J-PARC/N K O >V EEs

\LE_% |:|JLJ7L AN

Outline

* Introduction

* Front-end electronics

* Clock/command/timing distribution
« CDCM transceiver
« SPDT protocol
» Test results

e Summary

Open source consertium of Instrumentation

penlt

-

Lo)
(o]

Electronics
System Group

2,

L DAQREZ D IFIK

KEKZR1%AH

AZ R KBS
for the J-PARC E50 experiment



Lo)
(o]

Electronics
System Group

Introduction

conseortium of Instrumentation

Open source



Introduction, J-PARC E50 experiment

Motivation - level 0 Electronics
« Reveal the effective degree of free of the baryon internal nergy feve ~—~ System Group
structure, the di-quark correlation, by introducing heavy (c) quark. p-mode
L=1 Isotope ‘ -
Strategy P Spin dependence
«  Missing spectroscopy via the =~ p — D*~Y," reaction. g shift
» Measure production cross and decay branching ratio
: J-mode
simultaneously.
L=0
- Heavy q
The experimental setup at J-PARC E50 experiment
Beamline ! Experimental area Secondary m~ beam
- « 20GeV/c

» 30 MHz (60 M/spill)

! . * (2s duration for
Focal plane - Eiber tracker k slow extraction)

fiber tracker (FPT) i Beam RICH (SFT) Y Target

 Liquid H,, 4-g/cm?

e

Reaction
Charmed-baryon production
* ~1nb/sr
Background reaction
o 2.4 mb/sr
Internai TOF Total reaction rate
(F'TOF) - « 15MHz
Charged-particle multiplicity

For beam mom. i| Beam fiber
analysis. | tracker (BFT)
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Trigger-less data-streaming-type DAQ system &\

Clock/command/timing FairMQ + é redls’tromcs

distribution Schema of the DAQ system _ ~ystem Group
e Process monitor and control via in-

(MIKUMARI) memory type DB.
Hardware ! Software ) :
i «  Automatic topology generation
AMANEQ VeSS --- | CIRASAME !
i Network Sampler Local filter Global filter
| switch
Fiber : J__‘ib Computer »{ Computer Computer
tracker | 5.6 GBIs P P P
RICH —» Computer Computer Computer
FPGA based .0 GBIs
HR-TDC Load Storage
Timing R N
counter » AMP 6 GB/s —® Computer > Computer Computer
Storage
RPC » AMP 5GB/s —» Computer Computer Computer
Drift » ASD —» Computer »  Computer Computer
chamber - 1.0 GB/s P » p p
p . Heartbeat method Reduce the data rate to 1/100 - 1/1000
penlt

Total data rate: ~12 GB/s (25 GB/spill) (E50 case) 4
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Front-end electronics




AMANEQ

i . Electronics
A main electronics for System Group
e 0 i - - = ==
RIANANE R 5 network oriented trigger-less data acquisition system

(AMANEQ)

Staall. mezzanine
/O Extension

* VME 6U size but it doesn't have VME bus
« VME crate without the power is used as a housing box
el = _ » Kintex7 with _speed gradg -2
XCTK160T 4~ M  Transceiver bandwidth up to 10Gbps
2FFG | N « Can implement SiTCP-XG
i 8 = » Throughput: 9.12 Gbps (96% of payload limit)
y 2 ti,  Mezzanine slot . .. ibl ith HUL
DDR3-SDRAM "_7r_(= (compatible with Main input ports_ compatible wi
(DDR3-800, 2Gb) = '  Has two mezzanine slot
| = B 4= | « Compatible with HUL
Ll » Hadron Universal Logic module (J-PARC hadron)
_, * Mount HUL mezzanine HR-TDC
4 ”R2345_ ; : * Mount DCR mezzanine for DC readout
‘anfp;{igg)e i ' Maininput + Belle2 trigger port (master clock)
e k p_Q Lste o part « Has a jitter cleaner (CDCE62002)
' [ {Diff. Stgnajy - DDR3-SDRAM as a de-randomizer

= | 1 Rower 04 . DDR3-1333 with 16-bit bus width.
T;;sr(:\(DC 30-35v) -l — . 2Ghb

s NIM IO

» Powered by the external power supply with DC 30-35V




AMANEQ
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Small mezzanine slot [~~~~" "7 4(2) ,
for 10 extension  —______ ; /
TS SDRAM
; 164 (32 2
| ) A 25 NIM-OUTs
] 1
Main mezzanine slots | E v \ 2,
Compatible with HUL r------- 5 ~ NIM-INs

B2TT compatible

(op)
\L[
—~
w
N
N
N

_______ FPGA sl RJ45
GTX [

_— N\ N\ N\ > SFP+

Main input ports 32,

7 N
LVVDS/PECLE/ECL CDCE2002 SEP+
32, jitter clear
B /
Differential

to single-end
/ .
() It
ipen



MPPCs :;
: (back side) y

1

CITIROCASICs

jo ia 8L
x| f

APDblas
(charge-pumg

FPGA
XCIK-160T-2FF

— =531
e :

i 2
8wl = )

DDR3-SDRAM

20L$5L3032 NS

NVdVP N3N
" 3JWYSYYHID

iE]

)( I
® - E
V" N\ 7/ N\
=18 RI&e) SO0

CIRASAME

Electronics

. . System Group
CITIROC based multi-MPPC readout electronics

for continuous timing measurement
(CIRASAME)

On detector FEE for scintillating fiber trackers and RICH.
Two 8x8 MPPC arrays are directly attached. (128 ch)
Four CITIROC chips read them.
Kintex7 with speed grade -2

« Can implement 10G SITCP (SITCP-XG)
Belle Il link port (master clock)

» Has a jitter cleaner to clean up the master clock
DDR3-SDRAM as a de-randomizer

« DDR3-1333 with 16-bit bus width.
Powered by the external power supply with DC 35V

Digital part is the same as that of AMANEQ.
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MIKUMARI
(Clock/command/timing distribution)

Open source consertium of Instrumentation
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Clock-duty-cycle-modulation
(CMCM) based transceiver
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Background
O

] Electronics
Requirements System Group

* Low jitter (better than 20 ps)

» Synchronous timing/command/tag distribution
» Controllable phase of the recovered clock

» Distribute a clock over 100 m

» As few transmission lines as possible

Usual solution

FPGA
+ high-speed serial transceiver
(e.g. Xilinx GT transceivers)

8b10b
modulation

It actually works well, but
» Strongly depends on FPGA built-in blocks.
* Need a special electronics dedicated for distributing clock/data via serial transceivers.

Develop a serial transceiver independent clock/timing distribution system.
Develop a protocol to send a data and synchronous pulse over.

11




Principle of CDCM

Electronics

Adopting clock-duty-cycle-modulation (CDCM) as a core technology System Group

« CDCM is a data-on-clock type modulation. (8b10b is a clock-on-data type)
» Data bits are embedded to the trailing edges of the clock signal.

Time reference content (fixed)

% Lt

Denis Calvet,
IEEE TNS ( Volume: 67, Issue: 8, Aug. 2020)

—— — —
—— - -
—— - -
—— —
—— - -
—— —
—— — —
——
—— - -
—— - -
—— — —
—— —
—— - -
o
—— — —
—— - -
—— —

< .
« L

User data content (variable)

Advantages
» This modulated clock can be directly input to PLLs and MMCMs in FPGA and external jitter cleaner ICs.
» Because the leading edge is used by the phase detector to control VCO, but the trailing edge is not.
» Output clock skews from MMCMs respect to the input modulated clock are automatically adjusted by using
the global clock network in FPGA.
« Automatic phase alignment among front-end electronics.
» Recovered clock by MMCM can give a phase reference for a clock from the external PLL, which does
not have a zero-delay mode.
i
eoen |t

12



Principle of CDCM

Modulation and demodulation by IOSERDES

Slow clock (Fp)

(master clock) — 3

Fast clock (5xF;) —>

OSERDES

Transmit data
with DDR mode

Modulated clock

Lo)
(o]

Waveform pattern

(i

Encoded data

= waveform pattern

Payload

> ISERDES

Recovered
slow clock

Vv

Electronics
System Group

N

Wi

L Fixed pattern to keep the minimum

allowable duty cycle of 30% for MMCM

Divided to 10-segments

For skew adjustment between slow and fast clocks, the global clock buffer is necessary.

1/F,

Waveform pattern
= encoded data

N

CDCM-10-2.5
CDCM-10-1.5
are realized by IOSERDES

Recovered
fast clock

MMCM
(Ext. IC)

*0.5 means idle pattern

« Maximum transferrable frequency: 125 (142) MHz due to the limitation of the BUFG performance.

Open source consertium of Instrumentation

13

Naming rule is defined in Ref. [1]

[1]. D. Calvet, IEEE TNS ( Vol67, Issue8, Aug. 2020)



Developed FPGA firmware components
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Synchronous pulse and data transmission

(SPDT) protocol SerDes based CDCM transceiver

Packet generator

OSERDES

data[127:0] 8 (10) bit data

N | cpewm

encoder

\ 4

TXO

—> | pulse[1:0]

Clock synchronized pulse is
transferred to a destination with Packet parser ISERDES
a fixed latency.

data[127:0] 8 (10) bit data
- 1 CDCM RXI

<— | pulse[1:0] decoder

Modulated clock

MIKUMARI
Kot (ALK FYDhHA): KOJEEODNT L SH
6{9 .
ipenrt
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SerDes based CDCM transceiver
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TXO OSERDESE2 System Group
OBUFDS
—>
Encoded data —>{ D[9:0] 0oQ
Slow clock —>{ CLKDIV
Fast clock —>{ CLK
- |IDELAYE2% 3239 % & modulated clock% B
RX| B HERELC B S, ERAERHIEIYHETONS
ISERDESE?2 o ?
Modulated clock <«<—— O D <
Slow clock  —> CLKDIV IDELAYEZ IBUEDS
Fastclock  —> CLK DDLY [€ DATAOUT  IDATAIN [¢——< ‘
Encoded data < Q[9:0] 7
BITSLIP Automatic
BITSLIP adj .
controller SLIP adjust IDELAY Automatic
> controller IDELAY adjust

Open source consertium of Instrumentation
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SerDes based CDCM transceiver

Encoder
*10-bit length data input
is also supported for
8b10b modulated data.

CDCM encoder

Lo)
(o]
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1-byte data —>{ DIN[7:0]

isidle ———] ISIDLE

DOUT[9:10]

L > Encoded data
CDCM-10-2.5 encode table

Decoder

CDCM decoder

1-byte data <—— DOUT[7:0]

isidle <—| ISIDLE

DIN[9:10]

Binary Encoded
00 0000
01 0001
IDLE 0011
10 0111
11 1111
P

Open source consertium of Instrumentation
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Synchronous pulse and data
transmission (SPDT) protocol
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SPDT protocol

Electroni
SPDTP packet structure Systern Group
Magic Data length + I
(OXFD) Instruction Pulse timing Reserve User data Check sum IDLE
1 byte 1 byte 2 byte 1 byte 0-16 byte 2 byte 1 byte

- CDCM data rate: 2-bit per clock-cycle (CDCM-10-2.5) ***IDLE: duty 50% pattern.

» Encoder/decoder need 4 clock-cycles to encode/decode 1-byte data.
» SPDTP packet size: 8-bytes + user data (0-16 bytes)
« 32-96 clock-cycles are necessary to send/receive a packet.

Expect to periodically transfer a fixed size packet. N .
: L : |:> Pulse timing is included in a packet.
Currently, interrupt at any timing is not considered.

Set next data  Set next data Setnextdata  Set next data Setnextdata  Set next data Set next data
Sending a Sending a Sending a Sending a Sending a Sending a Sending a
Send packet always packet packet packet packet packet packet packet

\ 4

Set next data

l Keep periodicity

Sometimes send _ _ _ Sending a
> packet Sending IDLE | Sending IDLE | Sending IDLE packet

Tlilw
. 18

Open source consertium of Instrumentation

Sending IDLE | Sending IDLE | Sending IDLE




Test configuration
00
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Test results

19



Test configuration

Q
\®)

Electronics
System Group

Master
Packet s| CDCM >l TXO D>--
generator encoder :
Packet < CDCM RX| <__i_"_'_>: SFP |€
parser decoder i ;

>

The SPDT packet is continuously
transferred and returned.
User data: incremental data.

ortium of Instrumentatiol

\ 4

Slave
SEP ---4;-> RXI CDCM 5|  Packet
. t decoder parser

__< TXO Kk CDCM |¢ Packet
encoder generator

& S|5311

" SFF (DC coupling)
Bt (5'37__7\ I:l*’

2 HUL Mezzanune :
prototype clock data dustrnbutor
3 (Proto-CDD)

20



Test configuration (clock path)

Modulated clock

Lo)
(o]

Electronics
System Group

Slave
cbcMm | LVDS
RXI | From mezzanine
Master
> MMCM 625 MHz
> (PLL) __[: ~ CDCM . LVDS (Slew: FAST)
MMCM ,) —I/ X0 To mezzanine
- 125 MHz 125 MHz FPGAK
70y 7187T
FPGA%
| coce [~
FyRae > 5000 NIM
>y 2C8ITE F
100 MHz >{ LVDS

Open source consertium of Instrumentation

Used oscilloscope

« Keysight DSOS054A (Analog BW: 2.1 GHz, 20 GSPS)
« For NIM signal measurement

» Tektronix DPO 7254 (Analog BW: 2.5 GHz, 40 GSPS)
e For LVDS measurement

21



Demonstration
00

. Keysight Infiniium : Monday, May 31, 2021 6:51:1% PM . . =y . 3 E‘eCUOﬂICS
File Control Setup Display Ti easure Math Analyze Utilities Demos Help May 31, 2021 bkl | | system Group

CDCM-10-2.5 @ 125 MHz 40T packets were transferred in this demo.

Modulated clock No packet drop and checksum mismatch were happened.

Pulse transfer by SPDT protocol

SEOW [EDILOA ‘ sea

Reproduced pulse edge IS :E ”
correctly synchronized with the LI|
source pulse.

il

.
HHIT

@100 ns/ [4s5.1100ns |



Jitter performance of master clock

Jitter distribution of master clock Electronics
_ _ _ _ _ _ _ System Group
: : f f f f f DPO7254
CDCE62002 . _ 110 DSOS054A
f f f f f CDCE62002 5.0 o7
: : : : : a0 Unit: ps
MMCM 7.9 106
297
| | | PLL 8.8 114
MMCM (FPGA) f f |
_ 125§|V|HZ§ | | | | | CDCE62002 Succeed Succeed
5 . MMCM
(FPGA) Succeed Succeed
PLL :
(FPGA) Succeed Fail

Tek -150.00p Time (51 30000/ 150,000

PLL (FPGA) ﬁ ﬁ § § § Linkup: Completing IDELAY adjust and bit slip for
_____ T S 3 3 3 . SERDES and encoder/decoder.
125 MHz | | 3 1 1
: : : : FW with PLL detects the broken modulated pattern soon
after the communication start.
Modulated pattern transfer and/or receive don’t work well
due to the large clock jitter.




Jitter performance of recovered clock

Condition

Edge-to-Edge time measurement
between master and recovered clock

Master Slave T —2E(E Eg?g_-gg,ge
CDCE CDCE SPDTP 12.5
MMCM MMCM SPDTP 17.7
CDCE CDCE T7A R 11.4
MMCM MMCM 74 R 11.9

)
()
Electronics

System Group

Recovered clock jitter

| Tj
Std-dV. - @ BER 1E-12
158 Unit: ps
8.9 -
240
155 s
162
8.8 o
213
7.6 o

Edge-to-Edge measurement reflects the structure of the
main peak of the jitter distribution.

In order to take into account the long tail structure,

additional jitter measurement using the spectrum fitting is
necessary.

24



Jitter performance of recovered clock

Jitter distribution of recovered clock
(CDCE62002 - CDCE62002)

SPDT :
y protoco| ..................... .

Tek -15000p Time {s) 30.000p/div

Log10 { Hits )

Tek -150.00p Time (5) 30.000p/div

Jitter distribution of recovered clock
(MMCM - MMCM)

SPDT
protocol

150.00p ime (5] 30.000p/div

150.00p Tek _-150.00p Time (s) 30.000p/div

Data dependent jitter is suppressed in the case of CDCE62002.
If you use MMCM, sending IDLE pattern provides a better jitter performance.

Lo)
(o]

Electronics
System Group

150.00p

150.00p
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Synchronize FPGA HR-TDC

26



Test setup (HR-TDC)

AMANEQ (Master)

AMANEQ (Slave)

/ e
oon ] coce | | ThesetmorroAe
< 62002 y

12 ps accuracy.

Provide clock

SFP

FPGA based

FPGA HR-TDC

|

Modulated clock

e | cDCE
FPGA < 62002
]
v
SEP FPGA

What we really want to know:

Lo)
(o]

Timing resolution of synchronized HR-TDC

27
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Signal
input

FPGA based HR-TDC

(I s &

32

HUL/AMANEQ mezzanine HR-TDC

................

Xilinx Kintex7 :
160T-1 FBG676 @8 E..:

HUL-_Mezzanine HR-TOC V1 . -

[r)
c R a o9
; 5=
o o 18
O

ch FPGA based HR-TDC
Both leading/trailing edges
Intrinsic resolution: 15 ps (o)

Q
>

Electronics
B System Group
NIV R HEFTAH A

[
»

Tapped delay line

11111111111111000000000000000

TY VYV Y YV Y YV Y Y Y Y Y v yy

Remapping (192 — 64 taps)

1111100000

A 4 A\ 4 A 4 A\ 4

Leading edge finder

0000100000

A 4 A\ 4 A 4 A\ 4

Binary encoder

5 : Fine count

Crock domain crossing

A\ 4

+
———— Semi coarse count (2bit)

Calibration table

!

Precise synchronization of the sampling clock
(500 MH2z) is the key.

28



CDCE
62002 EPGA
(AMANEQ)
A FPGA
(HR-TDC)
BUFG
I~ | ] MMCM
/I/ P
500 MHz Vv l 125 MHz
Pattern 1

Open source consertium of Instrumentation

Possible clock path

CDCE

62002 PCA
(AMANEQ)
FPGA
(HR-TDC)

500 MHz l l 125 MHz

Pattern 2

Lo)
(o]

Electronics
System Group

CDCE
62002
FPGA
(AMANEQ)
FPGA
(HR-TDC)
125MHz | pimem

500 MHz l l 125 MHz

Pattern 3

29



Test results

) ) ] Electronics
The resolution when two signals were input to the same HR-TDC. System Group
* 20.6+0.1ps(0),=> 2 * (Sintrinsic)
Time difference (pattern 1) Time difference (pattern 2) Time difference (pattern 3)
104;_"|"‘|"‘|'"|"'|"'1*"1H'1H11'Hﬂ l()‘w ]04;_' T "|"'\"'|H'|H'|HQ
- c=258=*0.1ps F c=25.1%x0.1ps i 6=24.1%0.1ps
m-‘;— 10 §_ 10" -
g L g oL g F -
E 10 é_ é ? Ug 10 g— _§
C 10 - 1
10 = E 10? =
- \E C ]
= i e E
—_lI H—(ll;% I—‘{llf; I‘—(ll-ll. I‘—(J|‘2 ‘ I(|] I I(),l?.‘ I I(),l-l‘ I I(],lf)‘ I I(],lsl - | —]I H—Ol,l"i I —I()l(; ‘L()lil& ‘L()|2l I I() - k).EI I ‘()‘l4l I I()‘l()l I I()“SI - 1 —?J H—d{l{ J i()](; l J—U]-i Jl(llzl J (lJ - I0\,‘2I I IU,l-l‘ I IU,lfal | IO,|8| I :l
Time [ns] Time [ns] Time [ns]

The sufficient performance for the J-PARC E50 experiment.
Pattern 3 is preferred because the 125 MHz clock phase is aligned to that of input clock
(recovered clock from CDCM).

_ 2 oy 2 ! o] ~ 8-10 ps Consistent with the result so far.
) o= \/ 2O-intrinsic +§ 2O-random | |:> random P
Lpenit e
epen
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PANE—Y) %%
7]k
]
EIectroniGcs
COCMAFIA LAV Ay & - 24 2/ f5kls, SITCPEB->TWAERTIE, BLY —L(th 3 & BTO0P

oY (I
GTr 7>y — N2 TT—XFEAHELEREZIT-oTWB Y X T LATIERENR L,

FPGAD—#%I0% {5 > TIOSERDESTZH /7 A v 7O YEY 2#{THOENFETH D728, E5HIKIE
MhHhiW, B THNIEARILT —TILTDOHEWTHIWEERS,

EXAJEEZR 7 Ay J AE—=RIZTAB7EA5H., BE—IimE5 CHLRKDENAIETH 5,
AMANEQD X H = > D & - wihakE Rz A= 1. MIKUMARIEZREI|CEEZTZ %,
1= 7 72U, HP - HRRXYV 7 DRITIORE = RAERDZDTZDRIETFEE,

S [AfE > 7-SFPEY 1 — L IZFS.com® 1000BASE-SRAED K EY 2 — L,

SFP+DTX & RXDIESHRIESFF-8431 DMK TCMLEE S FARD SNT VB A, EBHRIE(V ) &
400-2000 mVEMBAH 5, ERITE > TH D EFS.comDEY 1 —ILFV =800 mVIZE, E@ENDCML
EB5zEBbns,

SEE £ CHICCML-LVDSZEHZ 1T > TL B HRXIFEEFPGAND R WTH ALK (Vo2 ITERER) o
BEHSFPEY 1 —ILIZACKE AR DT, FPGAlIZre-biasd 2 HDClI%E > CTANREEBLIZ RD B HE
N %,

TXENZLVDSD R A >~ FH/NES WD T, ICTCMLATHE L AN EH L Bhn b,
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Summaryl
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* The trigger-less data-streaming-type DAQ system is introduced in the J-PARC E50 experiment and is shared
among the other experiments in the high-p beam line.
» The total expected data is 12 GB/s for the E50 case.

« A main electronics for network oriented trigger-less data acquisition system (AMANEQ) was developed.
» Two mezzanine slots, which is compatible with HUL, for the function extension.
» Two data link with the speed up to 10 Gbps. Realized 10 Gbps TCP communication by SiTCP-XG.
« 2 Gb DDR3-SDRAM.

» The obtained throughput of SITCP-XG was 9.12 Gbps. 96% of the TCP payload limit.

 CIRASAME was developed for readout for the scintillating fiber trackers and RICH detectors.
|t has four CITIROC1A ASICs.
» Digital part is the same as that of AMANEQ.

» Heartbeat method was developed for the continuous timing measurement without any external timing reference
signal.

Open source consertium of Instrumentation
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Summary?2
: e : El i
« AMANEQ will be used for the clock/timing distribution in the J-PARC experiments. Syesctgrcr)meCrsoup
» In order to transmit the clock and data using a full-duplex optical transceiver, clock-duty-cycle-modulation
was adopted.
« The modulated clock can be directly fed into PLL.

« SerDes based CDCM transceiver and the synchronous pulse and data transmission (SPDT) protocol were
developed and implemented in FPGA on AMANEQ.
« The maximum clock frequency can be transferred by this transceiver is 125 and 142 MHz for the speed
grade -1 and -2 FPGA, respectively.

* The jitter performance of CDCEG62002 is better than that of MMCM in FPGA.
* 5.0psinstd. div., ~110 ps peak-to-peak (eye measurement.)
« PLL in FPGA accompanies a long tail in the jitter distribution. And the clock from PLL can not drive the
CDCM transceiver correctly.

» The two AMANEQs are synchronized within 12-13 ps in std. div..
» Basically, sending IDLE patter except when the trigger is transmitted provides the better jitter permeance.
« Timing resolution between two FPGA based HR-TDCs synchronized by MIKUMARI is 24-26 ps (o).

Open source consertium of Instrumentation
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Requirement for the DAQ system

Electronics
System Group

Requirement from E50 Other physics program at this beam line
Momentum analysis is essential to reduce the _I_ Ap scattering
trigger rate to the acceptable (~10kHz) rate. E* spectroscopy
Pion-induced Drell-Yan
|=3 dibaryon search
The required trigger condition are different.

The DAQ system must be flexible and scalable.
Omit the hardware (FPGA) based trigger,
and introduce the trigger-less data-streaming-type DAQ system.

Open source consertium of Instrumentation
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Data transfer speed via SITCP-XG

Test setup
AMANEQ Switch
SiTCP- FS
_— " s586020SQ
FPGA
SFP+
Measured throughput
El
£
=]
2
£

Open source consertium of Instrumentation

=]

Electronics
System Group
PC
> SIFP+ Read data using
C++ software.
CPU: i7 6800K
NIC: Intel X520 Tested by H. Sendai (KEK E-sys)

OS: CentOS8

Source [Gbps]

Obtained throughput: 9.12 Gbps
~96% of TCP payload limit (MTU 1500)

36



Throughput of DDR3-SDRAM

) ; ; Electronics
Firmware configuration System Group
Instruction Memory throughput
Data controller 10
source | FIFO A
8 8 —0
WV @, 6 /
5
Controller 5 =
(MIG) S
=
M Number of bank machine: 8 = 0
________________________________________________ Burstlength:8 2 4 8 16 32
v N

Micron MT41J128M16JT-125
Max speed: DDR3-1333 SDRAM DDR3-800 —e=DDR3-1333
Bus width: 16-bit

Obtained throughput (reference value)

Data bus of SDRAM is bi-directional. DDR3-800
Memory operation is determined by command. » ~4.8 Ghps (6.4 Gbps)
DDR3-1333
Tested write/read pattern. * ~7.9 Gbps (10.66 Gbps)
{ Write H Read } ***Access to the same memory bank.
N-times N-times Larger over head when changing the bank address.

37
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CIRASAME

* Analog high gain Electronics
« Analog low gain MUX System Group
—>
8x8 array - 5] MUX
> CITIROC [ s| AD9220 SDRAM
'y > Analog
> MPPC | > outs
Y \ 4
S 2/
> CITIROC 32, 7~ 7 NIM-IO
/ 7| <
| : 33/ > B2TT compatible
Trigger output 32/ - FPGA .
[ 7 S
32, - < |
VA > GTX |
> CITIROC <
> +
> MPPC | SFP
Y
> CITIROC CDCE62002
jitter clear
Bias voltage APD SPI control
\ bias
6{9 .
.penlt — MMCX -



CIRASAME arrived
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Heartbeat method
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Heartbeat method for the continuous timing measurement

We need the continuous timing measurement over 2 s (spill duration of J-PARC slow extraction)

» Required dynamic range: ~10° (1 ns TDC case)

Electronics
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Introduce heartbeat method: a technique to reconstruct the time without a long-length time stamp.
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By counting up the number of heartbeat
data, the time from the spill start is
reconstructed.

This techniques was tested
and used in the J-PARC experiment.
(E.g., beam structure measurement)
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