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INTRODUCTION IPBUS INTERFACE » IPbus core used here has some features

like: reliable data transfer, remote bus

DAQ in CBM has the following ~ MUCH-XYTER will be directly placed on v A access, simple external interface

Gas detector and digitize the collected | > Here GMII is used as interface between
features: analog signal and send it to the GBTx Ethernet / PHY and MAC layer

: : : MAC
» Read out Frequency ~10 MHz » XYTER sends mainly three information Packet | | > Main data path within the IPbus

> Precise time synchronization mechanism to the backend though differential > Handler consists of MAC block, RX and Tx

: . i . Registers in the
» Data handling capacity >1 Th/s slzeirieal e (E-n.g) Eergy CariEti: el Application Layer lt“, buffer, ICMP/ARP block, UDP block,

the iIncident particle, time at which . arbitrator block.

- Fat?lt_ resiliency . particle hits and channel number of _ > In data link layer one gigabit custom

~ Efficient data aggregation schemes XYTER. iﬁﬁﬁﬂuﬁamc ... Ethernet MAC is used

» In the uplink direction XYTER sends
data at 320 Mbps and in downlink
direction XYTER receives data at 160
Mbps

. » Aggregating data from multiple XYTER
GBTx Emulator GBTx emulator sends data to Data GBTX EMULATOR

» In the network layer ARP is used to prepare the address table and ICMP is used for ping.
» In the transport layer connectionless UDP protocol is used because here IPbus is used only for
monitoring and controlling not for high speed data transfer.

GEM DETECTOR

i R T : e VY 120MGE 5 :
Processing Board (DPB) at_4.8 Gbps i3 4 i > GBTx emulator receives data from SERDES
~ DPB sends data to the First level event oy [t b ~ block, encodes it and sends it to DPB over
selector mterface _board (F_LlB) at 10 é“'”"""_'ﬁ.'.'ﬁ_'fﬁffﬁffﬁTffffﬁfﬁfﬁ_'_'_'_'_'_' """""""""""""""""" Sender | optical fiber.
| [Much: Gbps over optical fiber that in turn sends Scrambler | ssaer |~ Scrambler is used to increase the randomness
XYTER to peripheral component Interconnect E— in the data for avoiding long sequences of <1’
| | express (PCle). and 0’ in the data stream that helps in clock
Figl: Block Diagram of proposed DAQ for MUCH » DPB will distribute synchronization clock 7| Descrambler| besealzer | FECOVENY iN receiver side.
Detector with sub-nanosecond accuracy. SR S Receiver ! > Multi-bit error correcting Reed-Solomon code
_______________________________________________________________________________________ signer | is used to protect the data in optical fiber from
120 it 40 iz I channel noise due to radiation.
i | RS Decoder _ ! |Gearbox 40 to Pattern § - - -
MAJ OR CONTR' B UTlONS | (evan [ PRSI oo | sereh | - INterleaving is just rearrangement of data that
> Integration of XYTER emulator with GBTX emulator and DPB i PTEErT P — protect _data_from bur_St error. |
» Efficient implementation of synchronization protocol between XYTER emulator and DPB Fig5: Internal blocks of GBTx Emulator » Multi-gigabit transceiver acts like a high speed
through GBTx emulator with the help of IPbus protocol over one gigabit Ethernet serializer and deserializer. _
40 Mhz «— T M2 ) oMz~ Gearbox simply breaks down 120 bit frame
Control Control : : : :
—| Logic Logic Into three 40 bit words In Tx side and forms
SYSTEM DESIGN FOR HIGH SPEED DA e [ reeivar st o ree 40 DIt words n
address
Q fraessA =/ o Ee receiver side.
szilt-n y C STARD — - N - » Frame Aligner and Pattern search block is only
Statu — _ . . .
# < <ax > bualPort<—  —|Dual Port «— used in receiver side.
K28_5_Wrong link | Data_out] pegeri- ok &=5 ﬂ':'_;ﬂ iﬂ RAM RAM
Manager alizer | o ) > XVTER Sarts to send 120 bit :> 40 bit I:> bi i i i i
Data_out e diCem tn K28.5 Character 120pt - This block will continuously shift the data
9:0 - . . .
(9:0) oL right by one bit until and unless proper header
signal oty 120 bits to 40 bits 40 bits to 120 bits . .. :
S [Reg_rw_ { +»| DPBsends SOS Character | _ - IS detect_ed. Aftfer receiving one header this
ax address TP Fig6: Functionalities of Gearbox block will continuously monitor header for
> data] _f""'l“‘i: R eaall 3. another thirty one times.
W EET e [TData, Ray] | Register| | | * |Transmi- e Deserializer
fle T nic DPB starts to send K28.1 |
[Data,ready, DEtEI_FI:ﬂI'It f i I rs er | 40bits e machine :
parity bit end reﬂsm'} DPB ﬂ[l_i“ﬁt Jock Deserializer s g]hgil'll;:utar —~—> (sat:ttern se:rch)
] 3 Delayand phase 120MHz | 120MHz Pattern Search IE "0110" Generate
—> pat Mon® r,l ' of the Downlink data T bit slip . 120MHz . am:l_ OR "1010" WrAddress
40bits|, Right Shifter
S, command A ‘L
configuration information =~ Data write to the Output ¢ D;“ux locked status l
Frontend register DPB adjust I.I[lliﬂH Write
Time stamp generator 12""“*;  AOMHz Bit Slip Counter 40-bit data
iﬂta delay { '
Fig2: Internal Architecture of XYTER emulator T Fig7: Frame Aligner and Pattern search Block
GBTx core is running at 40 MHz and XYTER is to send EOS
sending data at 320 Mbps so In the front end of f FRA |\/| E G EN ERATlON > Figure describe frame
GBTx there will be serdes where data iIs written > i
: . : . eneration and error
: - Fig3: Flow chart for synchronization over E-link J .
se_rlally at 320 MHz and a chunk of 8 bit data 9 y oSl | . Standard frame format <119:0> correction flow for the
will read out at 40 MHz. One GBTXx receives data from multiple E-links Mo ER B e N R
1 1 1 1 = = = Slow Control<3:0> 4 . / ! - L)) = (FEC) -
In the downlink there will be serdes in which which have different delays due to different path e e w0 <o som 7.7 » The frame format
GBTx will write dfata at 40 MHz and serdes will lengths. T b s shown here is used in
send data over E-link at 160 MHz. - To alleviate this effects each E-link is attached PO T s e 2 T o | | down link direction. In
Upllnk (from XYTER to GBTX) fra’me Wldth IS Wlth aUtomatIC delay COﬂtrO“er H<3:0> SC<3:0> D<79:60> D<59:40> D<39:20> - |D<|19:|0>| | - i : the up“nk dIFECtIOn
- 1 - 1 I T (LI LT[ 1] 15/11 ) 15/11 : .
30 bit and_ contains hit data, multiple control N f i frame generation
responses like register value, acknowledgments, As the communication over E-link is synchronous — I e S process will remain the
etc. anfj some status information. | in nature, some special characters like K28.5, _— T mosans : | same except the error
Downlink (from GBTx to XYTER) frame width K28.1, SOS (start of synchronization), EOS (end N\ —— - | i correction.
Is 60 bit and mainly contains control of synchronization) need to be exchanged i " |
Information like write address, read address, between DPB and XYTER to make the E-link
write data for FEB, DAQ start, DAQ _stop, synchronous.
front-end reset, etc. and the frame Is protected Each step of synchronization is described using R ES U LT A N D P E R FO R MA N C E
with 16-bit CRC. the flowchart shown in Fig3. s | Otabcdfedd 256
| : : ; - © Without Scrambler+ RS_ +Interleaver : ot 47 [256, 256, 256, 256, 256]
N -. : + With Scramb@er+ RS +;r1ter|eauafr 1% SOS Received ﬂﬁ’_ﬁ: %EUE: rue. True. Troel
XYTER after power on reset keeps on sending Py e T OnywithRs o i 1 B 2 [True, True, True, True, True]
ry ' c : - : : - . ' : : K28 17 3 [True, True, True, True, True]
_____________________________________________________________ T | K.28.5 characters on the uplink. _ -: Ny Q. ; 3 K28 1 Character § [T7ue. True. True, True, True)
i .8 Ghps RIS R e e T e T T e
| xvrer sex || G e [ o8 [ ! After receiving K28.5 character DPB triggers S N N N ' TEats "ot T, Rt it
1 I - - - - . : . . ! T . 155 11 [False, False, False, False, False
| Emulator A N TR : SOS character in the downlink direction. N B B e, a6, 256, 256 12 [True, Fatse, Faise, Fatse, False]
i i ! ' . : . : : - : . gt 259 13 [True, False, False, False, False]
i i i DPB ' : . : . : . = 757 14 [True, False, False, False, False]
] = ! ik | | _ R i [Trie, T Favie, T e
CwEat | e | <omews | When XYTER receives SOS characters it tarts Ny e R T
Optical Link to responds by sending SOS. Then DPB starts to ; 5 ; | | NN Clock Deay 20 [True, Trie, True, True, Trie) Calculation
send K28.1 characters to XYTER and XYTER | NN G 2 irse, Tri: Troe, T re)
FLIB with Computer d th K28 1 h t i : . 3 gﬂézsa. , 256, 256, 256] gg H;uie Hue, Hue. HUE' HUE}
Interface responds wi .+ tharacters. A AN, - 26 {True. True, True, True, True]
; ; ; : j ; ; N B 8 F?::: True, True, True. liﬂzi
- - . . . : . . : " 3 [256, , 256, 256, 256 29 [True, True, True, True, True
: : DPB finds exact value of the clock and data delay z ; z ; ; ; ; : N L [rue. True, True, True, Truel
There are two frame formats in GBTX. one IS : . .; : ; .- ; ; : ; 1 B 0 a5 e TIe Trues
: : : : : at which K28.1 characters are correctly received. - i R 127
wide bus mode in which payload is 112 bits and 259 56, 20, 256, 256, 230 oo
and other one is GBT frame format where . _ E, /N (dB) 128 else (25, 27 30, 28, 25) EOS Received
; . e . After the completion of delay calculation DPB | — _ 28 1 test resilt: (Trie, Frue, True, True, True)
Payloadiisoaibitllnite tpliniidirectionidatais sends EOS characters and XYTER responds with Fig8: Study Orf BER performance using ' E—
transmitted using widebus mode and in the N : ' ' Fig9: Steps of synchronization
J the same. Then synchronization process will be MATLAB simulation J P y

downlink direction GBT mode.

completed.
In the d link directi trol sianal should To calculate the delay a python script is written CONCI— USION
n the o¥vn in h|recr:on (;on ro _SIQnrc']:l S (iyl y in computer which is connected with DPB using Proposal of a novel DAQ design for HEP Experiments. A detailed performance analysis of the
b? error free ratner than fast as in the uplin IPbus protocol over one gigabit Ethernet. DAQ implementation is presented in terms of synchronization results over E-links and BER of
direction. ) :
optical fiber.
Using the IPbus protocol value of any internal In future, we plan to use the concept of multi-processor into this system for more efficiency in data

Hence, Each GBTx can handle 14 E-links.

register of FPGA can be monitored processing and test the setup in the radiation zone



