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Outline

* Firmware development for DAQ upgrade

 Firmware development status for each functions
e Belle2link implementation for the new system
* User logic (event building) implementation
* Slow control function

e Summary



Overview of Belle Il readout system
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* Belle2link, FTSW interface, slow control, pre event building
 PCle/ Ethernet ...



Functions require firmware development

Belle2link Belle2link | B2tt (include | User logic Interface
(data) (SLC) busy (event with PCs
handshake) building) (PCle/
Ethernet)
A)b2link data-transfer
O - - - - -
B) b2link readout by
PC O - - - O -
C) FTSW interface
O - O - - -
D) User logic, event-
building o _ i o o _
E) Slow control
O O - - O O




Belle2link establishment

HSLB FEE FEE HSLB

hslb_feecontrol.vhd b2l_receivervhd b2l_transmitter.vhd, hslb_receivervhd,

txstate = ‘0000 @
b2llost = *

1 txstate = ‘0000’ . .
Send “ - if gtpreset="1' or
sig_linkdown(0) ='1' then
receive 256 x
“00bc” elsif txstate = 4 then

[

20x65536 times
(10ms)

non “00bc”

N
receive

txstate is
incremented by 1 15 consecutive
after 8-5ms, if “00bc” receives
Receive “95fb” b2H6st remains ‘0’ make AlignCnt=15
| prog_empty="1' e
| and LEMPTY = '1' /; DG FEE oA
2msec ond Receive “951c
AlignCnt = 15
Send
request if dataprogfull = '1' then |

BUSY <= not linkup

-
e

initdone <= ‘0’ T

p2tt.payload

error checks
sig_linkdcﬁwn <=0 initdon&s <=1 ‘

sig_linkdown <= ‘1’

txstate = 4

not sig_b2lreset (linkdown) and sig_initdone (initdone) => b2lready



b2l establishment and data transfer

b2link_wrapper

S FooTn R o e Full b2l functions has been
I . . .
5 b2link_rx_ila | m p | em e nted .
gtwiz_userdata_tx_in[15:0] .g gtwiz_userdata_rx_out[15:0] o y TeSted performed based on
& 2 FELIX (Kintex UntraScale) and
hslb_freecontrol.vhd hslb_monitor.vhd hslb_receiver.vhd S d U m my FE E (H S I_B) .
5 et h e * Test was first done at KEK test
o e s B bench, then confirmed at
= = 2 | BNL and Pittsburgh
N busy reset
i
FTSW host PC VIO module

ILA Status: Full (2048 out of 2048 samples)

Name Value

> Wb2lin_insthb0_g...ata_nx_int[15]
o U V X UV U 9199

> Mitx_data
> W b2lin_inst/ch0_txctrl2_int[7:0]
> Wtx_state
8 b2lin_inst/rxbyteisaligned_int
8 b2lin_inst/rxbyterealign_int
6 b2lin_inst/rxcommadet_int
> W b2lin_inst/ParaDataln[15:0] 00bc 9c .
> W AlignCont 0000 ' ' ' I 0000
> Wx_data 000000bc ' ' ‘ ' ' ' I ' ' ‘ I ' ‘ ‘ ‘ ' ' ' ‘ ‘ UU‘UUUch

| ] | | | |
-
| \ I I | l I | | | I | | | \ | I \ I | | |
8

> W b2lin_inst/staterx[3:0] 8
> Mb2lin_inst/staterx[3:0]




User-logic (formatting, event-building)

Basically, the tested part in HSLB is just implemented to PCle40 FPGA. S Yamada

userlogic wrapper

ROB
header

Reduct
ion of

hdr/trl
part

Data O

99T
0} 110957

Data 1

ROB
trailer

Currently, only

one input is )
connected so .
again, data II n - Converting 256
L = T 3 to 16 bit is not
e 'O = necessary in
duplicated and _ = y
future.

merged.




Functionality confirmed by Signal Tap

» Currently, data are checked by signal tap. S. Yamada
» More detailed check will be done by read out software.

» Test of 24/48 inputs also should be done for high-rate test.
» This part can be used also by FELIX or CPPF, if needed.

Input to userlogic 160256t OUpPUt from userlogic
(16bits-width) e (16bits-width)
| | |

g @ 2019/08/26 08:02:27 (0:0:0.0 elapsed) ) o =
-2048 -1536 -1024 -512 0 512 1024 1536 2048

lias Name
..c_wrapper:map_rx_wrp|userlogic:map_userlogic|cur_state_sim[0..7] 00h || !\ 00h
user_interface:user_interface_inst|wr_buffer_data out
..er_interface_inst|userlogic_wrapper-map_rx_wrp|dataout_16[15..0]
..ace_inst|userlogic_wrappermap_rx wrp|dataout_fifo_O_sim[255..0]
..er_interface_inst|userlogic_wrappermap_rx wrp|sig_read _enb_O_sim
user_interface:user_interface_inst|i_FE_output_data[15..0]

. Cl_ = a\.c n JllUJC Vs\. rvluppc C}J A "lPle CGU =1 U V 21 N
user_interface:user interface |nst|| FE_output_data[15..0] ~:j 95Fgh )X 39A9h ¥ 2827h Y 0000h ) J5FDh ¥ ES77h X FD62h X 00BCh \ ¥ 95FBh X 2334h ) 3FFFh ) C4EBh )
user_interface:user_interface _instjuser.user_ilwr_buffer_recept _data_in \\ |
inst|jwr_buffer_data_out
c_wrappermap_rx_wrp|dataout_16[15..0] { 037Ah X 0000h % 0100h b S5AS5Ah X 39A9h X 2827h X 0000h § 0081h X 7732h

00000000000000000000000000000000000000000000000000000VUUVUUUUUUUU

ermap_rx_wrp|dataout_fifo_O_sim[255..0]
vrapper map rx wrp|5|g read enb_O_sim

.

Still needs more detailed check.



P FIFO
=P Serial data flow
—P Parallel data flow

SLC interface

SLC protocol

!

state machine
& control

—
— 8
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SLC FIFO data structure

MSB 64bit width |
(73 i0a: i to08%i i i ]

TX/

cmd/file type addr data end

cmd/file type addr addr data data length continue

cmd/file type data data X X length end

ATDS o9t 1§ 1 {0804

A16D32 | cmd/file type data data data data length end/
Serial stream (files) continue

16 it width
‘addr data

RX /_ «— A7D8

= Ai6D32

\ .

(7 downto 0)
(7 downto 0)
(15 downto 8)
(23 downto 16)
(31 downto 24) 10



Test bench for SLC w/ COPPER

P FIFO
=P Serial data flow o
—» Parallel data flow KEK specific
—hsIb
CDC FEE ‘ egCmd

SLC protocol

!

d3dd0D

state machine
& control

----------------
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Test the functionality based on COPPER

O,

@ Terminal Shell Edit View Window Help BOD17 O 3 = o) 97% @ Wed 11:31 Q =
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Datalflo

zhpugidong — ssh — 80x22

-bash-3.2% reghs -a fee32 0x12
regf@l12 = 03000843
-bash-3.2%




SLC functionality test with PCle40

log: Trig @ 2019/07/24 15:31:36 (0:0:8.4 elapsed)

tttttttttt

{ 7012h ¥ EEEEh ¥ 95FDh ¥ EDCBh j 485Bh 00BCh

RegCmd RegStatus
Paraln ParaOut

( FFFB X 7000 X 7012 X EEEE )

A16D32 Read Addr Addr End

Access the register with
address 0x0012 of FEE

X

X  GT transceiver

log: Trig @ 2019/07/24 :3b lWrs.4 elapsed) A\

Type lIasI Name l |75 ' '

| & | | ¥..ate_machin [tate_machine_i|SM] H1_l|reg_statel

| & | | ¥..ate_machin [tate_machine_i|SM1 H1_l|reg_state2 start tame2 %  recept dat a2

’L_ user_interface:d | interface_inst|sta hit

'—i_ +-.interfaceluy |interface_instjo_FE| put_data[15..0]

'-i_ + ..._machinvnachine_HSMtS Ildata in[15.0____ 0O0BCh h % 1503h ¥ 1400h }
> - |
v GT transceiver

{ FFFF X 1503 X 1400 X 1308 X 1243 X EEEE)
Addr/data Addr/data

Addr/data Addr/data

Return the data of 0x03000843 from
register address 0x0012 of FEE

13



Summary

* Functions of belle2link, FTSW interface, pre event
ouilding and slow control need firmware development
for Belle Il DAQ upgrade.

* Full b2l function was implemented for all three

oroposals. For the FELIX (GTH, Kintex Ultrascale) b2l
was tested at KEK, BNL and Pittsburgh.

* User logic (pre event building) and slow control were
ready for all three projects. Currently, they were
implemented to PCle40, and PCle40 already get full
functions could be tested with current Belle || DAQ
system.

14






Schedule & Prospects

2018
7-12 . 16

-

Tasks

2020 2021 . 2022

1-6 7-12 16 | 712 | 16 @ 7-12

Firmware development
Device driver

Prototype board*
Firmware implementation
Test w/ prototype board
Readout test with FEE

Mass Production*

Installation & commissioning

g on the budget

Tasks

20-30 115 16-31 115  16-30  1-15
Slow control (implement, software) [
User logic (implement) [
Long-term stability test _
B4 TOP test bench —

16



Readout test with HSLB

HSLB(dummy data source ) -> HSLB( duplicate event -> merged ) -> COPPER

Red: header of readout board (RawCOPPER header)
BLUE: header of each link
GREEN : padding for converting to 256bits-width

Read data: 480 : LEF_FF = 1

00000000 70008 00000002 00000000 00000000 OOOO0O0O00 OOOO0OO00 00000000 fffffafa 0000006f 00000068
00000010 00000000 00000000 00000000 100000064 7f7f0001 00009900 00000002 2067637 5d065822 1a160050
00000020|1a170050(00000032 ffaa0002 2067 6f70 00000002 54065822 20676137 00010203 04050607 08090a0b
00000030 0cOdOeOf 10111213 14151617 1819Talb Tcldlelf 20212223 24252627 28292a2b 2c2d2e2f 30313233
00000040 34353637 38393a3b 3c3d3e3f 40414243 44454647 48494a4b 4cd4ddedf 50515253 54555657 58595a5b
00000050 5c5d5e5f 60616263 64656667 68696abb 6cb6dbebf 70717273 74757677 78797 a7b 7c7d7e7f 80818283
00000060 84858687 88898a8b 8c8d8e8f 20959697 98999a00 2067637 00028317 ff550032 00000032 ffaa0002
00000070|20676f70 00000002 5d065822 20676137 00010203/04050607 08090a0b 0cOd0eOf 10111213 14151617
00000080 18191alb 1cldlelf 20212223 24252627 28292a2b 2c2d2e2f 30313233 34353637 38393a3b 3c3d3e3f
00000090 40414243 44454647 48494a4b 4c4d4edf 50515253 54555657 58595a5b 5c5d5e5f 60616263 64656667
00000100 68696a6bb 6c6dbebf 70717273 74757677 78797 a7b 7c7d7e7f 80818283 84858687 88898a8b 8c8d8e8f
00000110 90959697 98999000 2067637 00028317 ff550032|/18181818 18181818 fftff5f5 7deO0al70 7fffO009

* Todo
- Implement to New ROB firmware. (Currently, try to implement it in PCle40)
- Functionality of data-checking

S. Yamada DAQ upgrade meeting (FELIX) on 7 May 2019 17




PADDING

- Belle2link event-data from FEE has the minimum unit of 32bits = 1word
- The output width should be larger for high throughput.

e.g. if 14word/event for link #0 and 12 word for link #1

11213 415 678

EG*;S'FO "0 110 11 12113 14 Bpwmpn
or \ Y )

256bits = 8words
A

[ \
Data FIFO T T e e
For #1 IO | NON T e2n | epa | P PN e

Output data(not considering data-reduction /hdr /trl here)

1 | 213 415 6718
9 11011 12113 14 %
e e ] e e (e

ST O e T e T
\ )

|

This part needs to be removed downstream. (driver, software or?)




TX FIFO data structure

A7D8 write

A7D8 read

A16D32 write

A16D32 read

Serial stream
(files)

MSB 64bit width |
73 i 07 : i i 08 i i i ]

cmd/file type addr data end

cmd/file type addr X end

cmd/file type addr addr data data length continue

cmd/file type data data X X  length end

cmd/file type addr addr data data length continue

cmd/file type data data X X length end

cmd/file type data data data data length eng/

continue ™



