT equials to "2000 (ps) / maximum tap number of reach", which is the time for the TDC
1-bit. However, each delay element in FPGA HR-TDCs has different tap delays; instead of the static
calibration, a dynamic calibration that converts all tap numbers into time 1s required. Here, the tap

number is called fine-count, and the value converted from fine count to the physical time is called

estimator.
—— Input signal is running on TDL
Hit dT1 dT2 dT3 dT4 dT5
— ] >
D-FF
: r> > > > >
Sampling
clock A

v v v v v
Take a snap shot of running pulse by the D-FF array.

Figure 10: Schematics of Tapped-delay-line

Time calibration

Figure below shows the procedure for generating an estimator. First, a fine-count histogram has to be
generated for a time-uncorrelated white noise spectrum as an input. The histogram weight for the each
fine-count bin 1s proportional to the corresponding time delay of the bin. Once the histogram 1s ready,
integrate the histogram counts of each bin up to the N-th to obtain the estimator; i.e. if the number

of counts in the 1-th bin 1s w;, the N-th estimator is:

E,=w,/2+ i('wl)

In the FPGA, required a mechanism to generat a fine-count histogram and a circuit to convert each hit
from its fine-count to the estimator for output. As the signal source, the easiest is to use the
detector signal to generate a fine count histogram. (The detector signal must be time-uncorrelated and
random.) Histogram generation is independent of DAQ, and all input signals may be automatically filled
into the histogram. However, this method requires a wait until the event accumulates to a fixed integra
(e.g. Ox7ffff), and only available to the channel with a detector is connected. Therefore, a method to
generate the histogram using a clock is prepared. A more practical method is to connect the calibration
clock inside the FPGA to all input lines. This clock is adjusted to make a slight phase shift to the
system clock which samples the TDL. In principle, the edge of the calibration clock can sweep the time
in lps resolution. With the method of calibration clock, a histogram can be generated in tens of ms. It

is assumed that the module is calibrated after the power is turned on, or at the beginning of each RUN.
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Fine count histogram Integrated histogram
w3 E4 % Timing
wl w4 E3 estimator
w2 E2
El
Fine count Fine count
(TAP number) (TAP number)

Definition of timing estimator
E.=w,/2+ 201, (w,)

Figure 11: Procedure to generate estimators from fine count histogram.

Calibration block impremented and operation
The time calibration system is implemented by two RAMs. As shown in Figure, the fine-count is
simultaneously fed into the two RAMs. One RAM generates a histogram. When the prefixed Ox7ffff event

counts are accumulated, the RAM may be converted to the estimator mode, waiting for the swap. In the

estimator mode, the RAM converts from a fine-count to an estimator. Since the raw estimator is 19 bits
wide, which i1s too fine, and is discarded the lower 8 bits and make it 11 bits wide for output. The RAM
swap 1s either automatic when one is ready, or manually switched. The behaviour is controled in
Controll::AutoSw and RegSwitch . If cControll::Autosw 18 1, it will switch automatically; if 1t is O
and Regswitch 18 written, RAM will switch manually. Automatic switching is used when constant update
of the RAM is necessary using the detector signal during the RUN.

Also, extraction of the fine-count without being converted to the estimator is possible. Set

Controll::Through to 1 and the fine-count will appear directly.

Fine count — Estimator

RAM

19 bit 11 bit
addr  dout 8bit shift

When the other side finishes to generate
estimator, these two can be swapped.

\ 4

Histogram/Estimator generation stage
1. Accumulate Ox7ffff (524,287) events
2. Generate estimator and overwrite RAM

N
Q
[oR
[oR
=
Q.
]
c
-

Figure 12: Swap pattern of Estimator look up table (LUT).

HR-TDC system

This section is a summary of the HR-TDC functions inside the Mezzanine HR-TDC. In this firmware, the
length of TDL is 192 taps, which is rather too fine. Three taps are combined into one, conbined to 64
effective taps. Therefore, the maximum fine-count 1s 63. According to the measurements, approximately
55 taps are reached in 2.0 ns. The fine-count is passed to the clock area of 125 MHz, converted to the
estimator, and then written to the ring buffer together with the hit bit. As shown in Ficure, estimator
(11bit) + semi-coarse count (2bit) + coarse count (l1lbit) gives a data length of 24bit. After that, the
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event 1s partially built in mezzanine HR-TDC and transferred to the HUL side. Approximately, Time (ns)
= TDC value / 2048 / ClkFreq, where 2048 is the estimator's maximum and ClkFreg=0.500 GHz (FW v5.0 and
later) or 0.520 GHz (up to FW v4.5) 1s the clock frequency. Use the TDC calibrator for a more accurate
time conversion. The implementation after the Ring buffer is the same as in MH-TDC. When L1 trigger
(common stop) is detected, the ring buffer is read and transfered. The range to search for hits may be
set by WindowMax and wWindowMin registers. These registers has the resolution of the 11-bit course
count. Hits that do not fall within this range will not be written to the channel buffer. BUSY signal
1s asserted while searching for the hit information from the Ring buffer. Eventhough the structure is
the same, the coarse count resolution is different from MH-TDC, since the system clock frequency is
different.

The maximum number of hits for Ich / event i1s placed when collecting data from channel buffer to block
buffer. Curently, it is 16 hits, and data in the earlier time of TDC is discarted if more hits are

recorded in the channel buffer, and the overflow bit is set.

Trigger output
Trigger signal can be output from HR-TDC from Version 5.0. The hit bits for all channels are logically
summed and output. When trigger output is not used, it can be masked for each channel by TrigMask

register.

High-resolution TDC specs

TDC resolution ~30 ps
coarse count resolution 8.0 ns

Ring buffer length 16.3 us
timing resolution 20 ps (0) *measured
minimum pulse width ~2 ns

double hit resolution ~4 ns
maximum hit/ch/event 16
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Running pulse

>

— Tapped delay line 11111111111111000000000000000

VA I i i i bbb vyl
Remapping (192 — 64 taps) 1111100000
| | | | |
Leading edge finder 0000100000
} l l ! !
Binary encoder 5 :Fine count
500 MHz I
———————————— Crock domain crossing  j-—--—----
125 MHz 1
Calibration table Estimator (11bit)
+
Ring buffer Semi coarse count (2bit)

+

(16.3 us length) Coarse count (11bit)

Event build process

Figure 13: Block diagram of HR-TDC
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4.8.2 Register map of Mezzanine HR-TDC

This section summarizes the registers of the Mezzanine HR-TDC. The registers described here belong to
namespace HRTDC MZN 1IN RegisterMap.hh . Since the Mezzanine HR-TDC is accessed by bus bridging through
BusBridge, it cannot be specified directly by the RBCP address. Since Version 5.0, the address range has
been expanded from 12-bit width to 16-bit width by modifying the local bus bridge.
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Register name

Address

Operation

Bit width

Description

Trigger Manager: DCT (module ID = 0x0)

TestMode

0x0000

R/W

A mode that outputs a test pattern from
the DDR transmitter to initialize the DDR
receiver on the HUL side. Necessary for
module initialization at power-on, used
inside the distributed C++ software

ddr_initialize.

ExtraPath

0x0010

R/W

When this bit is set, the signal input
path switches from the input port to the
calibration clock. Used to generate the
LUT for the estimator with a calibration
clock.

Gate

0x0020

R/W

DAQ gate. If it i1s 1, common stop is input
to HR-TDC.

EnBlocks

0x0030

R/W

Enable the leading / trailing measurement
block. The first bit is the leading block
and the second bit 1s the trailing block.
Since the default is 0, this bit must be

set.

DAQ Controller: TDC (module ID = 0x01)

Control

0x1010

R/W

A register for changing the operation of
HR-TDC. The following three bits exist.
Through (0x1)

AutoSw (0x2)

StopDout (0x4)

If Through is 1, the fine-count is
transferred without being converted to the
estimator. If AutoSw is 1, the RAM will be
swapped as soon as a new LUT is ready on
the other RAM. If Stop Dout is 1, the stop
data is also transferred as one word
without subtracting from the common stop
inside the FPGA.

RegSwi tch

0x1020

If AutoSw is 0, the estimator RAM will be
swapped when this register is accessed.

(Don't care about the register value.)

Status

0x1030

If this bit 1s 1, the next estimator LUT

1s ready on the alternative RAM.

PtrOfs

0x1040

R/W

11

Internal use. Do not touch.

WindowMax

0x1050

R/W

11

The upper limit of the time window to
search for hits from the Ring buffer. 1bit
is equivalent to 8.0 ns. See MH-TDC for
details.
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The lower limit of the time window to
search for hits from the Ring buffer. 1bit

WindowMin 0x1060 R/W 11 ) )
is equivalent to 8.0 ns. See MH-TDC for
details.
Trigger output mask for each channel. Each
bit corresponds to the channel. If O is
TrigMask 0x1070 R/W 32 set, the target channel 1s masked. E.g.,
if you want to mask channel 0, set
OxFFFF 'FFFE.
DAQ Controller: SDS (module ID = 0xC)
SdsStatus 0xC000 R 8 Obtains the status of SDS module.
DRP mode select for XADC.
XadcDrpMode 0xC010 R/W 1 e (x0;_Read moge
e Ox1: Write mode
XadcDrpAddr 0xC020 R/W 7 DRP address for XADC.
XadcDrpDin 0xC030 R/W 16 DRP input data for XADC
XadcDrpDout 0xC040 R 16 Obtains DRP output data from XADC.
Execute DRP access to XADC. (Don't care
XadcExecute 0xC050 W - )
about the register value.)
SemCorCount 0xCOAO R 16 Obtain the number of SEU corrected by SEM.
Reset SemCorCount to zero. (Don't care
SemRs tCorCount 0xCOBO W - )
about the register value.)
SemErroAddr 0xCOCO W 40 Address input for inject_address of SEM.
Sends pulse to inject_strobe of SEM.
SemErroStrobe 0xCODO W - )
(Don't care about the register value.)
DAQ Controller: BCT (module ID = 0xE)
Asserts module reset signal from Bus
Controller, and initializes all modules
Reset 0xE000 W - )
except SiTCP. (Don't care about the
register value.)
. Reads Firmware ID and versions. Multiple
Version 0xE010 R 32
byte must be read out.
Sends Low to PROG_B_ON to re-configure
) FPGA. SiTCP connection will be closed, and
Reconfig 0xE020 W -

may be reconnected in a few seconds.

(Don't care about the register value.)
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4.8.3 Switch and LED on Mezzanine HR-TDC board

DIP SW functions
This function is assigned to the 4-bit DIP switch on the board.

switch number function details
1 - Reserved
2 - Reserved
3 - Reserved
4 - Reserved
LED function

The Mezzanine HR-TDC does not have a LED available to the user. The red LED lights when the FPGA is

configured.

Module Busy timings
The definition of BUSY for Mezzanine HR-TDC is the OR of the BUSY signals listed below. In addition,
BUSY of HUL HR-TDC BASE is also ORed. Normally, the BUSY length is equal to that for "Sequence busy".

BUSY type BUSY length description

Depends on the search Depends on WindowMax-WindowMin: BUSY while hits are searched in

Sequence busy . . .
window width the Ring buffer

BUSY i1s output when the block buffer 1s full. It is asserted

Block full when the L1 trigger rate exceeds the data processing speed of
ock fu -

the subsequent circuit. This happens when TCP transfer cannot

catch up and is practically equivalent to SiTCP full.

4.8.4 Details of HUL HR-TDC BASE

HUL HR-TDC BASE has almost the same structure with MH-TDC except for DDR receiver and BusBridge. Unlike
MH-TDC, HRM cannot be installed. Therefore, it cannot become a JO bus master.

The DDR receiver needs to be initialized after the power 1s turned on; other than that there i1s no
special action necessary. The BusBridge is provided for mezzanine slot U and D independently. BusBrige
module bridges the BCT on the HUL side and the BCT on the mezzanine side. From the BCT on the HUL side,
the BusBridge looks as a local module, and from the mezzanine side, i1t looks like an external link. Two
actions are required to access the mezzanine. In the first action, the BCT on HUL stores the read/write
command, the mezzanine local address, and the register value to BBP::Txd , a register located inside
BusBrige. The second action sends signal to BBP::Exec for the brige action; BusBrige will start the
communicating procedure with the mezzanine. Whether the BCT on the mezzanine side is driven by writing
or by reading is determined by the command value specified in the first action. In the read mode, the
value from the specified address will appear on BBP::Rxd . BusBrige will not respond to the BCT on HUL
until the communication process 1s completed correctly. Therefore, the BCT on HUL will be deadlock, if
BBP::Exec 1S called without a mezzanine HR-TDC card installed. If this occurs, BCT::Reset will not
be called, and SiTCP Reset will be necessary. C++ functions for BusBrige control are grouped in

BctBusBridgeFunc.cc . Details will be given in Chapter 6.
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HR-TDC BASE ID and current version

1D

0x80eb

Mojor version 0x04

Minor version 0x01

Version history

Version Release date Changes
vl.5 2017.12.19 Initial release
vl.6 - not released
Solved the issue that the event tag coming from the JO bus was latched too
vl.7 2018.02.02  early and the event number on HRM is deviated by 1. Repaired the issue that
BCT hangs when calling BCT::Reset.
v3.7 2021.08.01  Added SDS and FMP. Installed Builder bus. Change of BCT structure.
Compatible with Mezzanine HR-TDC v5.0. Mezzanine HR-TDC v4.5 and earlier
v4.0 2023.01.17 )
versions are not supported.
Bug-fixed version of HUL HRTDC BASE v4.0. Sometimes, v4.0 does not work
v4. 1 2023.02.24

correctly.

4.8.5 Register map of HUL HR-TDC BASE

The following 1s the register map of HUL HR-TDC BASE, defined in RegisterMap.hh as namespace

HRTDC_BASE. Some of the names are i1dentical with ones in Mezzanine; specify the namespace. Some

registers are missing due to the un-support of HRM in IOM.
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RegisterMap.hh for this firmware contains the global variables kEnSlotup and kEnSlotDown at the
beginning. These are flags indicating which slot the mezzanine HR-TDC is installed. Set to false if
Mezzanine HR-TDC is not installed. These are variables that are not necessary when the software is

localized for a particular experiment.
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Register name Address Operation Bit width Description
Trigger Manager: TRM (module ID = 0x00)
SelectTrigger 0x0000"' 0000 R/W 12 Register to select Trigger source for TRM.
DAQ Controller: DCT (module ID = 0x01)
ON/OFF DAQ gate. If DAQ gate is O, TRM
DaqGate 0x1000"0000 R/W 1 )
does not send trigger.
Write access to this address asserts a
soft reset to Event Builder, and the self
EvbReset 0x1010"0000 W - ]
event counter is reset to zero. (Don't
care about the register value.)
. Initialization to DDR receiver. (Don't
InitDDR 0x1020"0000 W - )
care about the register value.)
Register to control DDR receiver. Details
CtrlReg 0x1030"0000 R/W 4 )
are described later.
Status register of DDR receiver. Details
Status 0x1040"0000 R 4 ]
are described later.
10 Manager: IOM (module ID = 0x02)
NimOut 1 0x2000" 0000 R/W 4 Sets signal to NIMOUTI.
NimOut2 0x2010"0000 R/W 4 Sets signal to NIMOUT2.
NimOut3 0x2020'0000 R/W 4 Sets signal to NIMOUTS3.
NimOut4 0x2030"0000 R/W 4 Sets signal to NIMOUT4.
ExtL1 0x2040"0000 R/W 3 Selects NIMIN for extLl
ExtL2 0x2050"0000 R/W 3 Selects NIMIN for extL2.
ExtClr 0x2060"0000 R/W 3 Selects NIMIN for Ext Clear
ExtBusy 0x2070"0000 R/W 3 Selects NIMIN for Ext Busy
Selects NIMIN for coarse count reset of
cntRst 0x2090" 0000 R/W 3 Mezzanine HR-TDC. Used to synchlonize
multiple HR-TDCs.
Bus Bridge Primary: BBP (module ID = 0x3, 0x4)
Data to be written to the slot-U secondary
Txd 0x3000"0000 W 32 FPGA (FPGA on mezzanine card) via local
bus bridge.
Data read from the Slot-U secondary FPGA
Rxd 0x3010"0000 R 32 ) .
via the local bus bridge.
Assert the start signal to drive the Bus
Exec 0x3100'0000 W - bridge primary and communicate with the
slot-U secondary FPGA.
Data to be written to the slot-D secondary
Txd 0x4000"0000 W 32 FPGA (FPGA on mezzanine card) via local
bus bridge.
Data read from the Slot-D secondary FPGA
Rxd 0x4010'0000 R 32

via the local bus bridge.
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Assert the start signal to drive the Bus
Exec 0x4100'0000 W - bridge primary and communicate with the
slot-D secondary FPGA.

Trigger Manager (TRM)
HUL HR-TDC BASE can not mount HRM; registers for HRM in TRM does not function.

ReglL1Ext 0x1 Select NIMIN as L1 trigger source.

RegL1J0 0x2 Select JO bus as L1 trigger source

Regl.2Ext 0x8 Select NIMIN as L2 trigger source.

Regl2]J0 0x10 Select JO bus as L2 trigger source

RegClrExt 0x40 Select NIMIN as Clear source

RegClr]0 0x80 Select JO bus as Clear source

RegEnL2 0x200 0: L2=L1 trigger. 1: L2=L2 AN

RegEnl 0 0x400 Eéf nglinfo from JO bus. Sends module busy to JO bus if this
it is 1.

DAQ controller (DCT)
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Details of ctrirReg and status bits in DCT.

CTRL Registers

If this bit 1s ON, test pattern receiving mode for

RegTes tModeU Ist bit (0x1) N . .
initialization of DDR receiver (slot-U).
) If this bit 1s ON, test pattern receiving mode for
RegTes tModeD 2nd bit (0x2) — . .
initialization of DDR receiver (slot-D).
EnableU 3rd bit (0x4) If this bit 1s ON, DDR receiver (slot-U) becomes available.
EnableD 4th bit (0x8) If this bit 1s ON, DDR receiver (slot-D) becomes available.
When this bit 1s set, it asserts a force reset signal to the
FRstU Sth bit (0x10) FPGA on slot-U. A function implemented in the MIF block in
firmware v3.7 and earlier.
When this bit i1s set, it asserts a force reset signal to the
FRstD 6th bit (0x20) FPGA on slot-D. A function implemented in the MIF block in
firmware v3.7 and earlier.
Status Registers
) ) ) Data readout has become ready after finishing the bit slip in
BitAlignedU Ist bit (0x1) )
DDR receiver (slot-U).
) ) i Data readout has become ready after finishing the bit slip in
BitAlignedD 2nd bit (0x2) )
DDR receiver (slot-D).
) ) Initialization failed; bit slip was tried for designated times
BitErrorU 3rd bit (0x4) ‘ ‘
on DDR receiver (slot-U), but not replied correctly.
) ) Initialization failed; bit slip was tried for designated times
BitErrorD 4th bit (0x8)

on DDR receiver (slot-D), but not replied correctly.

1/0 Manager (IOM)
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HRM is not supported and some of the registers do not function.

Signals available for NIMOUT

Reg_o_ModuleBusy 0x0 Module busy, not including JO bus busy nor ExtBusy.
Reg_o_DaqgGate 0x7 DAQ gate of DCT.

Reg_o_DIP8 0x8 DIP SW2 #8

Reg_o_clkIMHz 0x9 1 MHz clock

Reg o _clk100kHz 0xA 100 kHz clock

Reg_o_clkl10kHz 0xB 10 kHz clock

Reg_o_clklkHz 0xC 1 kHz clock

Reg_o TrigOutU 0xD Assign the trigger output from mezzanine HR-TDC in Slot-U.
Reg o TrigOutD 0xE Assign the trigger output from mezzanine HR-TDC in Slot-D.
Reg_o_TrigOutlD OxF Assigns the logical OR of the trigger output from both

mezzanine HR-TDCs in Slot-U/D.

NIMIN available for signals

Reg_i_niminl 0x0 Assign to NIMINI
Reg 1 _nimin2 0x1 Assign to NIMIN2
Reg_1_nimin3 0x2 Assign to NIMIN3
Reg_1_nimin4 0x3 Assign to NIMIN4
Reg_i_default 0x7 If selected, Default setting are assgined to NIM IN/OUTs.

IOM Default registers.

NIMOUT1 Reg_o_ModuleBusy

NIMOUT2 reg_o_DaqGate

NIMOUT3 reg_o_clklkHz

NIMOUT4 reg_o_DIP8

| Signal  Register Default
ExtL1 Reg_i_Niminl NIMINT
ExtL2 Reg_i_default 0
ExtLClear Reg_i_default 0

ExtLBusy Reg_1_nimin3 NIMIN3
cntRst Reg i _default 0
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DIP SW2 functions
Lists functions assigned to DIP SW2.

SiTCP force ON for SiTCP forced default mode. Must be set before the power is

! default turned on.
2 Not in use
3 Force BUSY Crate Busy and Module Busy turned to high. For connection check.
4 Bus BUSY ON to include JO bus busy in Crate Busy, OFF to otherwise.
S LED ON to light LED4.
6 Not in Use
7 Not in Use
8 Level Reflects DIP8 on IOM
| LeDnumber  Desoription
LED1 Light for TCP open.
LED2 Light when module busy is high.
LED3 Light if DAQ gate is ON.
LED4 Light if DIP SW2 #5 (LED) is ON.

4.8.6 DAQ operation

Data flow is shown in Figure. There are two FPGAs involved from Mezzanine HR-TDC and BASE, however, the
DAQ operation 1s the same with that in HUL MH-TDC. In each mezzanine, a partial event (up to the block
buffer) is built and transferred to the BASE, where the received data is collected to built an event.
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N TR TR TR A s R Rt My Ry Mt st S It St Sy |
: |
|
TDC !
: x 32ch : !-Iit.search Yvindow
| ,' : i P Hits in this window are
I N I Block I I fed into channel buffer.
TDC Channel I buffer [
Input unit buffer — [
i N H— S| |
ing buffer L | |
| .
|______________________P_C_b/fcfl—_—_—_—_—_—_—_{_l Mezzanine HR-TDC
HR-Multi-Hit TDC =~ == e o oo oo e o o o o o o o o o
HUL controller
o L2 trigger
* Clear
« Tag

R 2 !

T

|
| |
M [2data [

|
Event buffer :
|
|

1

Event packet

|
If clear is received, ! Trigger module
|
|

Data are discarded. Trigger

information

If L2 is received,
data are transferred.

Figure 14: Data flow block diagram of Mezzanine HR-TDC and HUL HR-TDC BASE

Module Busy timing
Module busy is the OR of the followings:

BUSY type BUSY length Description

Self busy 210 ns Asserted since the L1 trigger.

) Depends on the Mezzanine Busy from Mezzanine HR-TDC. Normally, the search window
Mezzanine busy

status length of time.
BUSY when the block buffer of TDC Base becomes Full. The
Block full - busy means that TCP transfer cannot catch up, and is

practically equivalent to SiTCP full.

TCP buffer of SiTCP becomes Full. It is asserted when the
SiTCP full - amount of data that the Event Builder is trying to send

is large for the network bandwidth.

Data structure
Header word

Headerl (Magic word)
MSB LSB
| OxFFFF8OEB |

Header2 (event size)
| OxFFo0 | OverFlow | "000" Number of word (12-bit)
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Number of word indicates the number of words contained in the data body. It includes the two words for
Sub-header. So the lowest value 1s 2. OverFlow stands when there is an over flow channel even for Ich
in the entire HUL.

Header3 (event number)
| exFF | "eeee" | Tag (4-bit) | Self counter (16-bit)

Tag 1s the 4-bit Tag information from TRM. The lower 3 bits are the lower 3 bits of the RM Event
Number, and the 4th bit is the least significant bit of the RM spill number. Self-counter is a local
event number that is incremented each time an event is forwarded. Starts with 0.

Sub-headers
| oxFAee | "e" | OverFlow | StopDout | Through | # of word (12-bit) |
| oxFBee | "e" | OverFlow | StopDout | Through | # of word (12-bit)

Header of mezzanine HR-TDC. oxrFa00 and oxrB0O correspond to slot -U and -D, respectively. Overflow
indicates the presence of over flow in each mezzanine. StopDout and Through indicate the state of
Stop Dout and Through in HRTDC MZN::TDC::Controll , respectively. "Number of word" indicates the

number of words for each mezzanine.

Data body

Data body
| Magic word (3-bit) | Ch (5-bit) | TDC (24-bit)

The Magic word is defined as follows.

e 6 Leading
e 5 Trailing

e 4 Common stop

Ch can only be counted up to 3lch as it is 5 bit width. Check if the data belongs to subheaders A or
B, decode it, and 1f i1t belongs to subheader B, add 32 channels. As mentioned in the section for HR-
TDC, TDC is estimator (11bit) + semi-coarse count (2bit) + coarse count (11lbit), which makes a total

of 24 bits. When Through is ON, the fine-count appears at the estimator position.

4.9 Three-dimensional matrix trigger

ZDIT7—LADITTDIN=Z I VREBMDIWERRZDTH D AT — /(=3 VN1 TIARPSDS(FHEEH =
ncnxEd,

R EE= 0xe033
Ay —)\—=3> 0x01
IA1F—=)\—=3> 0x01
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BEE
N—=3> UU—RH EER

vl.1 2020.12.02 ZEERCTHA UEREKMR
E{EHIE

Page 64

CDT 7 — /DT TIE] -PARC E03RER EERERDB(ICAWVSNEY NIV ORAA ST ANIA—-TY, e
EOMEERIFE DI NI IR NUH—EREERUIEWEEDFIEEUTMALTLEEW, AT7—ADTT
[CIFT—PUNEMEE(FDDFERA. COMTEIBEDRRAD-TO=ZR NS NUA—ZERLET,

[CJOvIRZERUET. COEBRTIFEBH2. TOF. SCHEWD3BEDAY A I IJ/RRAOI-TEDY hJw XM
BERAWNET., Ay IRDEFETF v ORILESZERLTHD. A5T14336/\F—> (8x28x64) DIHAHENDEN

REUFEI, ANFZEBEFFCRPESNET, 0OV IRE(350 MHz T . ZMRDIWGEY ~Jw IR JNEG—> DT
OvOEREKOIOY I THEENTNET ., BRANIM-IMEENMNMTVDIDEFEFTRA NEEECITDROHTI .
DIT7—LDIFFATZ>Z0OY SSCHD AN ZZIFDIZHDR v/ V2R ETT,

BEESNZANES(IDelay Width Generator (DWG) TheEIELEREORARENEINE I, FDWGIIRBCPZE L THRHE
MNAJRE T I, 350 MHz (2.857... ns) DAY IREE TI2ERBDBENAIETT, LIV I NITFPDIETIH
NET, DWTIHULREAFICED—E/ULZAAAN GO EBE2DD/IVULRZRITET, MEREFTILTRSIN

37V RIA LADEBDBNERETY.

MTX3DEMTIX2DIZZNZEN=Z=RX AR MUV IR DA ST OREZR AR MW O AA
T, COMNTIIID=ZRTT RIS —E2DDZRTL NI H—DNRE=NTHED., TNZNIY MUY OIS -2 %%
EABE T . RBCPZRAWVWTETONY MIWIORXTL A MDIDDOn/OffDYIDEBEZINAEET T, EDKSICER

LTWVBMNIBRIEUET

N, S, =N

ST

20T OvIT

EX MUY O NUH—(FI0NZEC TNIMOUT S E A RTEET T . COVTIEFEBRDERNS Z AT MUY IID
HAZE=ZRAY NIV IIDFERTVEINS DRENAESINTNET ., COERTIEZ=RT IS —HE—LAVET
DEEZRIZUTWEZDIAZIRRL AN >THD. Z R hUH— (I UTIFEAERT L TVETOLLE
ZHAELUTWET., CODHIEDIFEREZMFICENDETEELTLIZE,

. . [
Configuration of MTX3D-EO3E42 MTX3D n !SCH-OR
1
SW2 (DIP) bit-2 D | TOF-OR
---------------- ] - ) H
E 10B: True ! l LJ ! BH2-OR
: ' BH2 in DWG !
' ONIM-IN (4-1) TofExt '
E BH2 (4-1) ' DWG i
i ! MTX3D Trig H
. : TOF in DWG L
! MAIN-IN-D (8-1) ! — pwe > Trig3D
E BH2 ' SCHin DWG i
: i :
1 i 1
: i :
! MAIN-IN-U (28-1)} TOF in TofExt Tii i
I TOF: (24-1) : d ne '
i TOF-Ext: (28-25) ! e Fixed DWG ——>' Trig2Dvetol
1 H :
}
: ! TOF in —| | | delay !
: ' MTX2D :
| H SCHin — DWG !
: : Fixed ! Trig2D1
i ) width y 1rig
i MZN-U/D (64-1) ! SCH in '
' SCH —> Sync MTX2D-1 B
H ' 1l ns
[ To IOM
(NIM-OUT)
DWG: Delay Width Generator MTX2D-2 (Same as MTXZD-I)
Sync: Double-FF

Figure 15: Matrix3D trigeerd®®@JOw UK. EBIAN. ARIHNHA.
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491~ VU v 7 ARR—VDHETEHE
14336)\5—>DRAAVF =T RLATHERULDEED EETODERLKASTRIO—ANKEICKED., —HH
[CFPGATRB T BDIEFBEMNTY . CTTIRTDL TR %Z(28x64)x8EDET D EL 8-bithg « 1TNEDLZ
AP ERZDBCENHEET, 705, 8-bitlECREINI792DS T N ZRAYZHREITDET, ECOLS
AFEY RDBRENTREERDET, ZXTDEHEEL-bitlIECEESNL7920D T LR AZEAELUEI . RBCP
(BCT) (FRA—D7 RLXRIC1I7NREESFADEITTRENMNKRETE., MO TUYV—-IAZIEARNTY, LEXYIRE
(FSRAFLA0OVICHUTERROOYVITIT > TCBRUWES., CORWTIE10 Mz020Ov O TE I ML RA
ZEE LU TCTLET,

4.9.2 DWGDEiE

DWGIHIERE S BDERZTS T ML INDEY NG —>2DTULY MTEDTEREBELUTWEY, HIXEERENS
00011111000... EWDEYW MSF=2FANNGDIHFAZ2 I TS IR SZRINEY MUIEEULET. D
FTBECDI\NEG—UITBEENIT/ULRBHISDREEEZSXET ., BRESRBDBHRNSE Y ST —ADEH

FYITRTIOBLCLTVEY ., RABEELEENTNTN32D28H. DIGOEMD L X F1E(F64-bitTI,

-65/100 - Open-It HUL project



493 LIRIIVS
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LRSI ZRLA RHEE  EvNE (e
Trigger Manager: MTX2D-1 (module ID = 0x00)

TofDWG 0x0000'0000 R/W 64 Tof (1-24) AADWGLZRIZHRELFRT,
TofEx tDWG 0x0010'0000 R/W 64 Tof (25-28) ANDIWGL R FEHKELFT .
SchDWG 0x0020'0000 R/W 64 SCHAADWGL R Z/RELF T,
TrigDWG 0x0030'0000 R/W 64 R hUA—HIDDNCERELET,

ZRAN KNI ORI -2 EET DV RLAT
EnableMtx 0x0040'0000 W 1 I, ST BLZRYIDETNUICLZRIYZESE

ER
ExecSR 0£0100" 0000 " ) ZRAN KNI ORNNG—2ZBET DTS

AP &E1DTT hEBFT,

Trigger Manager: MTX2D-2 (module ID = 0x01)
BELZREINTX2D-1 EFER TS
Trigger Manager: MTX3D (module ID = 0x02)

TofDWG 0x2000'0000 R/W 64 Tof (1-24) AJIDNGLZAFZHRELFET .,
TofEx tDWG 0x2010'0000 R/W 64 Tof (25-28) AHNDWGLZAIZHRELFT .
SchDWG 0x2020'0000 R/W 64 SCHAHDWGL R =/ ELFT .
Bh2DWG 0x2030'0000 R/W 64 SCHAHDWGL R =/ ELFT .
TrigDWG 0x2040" 0000 R/W 64 ERXRT U —HHDIWCERELET .

ERXAN NIV OG- ZBET DV RLRT
EnableMtx 0x2050'0000 W 8 T ZITBRLZRIDHETHICLZRIZEEF

ER
e 052100 0000 . ) ERAN NIV ORING—2ZBET DT

AF&1DZT hE=EFT,

Trigger Manager: IOM (module ID = 0x03)
Nimout1 0x3000'0000 R/W 4 Nimout17R— MDHE A ZEHRELET .
Nimout2 0x3010'0000 R/W 4 Nimout2/R— MDD ZRELE Y.
Nimout3 0x3020' 0000 R/W 4 Nimout37/R— hMDHEAZEELE T,
Nimout4 0x3030'0000 R/W 4 Nimout47/R— bDEAZFRELF T,
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1/0 Manager (IOM)

LSRHSNI LSR5 E £
NIMOUTAH h AT EIR A ERES
Reg o Trig3D 0x0 MTX3D U A —ZEHAUET,
Reg_o_Trig2DVetol Ox1 MTX3D CVETOSN/ZEBDMIX2D-1 U A—=2H A UET,
Reg_o_Trig2DVeto?2 0x2 MTX3D CVETOE /2B DNTX2D-2 U A —ZH A LET,
Reg_o_Trig2D1 0x3 MTX2D-1 hUH—ZH A ULET,
Reg_o_Trig2D2 0x4 MTX2D-2hUH—ZH A ULET,
Reg_o_TofOR 0x5 TofORZH A LET,
Reg_o_SchOR 0x6 SchORZH A ULFET .
Reg_o_Bh20R 0x7 Bh20RZH A UET,

4.10 Mass trigger (TOF based trigger)

CDI7—ADITTE2023FEREEHHIRA MY T UTWVWET . Mezzanine HR-TDC v5.0°R#HDY I RIT 7 &
FEHELRSDFERA. ADIN—>a>oPzs|lEHEESFIALTIEEL.

EEH 0x20d1
AT —)\—=3> 0x03
IA1F—)\—=3> 0x00

ERE
N—>3> UU—-ZH EER
v3.0 2020.12.02 RERTHFA USRI

Mass trigger (MsT) (&J-PARC K1.8TCDBIRTHD. HWEEHCIETOFR—XD NI S —EREETT . 5 -1R—)LE
[ANRYT NOA =5 %BEB U FOBE [ AMIBICHTFOEHE SHENDDET . 2DORRIAI-TD=X

X MY OIMEENSEFHEHFEZHRL. SYRIVIXTL A MNIHUTTOFOAHZERD ENFOEES
EICTOFE—INMDBEUET (RLEEETHNUL) o Mass triggerldmezzanine HR-TDCEHULDXAA > A HZ AL
T, ZRAN MUY IR ETOFBRICKD NIA—ERZITDIEHD T 7 — AT T T, R-TICDERZBDIH
(C(Ecommon stop AWM ETHDIESD. mass trigeerlElevel2 decisionZITUN level? trigeerMB UL (Efast
clearlEBZERTDENMEETT,

JOvORZERICTRUE S . MsTIFHRMEHR-TDCDA T > H— RZEX/BEELTVETD, TNEN. slot-Usslot-D
AXIT2 RUTLIZEWN, Main IMAASNZESFMEERITTZHVAIXENEY CLSRIBHRESZFE
I, TDIEH. COT7—ALADITT7(CHIFTBTOREER (C (IR H BB DRBZT/AA<. common stopEDFEEET
I, Mass trigeerZRMAITBEDIC(Elevell trigeerNERMEARBE TERSNTVBIMSERSDET, COIEEE
KI.8E—ASA>DHREICENDE THDIZH. BEOIFZHESEEWEE I 7 —AD T 7OBIENBE(CRDE
ER
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SCH (64ch) &ETOF (32ch) BD2048/85—/(C3xF UTTOF windowDF TV IZITVNET ., ZDE. HR-TDCNSIERD
TEEVILFEY hF—FE2TICHUTHEZIT DD, B—F v RV U TEMBEDHENTOND Z EN
HDFET, 1DTE7IET NEREICTOFENGNE NV —HIRITESNET ., 1DD7 o MEEICT —FhR
WSEEOUT7ESHAEIENET. 7OET bEOREISITCPER TITVET . MsTT MIA—HEZITLVELD
(Elevell triggerMIE RNUAH—DBEIEITTY, FrUTL—>3> NS —DHEFHEELU Tlevel?2
triggerZREIERIFNUINTER A FIEIT R Elevell trigeerMEDNZHSEDEHIC. COT7—ALDT
7 TlEpiK flagEWDEB & levell trigeerlCHWVTAN TR ECIRDTVET . Flag ADWDEITNIEFEZLT
DI, % evel trigeerMFEITINET,

KI7—LADITICEFT—FURERENFELE I . HR-TDCELR-TDCICK D THESNIZEBBERE. MsTOFERHR
MNF—FEUVTEO>TEFT . AT 7—ADT 7> NIA—EREBETIN. T—FIREDHCEIHNENS ~U
H=AINBETT,

TOF window check is applied for all the hits
recorded in HR-TDC.

‘\\‘ e N I W Il F R R ~.

i MZN : Reczlvler Ke N

| : module Il L

! HRM : (RVM) | ]

! P - | !
| ; e SCH1 | . Clear
| : HR-TDC i !

TOF (32) | : Base — SCH2 | e——— nKflag
s | ) ] .

Mezzanine

- module I<—
Main in U \ .
N s e o s i
150 MHz
LR-MH-TDC MsT Register set
Result
SCH (64) L

Main in D

150 MHz .
I— LR-MH-TDC Event Builder

Levell

Figure 16: Mass trigger®JOw K,

BA=Z2DFv—b

K1.8E—AS- > Tnass trigeer®BAITDEME. ECWEES1—JLACfast clear®ERUARMER/IR T
TAEBZRSIETYT. KI.8E—ASA > TlEchained-block-transfer (CBLT) TWE/\R77 IR &TDTNE
I BHKT100 usD/ AP OCREENINMNDET, WEEZ 1 —)LHDnulti-event bufferZFALT. /N
AT OB & levell trigeer(CH T Bbusy(CEDHRNIRIFUTWVEITH, BENDbusyCThDESD1evell
trigger®L— A7 kHzB T2 DMSZBICDAGIENBLRDE T, TDKIOREER T (Emass trigeerZEALT
leve RFIEEMR TINATOCRDEERZRS UET,

MICBEIAZ2TFv—hERUET, Mass trigeer(FHR-TDCELR-TDCICcommon s top AN A D TeiE S EE
ZRBUET . HR-TDCNST —HFDERENEND EREERBUET . Mass triggerldmulit-hitEE2 TURET D/
B, CCETORBIEAZTY, LevelINSEBEERFBERCHERLZRZE N TDEHDIC usT: :Timerpreset CHAE
TORBEZEREUVET., SOT7—LATTT7/)I\—Z3 > TES00REDAETRMEZREIT D EAHRELTUNE
9o msT::Timerpreset (FFIETOTCRKIDEEEENB VD, BERBECHENMDOTULRMNOEEEE
MDno decision flagZM TIEDX THFIMIClevel2 trigger®HAUET . No decision flagh'SEEICIDHE
MST::TimerPreset (DENNETITETET,
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The period where v792 can accept the fast clear signal

Level 1 ~7 us from the gate signal

<
<

V792 gate

Hit search from Transmit data
ring buffer to HUL

HR-TDC < ><:>
LR-TDC < > Trigger

decision

Mass trigger <:>

Fixed latency (MST::TimerPreset)
= Busy of mass trigger Assert level2/clear
signal

Figure 17: BEULTWBlevell trigeerMSleve 2FIEEXFTDIA LFv— b,

s

o
»

#lEZO—

Level2 trigeerFlEDTIO—RZHIRUET ., RIOTEICENMM TVWB U MNIZHERECHITDITIST (B
FUREBES ) DIRRERUTWNET . FIEEELlevell trigeerZETHALETS,. TDCTOYINSHERETED
FIEEBNETF v RIVRILICEEUE T, msT: :Timerpreset (CIBEUEBNTZD/EE. pik flagzZZELT
WD BRUTFIETOCRNINRNTET UTCWBIHIDF TV IZITVET ., EE5SHEBIZLTULVRMES. no
decision flagZI T Tlevel2 trigeerZHAULET ., RICHR-TDCHSEE UTZIDCEN 70T REHICH DN E
DSHDFITVIZTVWET., 1D TEFEEINUEmass trigeer accept EERDL level2 triggerMEAETNET,
1DERWNEEclearfIEERD . BMEBEFRHENRZTE I . ClearfIEZ T ESNIZA R MIDAQTEE SR
B, DUTFUTNBDARY MY TIAEE T BIEHIC ust: :clearpreset [CIREURBICIE. BMEEZTTITT
heHUET, BEEBHENTENZE G consolation accept® I TITMIUB. level? trigeerDNHHEINE
9. WEEBRORGEHIRNEEfast clearMHIEINET,
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No decision

Accept

Clear

Consolation accept
Final Clear

Level2

Fast Clear

No decision

L T I
mPOoOROoOOOR

4.10 Mass trigger (TOF based trigger)

Receive L1 trigger
Start decision process

Gather data from
HR- and LR-TDCs.

Check TOF value for
each matrix element

Wait until the
TimerPreset time

[ag is receil
&

ision process is fini;

Clear

Accept

Clear

Consolation accept
Final Clear

Level2

Fast Clear

No decision

L T
o OoOrORO

Figure 18: Mass trigger®@#FIE JO—,

TOFDF7OtT MEBDIRE

Mass trigeer(CIF2FEEDTDCEFEREEITDOLZAINEFEELET,

Yes

onsolation
Accept
Accept
Clear
Consolation accept
Final Clear
Level2
Fast Clear
No decision

L I A
cororro

Accept

Accept

Clear

Consolation accept
Final Clear

Level2

Fast Clear

No decision

L T
corooor

Page 70

LRTDC: :WinMax ¢ LRTDC::WinMin . O

mezzanine HR-TDCD I« > ROIL X F(dcommon stop AAICH L TCEY MF—FZTDHEHEZHRELET. UL

BEDICI 7 —LDIFERKCTY,

MST: :WixMax (\_’_ MST: :WinMin (a"leve12$UE_C70‘Ej Ft@%ﬁﬁ’&%i

F£9, Mass trigger ClE32 ch®DHR-TDCAN E64 chDLR-TDCADBEDZR TN MUY ORICH U T, {THEXRE(IC
COLUSHEBEIDCENERET, YhIWIROAAM ST A NI —DRERIRC24-bitiBTESA
20482 T ML RAZHTABLTWNET,
[ UTIFAEZEITVEE A
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4101 LV A X~y 7
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LSRHHE PZRLR MHEE EwvbE e
Trigger Manager: TRM (module ID = 0x00)
SelectTrigger 0x0000"' 0000 R/W 12 TRMAIEBD hUH —R— hDEIRETS LS,
DAQ Controller: DCT (module ID = 0x01)
DagGate SO0 oo . ) DAQ gatedON/OFF. DAQ gateNO/Z&ETRMIEt rigeerZ®
HATERUN,
DT RLANESIAHERT DT ETEBOY T b
EvbReset 0x1010'0000 R/W 1 Uty 7Y — &M, Event builderREDTIL
TANRY SADAIN0ICTRD,
Ini tDDR 0x1020' 0000 W - DDR receiver/ AT CHIELERZITS,
CtrlReg 0x1030'0000 R/W 4 DDR receiverZHlfH T DD L TR,
Status 0x1040'0000 R 4 DDR receiverDRAT—HAL XA,
10 Manager: IOM (module ID = 0x02)
NimOut 1 0x2000" 0000 R/W S NIMOUTINAZ T DM ZEERET D,
NimOut2 0x2010"0000 R/W S NIMOUT2\a]Z H T DM ZERET D,
NimOut3 0x2020"0000 R/W S NIMOUT3Na]Z H T DM ZEERET D,
NimOut4 0x2030"0000 R/W S NIMOUTANE]Z H T DM ZEERET D
ExtLl 0x2040' 0000 R/W 3 extL1C EDNIMINE £#t T DNERE.
ExtL2 0x2050' 0000 R/W 3 extL2(C EDNIMINZ £#t I DNERE.
ExtClr 0x2060" 0000 R/W 3 Ext clearlC EDNIMINE R T DMEKE.
ExtBusy 0x2070"0000 R/W 3 Ext busy AJ(C EDNIMINZEZERE T DNERIE.
Mezzanine HR-TDCPIERMDcoarse countZ®'JtZw b3
kst 0x2090" 0000 R ; d/I\—=RUtzY MES. @%&ﬁ@mm’&ﬁ,ﬁﬂ Lz
WEEBICERTD. COBICEDNIMINZZERIT DH
FRIE-
Mass trigger(CITDMENISLS—TST XA,
PiKTrig 0x20A0'0000 R/W 3 Levell trigeer(CHBEWTAINSE D Elevel24E%E
15,
10 Manager: MIF-Down
MIF-DownH*Smezzanine HR-TDCOBCIANEIF TEET
Comnect 053000 0000 R ] OCRAZEIRT D, VIOTRITIHDE—RNES
IAFHIRDNGRH H UIRDHN T, AT DBCTAD T
DERFEMIDEDS Tk ERD TS,
MIF-Down(Cmezzanine HR-TDCAAMlocal address &
TAHR LRI EZNFIC—RKNICRET D,
Reg 0x3010"0000 R/W 20 e [19:8]: Local address
e [7:0]: Register valus
ForceReset 0x3100° 0000 . MIF-Down®mezzanine HR-TD(E/\§§$U Uty MESZ
7H— b DAQYBCTAY/\ D UTZSE(CHEAT D,
Low-resolution TDC: LRTDC
PtrOfs 0x4010"0000 R/W 11 AEHEZEE, 1—H —(FASRN,
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LSRHHE PZRLR MHEE EwvbE e
TR 00" 000d = 0 Ring bufferMs by hEHRIEFERDLRE, 1-
bit7'6.666... ns(CHH.
i dontin 0x4030" 0004 . . Ring bufferh5by hZRIEBEDTRIE, 1-

bit$'6.666... ns(CHH.
Mass trigger: MST
COLTZRYCENMIIEBICLE. RERETOET

ClearPreset 0x5000' 0000 R/W 7 YD END. OICRET DEMEBEFHEZITND
AN

o . sxsotlo-dood Rt 0 Levell trigeerZZfELTH S level? trigger/
merPrese

‘ i clear® N9 BETORIERHA,
- . . - 7ot NIBTOFEEO LREESXFET. T~

nMax X

e LSZAIDRTRICLSAIEBEET,

= oI NIBIOFEEDOTREESZET, T b
WinMin 0x5030'0000 W 24

LEZZAAIDETHNICLZSAIZEZTET,

Exec 0x5040" 0000 W - IR RAIZEIDST hEEET,
CDLZREANLCIRD EHEREEZE/A/IZALT
level2 trigger® AT BRDICIADET, KEgP
[C—BFRY (Cmass trigeer®/ A /KA UTZWE A (TH
AULZEY,

Bypass 0x5050"0000 R/W 1
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LSRISRI

LSR5 1E

"E

NIMOUTA L h A §EIRERES

Module busy C9 s Module busylEBEDAERbusyDHZIELET . J0

Reg_o_HoduleBugy Ol busDbusyTExtBusyld & ENF Ao
CrateBusy C 9. CrateBusyldmodule busylCHIZ TJIO busPDbusyt

Reg o CrateBusy 0x1 ExtBusyZEHE T, J0 busNRYDBECFAITDESCIRAD. £
JEHRMAY Trigger Module NSRS busyERE T,

Reg_o_RMLI 0x2 HRUDYZAE UTELL trigeer®HAUET,

Reg_o_RML2 0x3 HRUDYZAE UTELL trigger®HAUET,

Reg_o_RMClr 0x4 HRMAYZE UL trigger®H A UET,

Reg_o_RMRsv1 0x5 HRMAY 245 UTZReserve 1@ ULET,

Reg_o_RMSnInc 0x6 HRMA'Spill Number IncrementZ®HHAULET.

Reg o DagGate 0x7 DCTDDAQ gate®H A ULFET .

Reg o _DIP8 0x8 DIP SW2 8FEDLN)IL=Z=HHUET,

Reg_o_clkIMiz 0x9 1 MzpoOw IZEHULET .

Reg_o_clk100kHz 0xA 100 kHzopoOw o= ULET .

Reg o_clkl0kHz 0xB 10 kHzo>2OvOZHAUET,

Reg o _clklkHz 0xC | KHzo>2OvoZHAUET,

Reg o _clklkHz 0xC 1 KHzo>2OwoZ=HAUET,

Reg o Accept 0xD Accept flagZetH A ULET,

Reg o Clear OxE Clear flagZtH O UET,

Reg_o_ConsolationAccept OxF Consolation accept flagZtH A ULET,

Reg o FinalClear 0x10 Final clear flagZHAUET,

Reg o Level2 0x11 Level2 flagZHAUET,

Reg_o_FastClear 0x12 Fast clear flagZHHUET,

Reg o NoDecision 0x13 No decision flagZHAULET,

PIERESRAEID Y TRBERANIMINR— b

Reg i niminl 0x0 NIMINI B EZESENTHA > UET,
Reg i nimin2 0x1 NIMIN2 B &ZEBBEANT A UET,
Reg i _nimin3 0x2 NIMIN3BEZESHENT A UFET,
Reg i_nimind 0x3 NIMIBEZEBHENT A UFET,
Reg i_default 007 CHOLZAINFRESNITHBE. EEDT IJA)L MENZENTNDORW

BESHEARATNET,
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R EIOML XY DHEEDT—TILTT .

NIME hR— b NHL SRS

NIMOUT1 Reg o _ModuleBusy
NIMOUT2 reg_o_RMLI
NIMOUT3 reg_o_RML2
NIMOUT4 reg_o_RMClr

A ESK HNELSRS FIAIME
ExtLl Reg_i_Niminl NIMINI
ExtL2 Reg 1 _default 0
ExtLClear Reg_1_default 0
ExtLBusy Reg_i_nimin3 NIMIN3
ExtLRsv2 Reg_i_nimin4 NIMIN4
cntRst Reg i_default 0
PiKFlag Reg 1 nimin2 NIMIN2

4102HULED X1 v F - LEDD#ERE

DIP SW2Di4RE
HUL RMERHRT T,

LED R kT D#ERE
HUL RMERERTI,

4.10.3 DAQD EH1F

Mass triggerMS(ELR-TDCEHR-TDCOBIEER. BERUleve RFIEDHER ( TS5 ) IBSROTEET, Level24E
([FANR MBICTDEDH. leve RFIEZITD CTLDEBUSYIC/RADFT,
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BUSYDEF (FLL T (CHIEET BBUSYESDORICIADE T,

BUSY#& 5 BUSYE

mE

Self busy 210 ns

Ll trigeerZi&t UIZlREBMNSEERTI Y — b,

Y—FRE(CKTF

Sequence busy

Ring bufferM5Ew MEBRZRUTLDE. 9732105 WindowMax " -
“WindowMin 2 DBUSYW HHE HSNFET . Mass trigeer(T(ELR-TDCEHR-TDC
MMEETDEH. RVEDIMNERSINET,

Block full -

JOw )\ I 7 A ful LR D TEBRETRUSY S NET . L1 trigeer
L— MO EEBORBOT —FNEREZ LEZET7H— haNET, DF
DTCPERANNBEVNDNVRNBZER T DD T, EERICSITCP full &A%
t“a-o

SiTCP full -

SiTCPOTCP/\w T 7 HFull([CRB EHAETNET . Ry M D—OF =TT
U CEvent BuilderhEELLDETBDT—HIENZWNETH— hanzxE
3-0

o “MST: :TimerPreset”
Decision busy

Levell triggerZEMDSlevel2/clear i IE TDREBUSYICIRDFET,

[Ck%EF “MST: :TimerPreset ([CHKFEULET,

F—oHiE
Y SHI—R

Headerl (Magic word)

MSB LSB
| OxFFFF20D1 |
Header2 (event size)

| exFF | "ee" | OerFlow | "000"

| Number of word (12-bit)

Number of word(ET —HMRT+ (CEEFNDT— REZERUE T Number of WordldSub-headerad2T— Ro%xEE
HET, BROTREMEN2TT, Over flowlFHILEATIch TEBover flowF v RIS DEILBEET,

Header3 (event number)
|  exFF | HRM bit | "eee" |

Tag (4-bit) |

Self counter (16-bit)
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TaglZTRUDNS B H =ND4bi tDTagBHR T . TH3bitHARM Event Number®D F3EW b, 4Ew REHRM spill
numbe MR T EW bERDZET, Self-counter(FANRD MREZEITDENCA>IUA hENBlocal event

number . 0AUZ>2TY,

Data body
RVM data
| exF9 | "ee" | Lock | SNI

Mass trigger data

| Spill Num (8-bit)) |

| "o000'0000'0" | Mass trigger flag (7-bit)

| 0x2000

HR-TDC block

Sub-hearder

| ox8eee | "ee" | OerFlow | StopDuout | Through |
HR-TDC data

| Magic word (3-bit) | Ch (5-bit) | TDC (24-bit)
LR-TDC block

Sub-hearders

| oexFcie | "ee" | OerFlow | StopDuout | Through |
| oxFc2e | "ee" | OerFlow | StopDuout | Through |
LR-TDC data

| excc | "e" | ch (7-bit) | "eeeee" |

F—4RT « $BI8 Tldsub-header ([CHEWVWTZDEEDT —FHR> TEET,

Mass trigeer flag®PIER

Ev hES 759
0 No decision
1 Level?2
2 Fast clear
3 Consolation accept
4 Final clear
5 Accept
6 Clear

4.11 Streaming TDC

BEBH Ox11dc
A —)\—=3> 0x03
JAF—)\—=3> 0x05

EHE

N—>3>

UU—XH ZEER

v3.5 2021.4.
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EN{FiltE

CDIT7—ALDITT7Etrigeer-less DAQARICHAFESNIEAMNE MUH—&E U (SEFEM (CREBAEZITDIDCTCTI, |-
PARC MRODIEWVERD B UD2MEDE. 1 nsDBECRBAEZITDCEZEELTWNE T, Trigeer-less DAQTIE
JO> hI2 REREETRIH—ICKDANR MERIZETODRWZSD. ANETETETZHAXULPINT =L
BRZEFEITET,

HULIZtrigger-less DAQICHUNTdata streamingZfTDICIFT—HF I ORE— RBAF+25THD., Fle+22AE
UBBLTWERA, COT7—ADIT P ISEHREEREDREMELDIZOHCHRELUZAENRNTY ., SEHILT
(FCDT7—LDT7DREFEFHRGEE I . AMANEQE U\ Dtrigeer-less DAQAICHAFESINICEEE(CEIEMSTFET
T, Trigger-less DAQYOEES i H UICHEIRDHD D (FAZNELZZHFENNZUET,

CDELOBEENDDDT, TOIT7—ADIFPICIFHEBRNICEREUCHREECEFELETI., CITIIRABMICER
ZOREDDHRAITDZEICLET,
JoyomsiE

AA(Emain-inD LAIZFIALET. ZOEFN. TABAA. VETOAA. REILT — K AAZNIMINR— BHS4TLN
£, RIDCDF v RILEIE32 ch T TRARAANDBENDEE. main in UDAITDRDDCNIMIN2DNSDES
PEFLORILCEESNET. BRDEBEULDTFAMEEIMND ET—FL— I CICUIRE-—RELEES
DT, FAABCEL— MIEZEMFTTLEETU. VEIOAAFHIGHDBEAAEEZIYAIULET . AEILT—KED
BEESICHNK ANEBDRIRZE LIEWSEICHALTLIEEV. AEJLT — MMIET -PARCDEWVED H LD E)L
= hEBELUTVWET . AEJLY — M HIGHOIREDEIZLF. RTDCIET—HZEEELUET . ATDCIEIHMIC(ER
EILRS— b SDOBEZEGNICHDINTYT . TDEH. AEILT — MI2BBONT 2R BOFFD L S (CAHKIC
PO TLBRTENTHRICIAD TWVET,

BFEIETBIOn] ine Data Processing (ODP) block CITMONET, CCTANEESDIEENDELTOOBMIY D
BEZAEL. TYSRVZREDITET., OB TTine-Over-ThresholdDETE SN, A TODDRZBRIFHES
NnNE9. B, T—97— RAICIFIB EADEZETOMENEENET .

POV IETEFEF v oRIVB(THILICT —FUEEINET, Vital blockTlEFT—F/\AZIDICEESHE

F. T—=F5N)N\—=hE—- T —=FENDIEKRT—FDIBAZITVET . RNIDCDOI—RHDT> ME125 MHZz DL
Ow O TEFEI SN TWLD16-bi t T4 (heartbeat generator)lck >TSS, 500 ysBETLIEALFET. €
NUEDRESTHAUBERZITDEHIC, heartbeat method EWDHRZEEAL TULVET, Heartbeat generator/D
1AT3ZECT =% (Cheartbeat T —FEIFEAULE T, BT TldheartbeatT —FDEEHZ D LT, AEILR
H— M SDOREZEBER T D ENEEET ., HeartbeatT —FET—FHDE & S EXYIDDNE (CIHEA SR
[FNUFIRSTRNZSD. vital block(TlEtime frameDIINEBEZREDIFDI TR MBENTULET,

F—HL— MYSITCPORE — REBZ ZIBEDMNRE, =SICEHEUWVERIISZEmESRBLTEE0,
(R.Honda et al., PTEP, 2021)

Online data processing block Heartbeat
I generator
I
. y
TDC
(leading)
Main in U — '
Paring Vital block SiTCP
TDC | |
(trailing) | |
NIMIN2 H 32 A~
VETO Heartbeat method
NIMIN3 .
Spill gate
NIMINI [}
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Figure 19: Streaming TDCOOT O X,

Streaming TDCHH#%

TDCHS 0.97... ns
ERABIT—-FRE 3
&/N VLR IR ~4 ns
&AJVULRIE 150 ns

ATy SO EEE  ~7 ns

4MA VI RE~ Y T

TOT filer&time-walk corrector(ECDUCD P TIEFHBE L TCWLWEEA. BUAATIEEEISENIMERA T
=L\,

LSRH#E ZRLA GHEE  EvNE e
DAQ Controller: DCT (module ID = 0x0)
SelectTrigger 0x0000' 0000 R/W 12 DAQT — I EEZBA T BDIdDT — b,
Online Data Processing block: ODP (module ID = 0x1)

EnFilter 0x1000'0000 R/W 1 TOT filterDHEBEZBIMCLET,

- 0x1010° 0000 R g TOT filter® FIREEZRELF I, CDEXDTOT
MhENWET A)LI—ENFET,

VaxTh 0x1020° 0000 R . TOT filterD EREEEZRELF I, CDEXDTOT
PREVWETAII—ENET,

EnZeroThrough 0x1030"0000 R/W 1 TOTEFO/= 2zt b (ETDI\yy?\‘%DD\BH
mMoflzewv ) #2745 —URRVWKDICLET,

TuCorr0 0x1040° 0000 R : ";i_me-walk correctorFABODMIEEZERE LR

TuCorrl 0x1050" 0000 R . ";i_me-walk correctorDFRIF I DMIEEZRELE

TuCorr 051060 0000 O g ”;me-walk corrector®FEF2DFIEEZZE LU E

TuCorra 0x1070" 0000 R g ’;i_me-walk correctorMEFIDMIEEZRELF

TuCorrd 0x1080° 0000 R g ';i_me-walk correctorDFABADMIEEZERE LR
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41M2HULED A A v F - LEDD#RE

DIP SW2D#EE

1

SiTCP force ONTSITCPOFT IAILME—RTEBLET., SREEBAFICHREL TLIHEN
default HDFET,

2 Enable test in ONICT D ENIMIN2AEF v RILD A CEHRESNET,
MDA Z > =8 UTZBROEEERHDEY N TT . BEFOFF (0)ICEREL
ESC
e Obll: Master
3 MCD mode bit-1 e 0bl0: Repeater
e Ob01: Slave
e Ob00: Stand alone
. MDA Z > =8 UTZBOEEERHDEY N TT ., BEFOFF (0)ICEREL
4 MCD mode bit-2 £
Enable signal ZDEw I\b“ON?’:“&\_Tﬁﬂd)x*f:/:lii’\O’S’/\)\jﬂ%%G);l E-—ndhEn
5 F9, BDOEBTEESZREVZVWECRALET, DILAYTZ>H— RETA
O XTI zOY MEDFFT RS,
6 Not in Use
7 Not in Use
8 Not in Use
LEDRXTOD#EEE

LED1 ST B IETCPERRN R BN TLET,

LED2 HEELUTLER A

LED3 KA PEREINT — BAANHIHTH D EERUET,
LED4 HEELTLER A
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NIM-IONDES 7 B>
Streaming TDCICIXTIOMMMETE LIRWLNEZSD, AHBHDTHA > EEZ BRI TEEEA.

NIMIO "E
NIM-IN

NIN-INI1 ZEIG =B AA.
NIM-IN2 FTABAA,
NIM-IN3 VETOA A,

NIM- IN4 REA

NIM-OUT

NIM-OUT1 KEA
NIM-OUT2 KEA

NIM-INHEAASNZREIS — bDOE—t . VOV IREBZR LEDESDIHIEL
MO Z2JFEFLESNTNS,

NIM-OUT4 RAE A

NIM-OUT3

4.11.3 DAQD &)1

Streaming TDCldtirgger-less DAQCHEAIT DT EEBRELTWLWDESH, T—FWMBORIH—EWDSEREEEL
FRA. THIEZTTDOEMNRID EFPGARNEICRY ND—D(CF—FEZRELRD ERFDIzH. PCflFsx(C
T—HEBHIHETOVRNEWTEFBA. FPOANT —FZH N T DR ERDIDNETHILTWDIETY, 1.
TCP connectionMRIZLTULVB. 2. DAQ gateDNONICIRD TULVB. 3. Spill gateMON (NIMINIDESHHIGH Cdd
D)o AWEEATIRCIE. LREIEFZBOBEDCNETDC EEHEDULET, DAQ gateNONTspill gateHONIT
12BEPTOYOEET—FHZERIELET. CORKQTTCPERNEILL TLVRWERE/\Y T 7 (LT -5V
E0HITTLLED. Ny TIPS TUEDAREENSDDET ., TCPEHTE I L TH SRBCPTDAQ gateZ0ON
[CuT<LrEE0,

F—HEE

Streaming TDCD1T— R(F40-bit TY . ZFITWMOIET—FEZTDEFE int32 t 2 intes t ([CFFANTERD
T, VIBMITFPORMIEITRLUTLIZEV . AFWC(Espill start, TDC data, heartbeat, busy, spill end®5
BEOT—INFEULET. TNTNEEDIE Y N TEBINTEETT . HeartbeatT —%4 (Fheartbeat (time)
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frameDFE (THEHEAESIL spill startMSEEEDheartbeat THDIMERIT DI A —DNTAL16-bit (CEESHAFEN
TWEY., BUvital blockDIREN busyE— RDIB A (C(EheartbeatT —FDRDD (ChusyT —IMiE>TEFE
9,

Spill start word

MSB LSB
| ox1 | RSV (20-bit) OXFFFF |
TDC data

| oxD | 'e' | TOT(8-bit) | Type(2-bit) | Ch(6-bit) | TDC(19-bit)

Heartbeat data

| OxF | RSV (20-bit) | heartbeat number (16-bit) |
Busy data
| OxE | RSV (20-bit) | heartbeat number (16-bit) |

Spill end data
I ox4 | RSV (20-bit) | OXFFFF |

TDC datalCEFENDtypelFBIREBALEELTOERA. BEDIDC dataTHNUL 00 TI ., TDIEMNT 01 &
10 D)= HDFEITH., CNSTHOREBETDT—FIFERL TS0,

BusyE®—R

FPOANSERIE UL D ET BT —HENT—HF U IDAE— REBZ D EEEMNBLMINRIRD . FPGARERD/ \y
T7aNET. ZORDIIRRICFVIED &L vital block(FBEDEIEE— RN SbusyE— RANIKEZ BB =
BEIRERAFET ., Streaming TDCT(Etrigger® IEHDIZHDBUSYESIEIFEELUFEFFAN. busyE— RT(busy

F—S M heatbeatT —FDRDD(CIENDELDICIRADET, BusyT —FIMRD TE/cheartbeat 7L —ATIET—
BHRENRETVNEIN, EDF—FEENZITEELENEIDMNDERA. —HEEEETOT—INTELT
WBEWDSZERITHDMDET . —BbusyE—RICBITIDEREITL—LAEBIRIDEHICHELLFET, B
[CEHELULWEECDOVWTREEE M ZESR U T ES),

F—HDIAT

Streaming TDCANBHE A SND T —HFDHEOERFEE L(CRUEYERITTIUET . Spill gateDILBENDER
HIBDEFET spill start dataMHASINET . RICHE#Dheatbeat framePIDTDC dataM e, frameDEER(C
heartbeat (busy) dataPMBEASZINET . Busy datahhiEo> CEEBEEZ Y frane TET —HTENREETTLET,
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Time
( Spill start data___ Spill start data indicates the start position of the data set in a spill.
( TDC data 0 )
TDC data 1 . .
[ = ] TDC data generated in the first heartbeat (time) frame.
*Note that the TDC data are not sorted.
( TDC data i )
[ Heartbeat data 0 ] The heartbeat data provides the boundaries of the heartbeat frames.
[ TDC data 0 ] } TDC data in the next heartbeat frame.
[ Heartbeat data 1 ]
} Busy data indicates that some or all the TDC data were discarded in
[ Busy data 2 ] this frame.
( TDC data j )
[ Heartbeat data N ]
[ Spill end data ] Spill end data indicates the end position of the data set.

Figure 20: Streaming TDCO'SHAETNBFT—FDIVE
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5. For developers

This chapter provides information for FPGA firmware (FW) developers.

Since HUL uses Kintex7 for its FPGA, it is recommended to develop the firmware using Xilinx Vivado. The
installed FPGA, Kintex 7-160T has the size that can be handled Vivado Design Suite WebPACK, without a

paid license.

The Xilinx development environments, including Vivado, are released basically with known bugs.
Therefore, you should actively update when a new version of Vivado is released, however, when to do so
could be an issue. According to Uchida-san (KEK), Vivado i1s much more stable in version upgrades,
compared to the old ISE, and it is probably a good idea to migrate to a new one unless a critical bug
is reported. However, I would not recommend to upgrate during a critical development; the synthesis
result may change in circuits with critical adjustments. Therefore, I think that the basic policy is to
actively update the version of Vivado, only when there is no firmware that has not been confirmed to

work.

Vivado consumes a lot of memory during synthesis. It 1s desirable to have at least 8GB of physical
memory, and 16GB or more when running multiple RUNs at the same time. Also, complex firmware takes a
long time to synthesize. For example, the HUL MH-TDC consumes 3 GB of physical memory and takes 30
minutes on a ThinkPad X230 (with Core 17-3520M (2.9 GHz)) from logic synthesis to completion of
placement and routing. There is a trade off between the mobility and the CPU power/ memory size, which
1s the only factor to determine the synthesis speed. The best option could depend on the individual
cases. Xilinx development tools are primarily intended to use with the CUI, and Vivado can also control
the synthesis flow with a scripting language called TCL. Therefore, if you write Makefile etc., it is
possible to process jobs in parallel on the Linux server. The firmware size is not comparable to the
time of TUL, so it is not recommended to use a cheap laptop.

5.1 Vivado project to be used

item comment
targe FPGA xc7k160t fbgb76-1

VHDL
The language described in the template when the IP is generated.

Language Since Hardware Description Languages (HDL) can be mixed, additional code may be
written in other languages, such as VerilogHDL. However, existing modules need to be

wrapped in the common language.

Default library mylib

Synthesis . .
Vivado synthesize Default
strategy

9.1.1 Naming rules

If you intend to upload the FW to hul-official on Gitlab, please align the name with the author's

naming rule.
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5.1.2 IP generated using SiTCP or IP catalog

SiTCP is the library provided by Bee Beans Technologies. Ltd. Details may be found here.

Since SiTCP 1s

a library provided by a company, it is not included in the FW on gitlab. After cloning,

create a directory called SiTCP as shown below, and add the library files into it. The HUL project is

set to go to a directory called SiTCP, so if you do this before opening the XPR file in Vivado, you

will get no errors. The SiTCP directory is excluded in .gitignore. Please note that FW cannot be merged

into hul-official, 1f 1ts SiTCP library i1s accidentally included in git.

HUL_Skelton.git

— HUL_Skelton.
F— HUL_Skelton.
— HUL_Skelton.
F— HUL_Skelton.
— HUL_Skelton.
— HUL_Skelton.

L— siTcp

cache

hw
ip_user_files
runs

sim

srcs

A function called IP core container has become available from Vivado for IPs generated by IP catalog,

but the file size i1s huge because it is an archive of IP products. Do not use the core container in the

HUL FW as 1t will overwhelm the Git repository.
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5.2 Structure of HUL firmware
5.2.1 Top level entity ports

This section describes top level entity port, namely FPGA lead contacts.
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Signal name Signal spec. Comment
CLKOSC LVCMOS33 50 MHz clock input from the oscillator on the board.

When this signal goes low, the FPGA reconfigures itself
from SPI Flash. It is a powerful command equivalent to

turning the power on / off.

PROB_B_ON LVCMOS33 i ! .
Normally this signal should be high. Note that the
configuration will not finish normally, unless the high
state 1s maintained after the power 1s turned on.
User I/O
It 1s connected to four LEDs mounted on the top of the
LED LVCMOS33
front panel.
This 1s the input signal of the DIP switch. This signal
has negative logic and is electrically as shown in the
DIP LVCMOS33 ) o
figure below. Remember to set the IOB pull-up as it is
required to create the High state.
It is a pulse input of about 1 ms when SW3 is pressed.
USER_RST_B LVCMOS33 ) ) ) . .
This signal is negative logic.
NIMIN LVCMOS33 NIM input signals of the front panel
NIMOUT LVCMOS33 NIM output signals of the front panel.

PHY/EEPROM

The signals categorized in PHY and EEPROM must be kept the same as in the sample project. Also, SiTCP
should be implemented in all projects to avoid uninitializing the PHY.

Differential inputs on board

Fixed signal input line on the front panel, upper
MAIN_IN_U LVCMOS33
connector.

Fixed signal input line on the front panel, lower
MAIN_IN_D LVCMOS33
connector.

Mezzanine slot

It is a signal line connected to the upper side of the
mezzanine base connector. The signal standard and input
/ output direction of this signal line are determined by
the mezzanine card. Since these signal lines are wired
to the HP bank where VCCO is 1.8V. Therefore,
differential signals and single-ended signals up to 1.8V

differential and single-
MZN_SIG_Up/n end signal up to

VCCO=1.8V .
are supported; use the LVDS signal standard unless you

have a specific need for others.
The firmware developer should properly handle the input,

output, bidirectional and/or floating or pulled up/down.

differential and single-
MZN_SIG Dp/n end signal up to As above.
VCCO=1.8V

JO bus signa
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Signal name Signal spec. Comment

Reading port of JO bus S1-7. HUL controller uses this
JORS LVCMOS33 line when i1t 1s a slave to JO bus. Trigger and Tag
information are received from MIM through this line.

Writing port to JO bus SI1-7. HUL controller uses this
JODS LVCMOS33

line when it i1s the master to JO bus.

This port reads the Cl1-2 signal of the JO bus. JOC line
is for BUSY processing only. On the JO bus, Low is BUSY.
JORC LVCMOS33 Since Cl and 2 should have exactly the same signal, use
the OR of Cl and 2 in the module. This line is used when
the HUL controller is the master for the JO bus.
This port drives the Cl1-2 signal of the JO bus. The JOC
line 18 an open collector OR, and low indicates BUSY.
JODC LVCMOS33 Feed the appropriate signal characteristics to Cl and 2.
This signal line is used when the HUL controller is a
slave to the JO bus.

VCCO

DIP 10B pullup
On Off

[]

v In FPGA

Figure 1: Circuit diagram of DIP SW

5.2.2 SITCP

SiTCP core requires two types of clocks. One is the system clock, which is synchronized with SiTCP to
send and receive TCP and UDP data. The system clock has a lower frequency limit: for 100MHz, minimum 25
MHz and >30 MHz recommended, and for 1 GbE, minimum 125 MHz and >130 MHz recommended. The other is the
clock for data communication with the PHY. At 100 Mbps, connect the tx clk sent from the PHY. For GbE,
connect a 125 MHz (gtx clk) clock generated inside the FPGA. Gtx clk should be 125 MHz with high
precision. The PHY used by the HUL controller allows only +/-100 ppm.

5.2.3 Local bus controller

The author reuses the source code written by Ajimura-san (RCNP) for the Local bus controller (BCT). BCT
1s the bus interface (Local Bus) managing the local modules inside the FPGA, independent to the raw
timing and data lines of the external interface (External Bus). Since External Bus has various timings
and data lengths depending on the communication method, BCT absorbs these differences, so that the
reusability increases for the source code after the Local Bus. In addition, implement of additional
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modules requires only a small amount of code changes. The BCT of firmware and FPGAModule class of the
software are paired, and are included in the common library of HUL. We encourage you to keep using them

in other projects as well.

The BCT bus communication sequence is shown in the figure below. The starting point for BCT to start
the bus communication cycle is when the WE or RE of the external bus (SiTCP RBCP) becomes high. The
external bus should have the valid addresses and data, so they are stored in BCT. At this time, the
information received from the external bus is relocated for the local bus. The relationship between the
External bus address and the local bus module ID and local address is as shown in the figure below.
From the software side, the RBCP address rearrangement is not seen. BCT uses GetDest to determine from
the module ID whether this communication is intended to internally processed by BCT or connect to
another module in the FPGA. When BCT is the target, i1t may change PROB B ON status, issue an reset, or
get the FW version. If another module is the target, the index of the connection is determined from the
module ID. As the next step, SetBus broadcasts the address and data to the local bus, and Connect
activates only the WE or RE of the specified index. BCT will wait for a response from the module
specified by the index. The connected module starts processing the bus cycle when i1ts WE or RE becomes
high. After performing appropriate processing, set ready to high and request the BCT to end the bus
cycle. When the BCT receives ready, it enters the termination process and finally returns an

acknowledge to the external bus to end one communication cycle.

Local Bus (Bus Controller)
re_ExtBus

| -
we_ExtBus

Latch RBCP address and data

Local module

Decide the target

SetBus

External Broadcast address and data
Bus Local module
(SiTCP) Connect &, >

Do something when RE (WE)
is high.
Return READY signal

Enable RE or WE
Wait READY signal

Finalize

Data from local module is valid Local module
when the read mode

Acknowledge E—
<
Close local bus
Return acknowlege
Figure 2: Flowchart of BCT function
Local bus controller address map
Module Local bus
ID address
I | | Not in use
MSBI Abit | 12bit | 16bit LSB

RBCP address (32 bit)
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Figure 3: Address map of BCT

Multibyte read (write) on Local bus address

When reading via Local Bus, only 8-bit can be read, so if it 1s a 4-byte register, it 1s necessary to
perform RBCP communication four times. In HUL, the upper 8 bits of the 12-bit local address are used to
identify the register, and the lower 4 bits are used to indicate the number of bytes. For example, if
there are 16-bit wide registers A and B in a local module with a module index of 0x8, the BCT and RBCP
addresses will be:

BCT address  RBCP address comment
0x000 0x8000'0000  Register A Byte-1 (Lower 8-bits)
0x001 0x8001'0000  Register A Byte-2 (Higher 8-bits)
0x010 0x8010'0000  Register B Byte-1 (Lower 8-bits)
0x011 0x8011'0000  Register B Byte-2 (Higher 8-bits)

An example of HDL of a local module when reading multiple bytes.

when kReadLength(kNonMultiByte'range) =>
if( addrLocalBus(kMultiByte'range) = klstbyte) then
reg_length_read(7 downto @) <= datalLocalBusIn;
elsif( addrLocalBus(kMultiByte'range) = k2ndbyte) then
reg_length_read(kWidthRead-1 downto 8) <= dataLocalBusIn(kWidthRead-1-8 downto 0);
else

end if;

The FpeaModule class included in the hul software packages supports multi-byte read / write, and the

lower 4-bits of the BCT address are automatically incremented.

5.2.4 Adding a module to Local Bus

Change the following if a module 1s being added:

Variables in defBus.vhd

item comment
kNumModules Number of modules except BCT itself

ID starting with "kMid"
Module ID This parameter turns to the RBCP address. There i1s no need that the address is

continuous.

Leaf ID to specify the index on Local bus
ea
The number has to be continuous.

BusController.vhd
Add a when structure for the additional module, in the else structure of GetDest state of the state-

machine.

toplevel.vhd

Module body is conected to LocalBus. Index of the array specifies the new Leaf ID.
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6. Software

This chapter describes Linux software for control.

Environment for Development

e CentOS7

e gcc version 4.8.5

The source code for HR-TDC depends on CERN ROOT, because it creates a ROOT file. In an environment
where ROOT cannot be installed, exclude HR-TDC from the make target.

Direcotry structure

"CoreLib" provides the common library used by this software package. "Common" provides programs to
control common elements in each firmware, such as SDS and FMP control. In addition, the source code
dedicated to each firmware exists in the directory with the FW name.

hul_software.git
— Makefile
— corelLib

I— Common

L— FW directories

6.1 Source files

The source files may be categolized as

e library-like files that should be copied as they are when porting to other data acquision (DAQ)
systems,

e files that can be written in any way as long as they work, and

e files that are for debugging and do not need to be ported.

Only the first category will be explained.

All executables are designed to display usage when started with no arguments.

CorelLib

Irbcp.hh
The structure of the RBCP packet. Do not change.

IUncopyabIe.hh

A method that prohibits copying constructors and assignment operators in user-defined classes. This
implementation is old, and the standard features of ¢ ++ nowadays may do the same; this will be
eliminated in the future.

IBitbump
This class returns a bit string to the standard output when an integer value is given. It was
originally used in Unpacker, and used in UDP RBCP. Useful for debugging.

Jutitity

Shows a progress bar or blinks text on the console. Used in the Flash Memory Programmer.
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JupPrBCP
It 1s the class for UDP communication of SiTCP and is an important source code. The constructor
requires an IP address, upd port, and the last argument is display mode, defined in UDPRBCP.hh as

an enumeration called RocpbebugMode .

e ‘NoDisp™ displays nothing during UDP communication.
e “Interactive” displays some information about the operation.

e " Debug® displays all information available.

For usual use, wopisp will be fine. UDPRBCP provides the low-level UDP communication in SiTCP. HUL
may be controlled with this class, but primitively.

[FPGAModule
This class provides BusController (BCT) level communication function. The constructor takes a
UDPRBCP as an argument to include UDPRBCP. Its main function is to support multi-byte reading and
writing through BCT.

int32_t WriteModule(const uint32_t local_address,
const uint32_t write_data,
const int32_t n_cycle = 1);

A method to write a register. The first argument is the RBCP address. See the register map in Chapter 4
and RegisterMap.hh described below. The second argument 1s the register value to write. The third
argument is the number of bytes be written. The return value is the result of ubpcerecP::DorBCP . This
function is overloaded for 32-bit and 64-bit registers. The range in which n cycle can be taken is
1-4 (up to 4 bytes=32 bits) and 1-8 (up to 8 bytes = 64 bits), respectively.

uint32_t ReadModule(const uint32_t local_address,
const int32_t n_cycle = 1);

A method to read a register. The first argument 1s the RBCP address. The second argument sets the
number of multibyte to read. The read result appears in the return value of the function. Independent
to n_cycle value, the return is in the type of wint32 t . This function is also overloaded for 32-bit
and 64-bit.

int32_t WriteModule_nByte(const uint32_t 1local_address,
const uint32_t* write_data,
const int32_t n_byte);

A function for writing multiple bytes to the same address. This function does not increment the address

on every write. The assumed write destination 1s FIFO.

int32_t ReadModule_nByte(const uint32_t local_address,
const int32_t n_byte);

A function for reading multiple bytes from the same address. This function does not increment the

address on every read. The assumed read source is FIFO. The read data i1s stored in a class variable
called rd data . Get the iterator with GetDataIterator to access the data.
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ISiTCPControIIer
A function to directly access the reserved area of SiTCP. EraseEEPROM is a function to erase all
EEPROM. Functions for reading and writing to the EEPROM area are not developed because they are

dangerous. Using the SiTCP Utility (Chapter 3) 1s recommended.

void ResetSiTCP(const std::string ip)

A function to soft reset SiTCP.

void WriteSiTCP(const std::string ip,
const uint32_t addr_ofs,
const uint32_t reg)

A function to write a 1-byte register to the SiTCP reserved area. The address starts from Oxffffff0o0,
and the offset from there is specified by addr ofs . The EEPROM area cannot be accessed by this

function.

void ReadSiTCP(const std::string ip,
const uint32_t addr_ofs)

A function to read a 1-byte register from the SiTCP reserved area. addr ofs has the same meaning with
WriteSiTCP.

void EraseEEPROM(const std::string ip)

A special function for erase all EEPROMs. The SiTCP license file will need to be rewritten, because IP
and MAC addresses and license information will be erased. This function is used to solve the problem
reported in the SiTCP community of BBT, titled: "Once a TCP connection is established, it cannot be
reconnected for a while". See the relevant thread on the BBT web page for details.

Common

The controlling finctions for FlashMemoryProgrammer (FMP) and Self Diagnosis System (SDS) are
collected. Since these are common parts of HUL's FW, the registers and register address are stored in
RegisterMapCommon.hh . In the following, behavior of major functions are explained, as they provide

examples of control on HUL.

Iasseﬂ_bcﬂeset

Asserts soft reset signal BcT::Reset in the FW.

Ierase_eeprom
An executable that calls the EraseEEPROM of SiTCPController.

heconﬁg_fpga
An executable that actively reconfigures the FPGA from SPI flash memory, as usually happens when
the power 1s turned on. This program is used when the FPGA received a radiation damage, or a new
MCS is downloaded to the SPI flash memory using FMP, etc.

head_xadc
Access the XADC interface in the SDS to get the FPGA temperature, VCCINT voltage, and VCCAUX

voltage.
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head_sen1
Access the SEM interface in the SDS to read the number of single event upset (SEU) corrections, the
SEM's status (watchdog), and whether uncorrectable radiation damage has been detected
(uncorrectable). The number of SEU correction returns to O by issuing reset signals higher than or
equal to the BCT reset or accessing for write to SemrstCorCount . If "Uncorrectable" flag is set to
1, the FPGA needs to be reconfigured.

Ireset_sem
Assert a soft reset to SEM.

Iinject_sem_error
Use SEM to artificially generate a SEU for debugging. Since DRP is used to access SEM, more could
be done with SEM. See Xilinx PGO36 for more information.

Iflash_memory_programmer
A program to writie a MCS file to SPI flash memory via SiTCP. It converts the MCS (text file) to

binary, check the SPI memory model number, memory erase, program, readback and verify in order.

bncs_convener

A program to convert a MCS file to a binary in advance.

Icheck_sm_devhe
Check the model number of the SPI flash memory on HUL. Use it when you don't know what's on board

Iverify_mcs

Read back from SPI flash memory and check for consistency with the specified MCS file.

6.2 Programs for each FW

Most FWs only implement the debug and dag executables. dag 1s an executable to acquire data. It is
a sample code of data acquision (DAQ). RegisterMap.hh contains the FW-specific register address and

registers. This section describes FW-specific programs.

IDaunncsxc
This 1s the collection of source codes for DAQ. It is probably better to use the ConnectSocket,
Event Cycle, and receive functions as they are. Also, SetTdcWindow in MH-TDC should be as it is.
Basically, the flow one RUN is, configuring the measurement block, open the gate with DCT, keep
calling EventCycle, and close the gate with DCT when acumulation is over.

Since the buffer in HUL is flushed by calling EventCycle until 1t times out after closing the Gate,
be sure to perform while (-1! = EvenCycle) processing. Otherwise, events remained in the previous
RUN may be returned at the beginning of the next RUN.

Idaq
Read data from the HUL. Give the IP address, RUN number, and number of events as argumentsa as
follows ./bin/dag [ip address] [RUN no] [# of events] . The output file will be created as data/
runl.dat 1in the data sub-directory of where the command was issued. So, the programs is expected
to be run under each firmware directory, where the data sub-directory has been created by make
command.

During data aquisition, read data are displayed once in some events for debuging.
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6.2.1 HR-TDC

Jinitialize
Initialize the DDR receiver and calibrate the LUT for the estimator using the calibration clock.

Must be run once after the power is up.

Idecoder
A decoder provided for debugging. Give the RUN number as follows ./bin/decoder [RUN no] , the
program reads a data from the data directory and reate a rootfile into the rootfile directory.

The programs is expected to be run under each firmware directory.

The structure of TTree Branches

Branch name Description
through Indicates register setting for “TDC::Through® in mezzanine HR-TDC. Index O and 1
correspond to slot U and slot D, respectively.
Stop out Indicates register setting for “TDC::StopDout” in mezzanine HR-TDC. Index O and 1
- correspond to slot U and slot D, respectively.
over flow Indicates over flow status stored in sub-headers. Index O and 1 correspond to slot

U and slot D, respectively.

Decoded common stop TDC data.

Fine count (lower 13-bit of TDC data) for common stop data. It's avairable when

stop_fine_count
TDC: :StopDout is true.

stop_estimator Estimator value for common stop data. It's avairable when TDC::StopDout is true.

Coarse count (upper 11-bit of TDC data) for common stop data. It's avairable when

stop_coarse_count
TDC: :StopDout is true.

common_s top TDC value for common stop. It's avairable when TDC::StopDout is true.

Decoded data for leading edge measurement.

num_hit The number of data for leading the edge measurement.

num_hit ch The number of data in each channel for leading the edge measurement.

channel Channel number for the decoded data word. The index number indicates the order in
which they were decoded.
Fine count (lower 13-bit of TDC data) for the TDC data word. It's avairable when

fine_count TDC: :Through is true. The index number indicates the order in which they were
decoded.

estimator Estimator value for each TDC data word. It's avairable when TDC::Through 1s false.

The index number indicates the order in which they were decoded.

Coarse count (upper 11-bit of TDC data) value for each TDC data word. The index

coarse_count o .
number indicates the order in which they were decoded.

) TDC value for each TDC data word. The index number indicates the order in which
tdc_leading
they were decoded.

Decoded data for trailing edge measurement.

L TDC value for each TDC data word. The index number indicates the order in which
tdc_trailing
they were decoded.

Branches starting with 't' are decoded data values for the trailing edge measurement.
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/. Practical Usage

In this chapter, a few tips are introduced, which are good to know when using HUL.

7.1 Generation and download of MCS with
Vivado

Generation of MCS

How to generate MCS using Vivado is explained. An alternative tool, iMpact, is omitted, because few

people use it.
Open the project in Vivado and select tool — Generate Memory Configuration File. Fill information as

in Figure and press OK to generate MCS. This screen shot is taken from Vivado 2020.1.

As of 2021, there are three kinds of SPI flash memory used in HUL. Each should be configured in Vivado
as follows.

IC on board Manufacturer Part ID on Vivado
N250128A Micron mt25q1128-spi-x1_x2_x4
MT25QL512 Micron mt25q1512-spi-x1_x2_x4
S25FL256S Spansion $2511256sxxxxxx0-spi-x1_x2_x4

Create a configuration file to program the device

’
Format: Mcs v
(® Memory Part & mt25q1128-spi-x1_x2_x4 Select SPI flash memory part [+]
(O Custom Memory Size (MB):
Filename: C:lleianivadoNivado_proleulHUL_HRTDC_BASEAgitIHUL_HRTDC_BASE,mcslhul_hrtdc_base_v37_n25q12Ix,mcs \Z\
Options mcs file to be generated
Interface: = SPIx1 v

Load bitstream files [ Daisy chain configuration file

Startaddress: 00000000 = Direction: ' up v | Bitfile: ' projectHUL_HRTDC_BASE.gitHUL_HRTDC_BASE.bithul_hrtdc_base_v3.7.bit E I

Source bitstream file
() Load datafiles

Start address: | 00000000 Direction:  up ~ | Datafile:

(7)) write checksum
(") Disable bit swapping

Overwrite
Command: {UL_HRTDC_BASE.bithul_hrtdc_base_v3.7.bit" } -force -file "C:/Xilinx/VivadoNivado_projectHUL_HRTDC_BASE.gitHUL_HRTDC_BASE.mcs/hul_hrtdc_base_v3.7_n25q128.mcs"

®

Figure 1: Generation of MCS

-96/100 - Open-It HUL project



7.1 Generation and download of MCS with Vivado Page 97

How to download MCS by Hardware manager

Connect the JTAG cable with the HUL powered on. The LED of the download cable will turn green, if
correctly connected. If it stays orange, the USB connection may be taken by the client OS, if virtual
machine is used on PC. With the green LED on, access the FPGA with "Open Hardware manager" — "Open
target" 1n Vivado. Kintex7 (XC7K160T-1) should be discovered. If you want to write a Bit stream file,
right-click the FPGA, assign the Bit stream file, and write 1t. MCS file should be downloaded to the
SPI flash memory, however, the memory will not appear on the screen at this point. This is because the

SPI flash memory does not exist yet on the JTAG chain.

To make SPI visible, add the configuration memory device. Right-click on the FPGA and select "Add
configuration memory device". A screen like Figure will appear, select the appropriate device in the
Memory Device (MCS has to be created accordingly). Select both MCS and PRM files, and leave everything

else as default. Then OK to write; 1t takes about 10 minutes to write.

A Program Configuration Memory Device X

Select a configuration file and set programming options. ’

Memory Device: {8 mt25q|128-spi-x1_x2_x4 IZ‘

Configuration file: Skelton.mcs/hul_skelton_v3.0_n25q128a.mcs \Z‘

PRM file: skelton_v3.0_n25q128a.prm |B

State of non-config mem I/O pins: | Pull-none v

Program Operations
Address Range: Configuration File Only v
Erase
(] Blank Check
Program
Verify

(") Verify Checksum

SVF Options
() Create SVF Only (no program operations)

SVF File

[ower ] [ ]

Figure 2: Configuration Memory Device

For N25Q128A

Micron's N250Q128A is the chip selected when designing the HUL, but it has been discontinued. The latest
version of Vivado does not support this chip anymore. However, N25 series is internally compatible with
the MT25 series, which is the successor chip. When generating the MCS for N25, select mt25ql128 and
make 1t as MT25QL. Also, when downloading use the setting for MT25QL.
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For MT25QL512
In late 2017, the mass-purchased board changed the SPI flash memory to MT250QL. When generating MCS
file, Figure select mt25ql512_spi-x1_x2_x4 for this SPI memory. In Hardware manager, select the same

for memory devise in Figure.

For S25FL256SAGNFI001
Since 2018, SPI flash memory chip is changed to Spansion S25FL256SAGNFI0. Select $25fl256sxxxxxxXx1-spi-

x1_x2_x4 when making MCS and downloading it by Hardware manager.

Failure of FPGA initialization when JTAG is connected, Hardware manager is up and HUL is powered on
You will encounter this problem if you turn on the power with the download cable connected while the
Hardware manager is running and the JTAG server is open. Even if the Hardware manager 1s running, it

can be avoided i1f the server 1s closed.

7.1.1 MCS download to Mezzanine HR-TDC

As of 2021, the mezzanine HR-TDC has two types of flash memory, as described in Chapter 2. Please

select the following part number when generating MCS and downloading.

IC on the board Manufacturer Part ID on Vivado
N250Q128A Micron mt25qul28-spi-x1_x2_x4
MT25QU256A Micron mt25qu256-spi-x1_x2 x4

7.2 MCS download via SiICPT by FMP

MCS may be downloaded to SPI flash memory via the network (RBCP) by using the Flash Memory Programmer
(FMP). Without this technology, i1t was necessary to insert the USB download cable into the JTAG socket
on the board, so someone must go and reach to the board. Replacing the FW during the experiment was a
big task. By using FMP, you can download MCS from the measurement room remotely, and reconfigure the
FPGA without touching the hardware.

Prepare the same MCS file as writing with JTAG. The executable to write to SPI flash memory is in
hul software.git/Common/bin . Execute as follows, with a -b option if a binary file has been generated

by mcs_converter

./bin/flash_memory_progorammer [ip-address] [mcs file path]

If the download is successful and the verify result matches the original MCS, the following is
displayed. If communication is interrupted or a mismatch happens, please retry again until being
successful. At this stage, the firmeware i1s only downloaded to the SPI flash memory, and not reflected

in the FPGA. After successfully downloaded, use reconfig fpga to reconfigure the FPGA.
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rammer:

Figure 3: Console display after successful MCS download with EMP.

Known issues

It takes a certain amount of time to write a page in the flash memory, and 1t may not be completed
before UDP RBCP turns one cycle, depending on the machine specifications of the PC and the
communication environment. The current FMP 1s not designed to block the next write operation while
writing a page, and if the write request for the next page is issued too early, communication may be
interrupted or a UDP RBCP bus error may occur. Currently, usleep 1is forcibly delaying the next write,
but it 1s not a good solution and it takes a long time to write. In the future, the issue may be

handled on the FPGA side, but not yet tackled.

7.3 A few How-to's in usage

A simple test
Here is a simple test method for HUL RM, HUL Scaler, and HUL MH-TDC. These firmwares will work without
inserting the module into the VME crate. In dagq func.cc , select TRM::L1Ext to be the only input in

TRM::SelectTrig . Connect the trigger signal to NIMINI. To monitor the data, execute ./bin/dag .

Having multiple HUL modules in one crate
With multiple HULs inserted in the crate, only one can be the JO bus master, and others to be in the
slave mode. If there are two masters, JO bus will be short-circuited. (If KEK VME crate 1s not used,

there will be no issue.)

How to set Master mode
Mount HRM on Slot-U.

e Turn on all DIP SW1. (If this is ON, 1t will be in driver mode for JO bus.)
e Turn on the 2nd bit (mezzanine HRM) and 4th bit (Bus BUSY) of DIP SW2. (The firmware must
support HRM.)

e Set TRM::EnRM to be 1 and EnJO to be 0.
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How to set Slave mode

e Turn off all DIP SWI.
e TRM::EnJ0 to be 1 and EnRM to be 0. Try force busy (DIP SW2 bit 3 ) to be ON on a Slave
module, and check HRM busy LED to be ON (correctly configured).

A problem after module reset, when receiving Level2 trigger in KEK VME J0 bus.
There was a problem of DAQ not run after a module reset (e.g. BCT reset) was i1ssued. The version 3

firmware has solved the problem. Please report if there is a problem.

Event slips
It is possible to monitor event slips via JO bus and HRM Tag. If the event numbers do not agree between
the modules, an event slip has occured. Since HUL firmware has a multi-event buffer, RUN Start/Stop

will not solve the slip. Clear the internal buffers by BCT::Reset .

How to use HR-TDC
HR-TDC will hang up easily in mis-operations, because the system has two FPGAs and there 1s a
initialization procedure. For the first-time use, the procedure written here is recommended. Be sure to

use a VME crate.

1. Insert the Mezzanine HR-TDC into the HUL and download the MCS to each FPGA. It is recommended to
start with MCS as the BCT may hang if you use the bit stream after turning on the power. On
Mezzanine HR-TDC, specify mt25qul28-spi-x1_x2 x4, when downloading MCS.

2. Turn the crate power on / off once.

3. Prepare the software. If two Mezzanine HR-TDCs are installed, you can use the distributed C++
code as it is. If only one is installed, set EnSlotUp / EnSlotDown in RegisterMap.hh to be
false for the empty slot.

4. Run ./pin/debug . The version of the HUL and mezzanine firmwares will be displayed. If a bus
error is issued here, there is a configure problem. First check the software, and if there is no
mistake, try detach / install the mezzanine card(s). The high speed communications through the
mezzanine slot tend to cause the bus error, and require a good contact.

5. Execute ./bin/initialize to Initialize DDR and generate estimator using calibration clock. Make
sure both are successful.

6. The distributed C++ code assumes NIMINI should have a Common stop. Connect the trigger to NIMIN
1 and execute ./bin/dag [run no] [# of events] . This should return the data in the
subdirectory, such as ./data/run[run no].dat.

7. To create a ROOT file from the binary data, execute ./bin/decode [run no] . It will create a
ROOT file under *./rootfile/run[run no].root. See the software section for more detail about the

TTree structure.

7.4 Miscellaneous

How to purchase modules from GND Ltd

Send an email to GND Co., Ltd., telling the GND catalog number and its number of purchase. If in
stock, the modules will be delivered immediately. HUL controller module includes the SiTCP license fee
in the price. If the module is out of stock, we must consult the manufacture plan. Independent
orderwill result to a high price, because the initial cost for production will be split to the number

of modules manufactured.
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