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Hardware
TDC modules

72 and 64-channel multihit timestamping TDCs
VMEG64x U6 boards
Based on HPTDC chips
Resolution:
« 25 ps for TDC72VHL and TDC64VHLE
e 100 ps for TDC64V
TTC Bus for synchronization into VME crate
Power supply via VME Bus
Data transferring via VME64x Bus
Input signals formats:
* LVDS for TDC72VHL and TDC64VHLE
« ECL, PECL or LVDS for TDC64V

TDC64V for DCH




Hardware
ADC modules

62,5 Msps 12 bit 64-cannel ADC modules
DSP function:
e Zero suppression, Tail cancellation, Moving
average filter for calorimetry
* + Sparse readout for GEM & STS

Power supply:
« External (Wiener Mpod) for ADC64s2
 VME Bus for ADC64VE
Data transfer:
* WR link for ADC64s2 (Ethernet in future)
« Ethernet link for ADC64VE
Synchronization:
« Lemo TTL I/O for Trigger and XOFF
signals
 WR Link for timing synchronization

ADC64s2 for Ecal, ZDC



Hardware
VMEG64x control and interface modules

FVME2TMWR - Trigger, Timing and Control
Module for VMEDAQ system
« TTC Bus master. Generate and distribute
clock, trigger and spill signals
 WR synchronization
« 4 software configurable TLL I/O

FVME2 — VMEG4x Bus Master and system
controller. Read out data from VME modules
into the crate and transfer it by optical link to
Pexml-4

Pexml-4 — PCI Express interface card with M-
Link protocol

Pexml-4



Signal distribution and data transferring structure

Global Trigger Unit

GTU based on UT24VE module. It distributes

Trigger & Spill signals to all LTU and collects XOFF
signals form them.

* VME64x 6U Board

* Ethernet Interface

* 24 LEMO 1I/O
T0 Lemo /O Leftside Right side
- 23 24 Spill in Spill out
2 =| & 21 22 Trig in4 XOFF out
Vv | 19 20 Trigin3  Trig out3
‘ Global Trigger Unit (UT24VE) + F3NT24T(Signal Fanout) 17 18 Trig in2 Trig out2
" ' 15 16 Trig inl Trig outl
i m | i n | m n 13 14 XOFF in13 XOFF inl14
= 2 = & ¥ = & =
"zoc | (ECal | | DCH | (TOF400 TOF700, | GEM | [ ST . mweC e

S LV S VI (R S VI U (VR A O (VI S O (VIS A & VIR B O & VI 1 2 XOFFin1  XOFF in2



Signal distribution and data transferring structure

Local Trigger Unit and DCH DAQ

LTU also based on UT24VE module and distributes Trigger & Spill signals to
subsytem's modules and collects XOFF signals form them.

3 kinds of signal distribution: S
VMEG64x crate .

« VMEG4X crates systems | |
| ™ II \I-Lin
 Stand-alone and oo DO Mt ol pExMLa ‘
VME mixed systems 2EIu
——> DGRV
@ .
Spill
VMEG64x crates systems: @ - ?
o DCH E . < L2Tr{igger
= . LTU '
« TOF/700 > . oFe DCH KOFF -
e TOF400 | . TD(EE)F:(“:::IW? UT24VE spil o
L2 Trigger Trigger
DCH FWE(—:FI:AWR L2 Trigger x4 | Fanout
™ TDC64V18 ] Spil xd | Fauroer
- - To WR Switch x4 ~

X4



Signal distribution and data transferring structure

Ecal DAQ

Trigger signals to each ADC64s2 board from cascaded Fanouts via coaxial cables.
XOFF signals from each ADC64s2 board to cascaded LTUs.

Every ADC64s2 connected to WR Switch for timing synchronization.

Optical links to Ethernet switch for data transmission.

Stand-alone systems:

 ECal
« /DC
X3
X2
X32
Ecal L2 Trjigger
LTU - _
Data Link to Eth. Switch x32 XOFFx32 Trigger
| Fanout
Data Link to Eth_ Switch x32 ECal Sl
ADC64s2
Sync to WR Switch x32 L2 Trigger x32 F3NT24T
=1 = =1



Signal distribution and data transferring structure

MWPC DAQ

HRB6ASD modules

located at MWPC

TTB9V modules

synchronize HRB6ASDs

via HRB TTC Links

Data transfering derives

by Ethernet links s

HREB TTC

Mixed systems:
MWPC

VMEG64x Crate

-

| _  Ethemnst
- =

HRBBASD #6 HRE TTGC

| Ethermnet
HRBEASD #7 HRE TTC

' " Ethernst
HRBEBASD #12 HRE TTC

3 :::-":“:“ HRBG6ASD

11-Link

Ethernet x12

MWPC
EVME [ | PEXML-4
TTBOV #1 |- w
|——b =
m
O
=
- -
TTBOV #2 |-
: Spil
Spil
+|_ T LTy L2 Trigger
2Trige = el
B rigger MWPC | ad
MWPC AOFF | U4OVE KOFF
FVYME TMWR
To WR Switch
[

-



Signal distribution and data transferring structure
GEM DAQ

U40VE - universal logical module. It used for

control detector's front-end electronics. Mixed systems:
 GEM
e STS
VMEG4x crates
x4
X40 GEM | L2T&igger -
Oy, LTU Trigger
Fanout
__ DataLink to Eth. Switch x40 - GEM UT24VE
ADC64VE I I T— i
«Qﬁ -g@eﬁﬁﬁl
Control Link to Eth. Switch x14 [
- ' GEM ~
_ To Front-End Electronics x14 U40VE

U40VE x14

X3



Data flow

/

VmeDag System

\

p

Ethernet System

N

DCH TOF7400 | TOF700 ' GEM | STS| ZDC MWPC ECAL
| |
10 Streams <__ W’ — < NJ/ 76 Streams
_ [ 10 FLPs } W \[ 12 FLPs ] Y
[ 3 EPNs } [ 12 EPNs
Global EPNs VSN
4 FLP R
First Level EvB
Processor 4
><
Event
Data Check y :
Flow Control Bileter
Formatting q TDS
Buffering Transient
» LDC Sorting Data Storage
Distribution
k / N J




Global Run Control

Run Control tasks:
.
. . . Start Run Previous Run #Glob_1992
« Configure Trigger Unit
[} Start/stop run Trigger Source Ch# Descr  XOff XOff time |~
External TTL 1 External TTL 2 1 e Run GIObflg 92
- - 2 ZIDC v e
o S d t t/ t I t | I I t External TTL3 (¥ External TTL 4 Standby time 0:0
enda starvstop signalis to all clients _ Run time, B . ans o
. q ey Run Readouttime |0:0 4 STS v e P
Y h k I t t t RANdBm Run XOFF time 005 peH 7 e
Check client's status. oo/s won v e o
Trigger State Trig & Run 23 ven
Trig & Spill 0 7 *
Open ® Close Trig&R&S 0 |8 TOF400 ¥ * B
Trig Accepted 0 |9 TOF700 |4 P Missed 0.00 %
Spill Source
10 Trigword v @
Auto OFF .
n v N @ Dead Time 0.00 %
Timer 60 ms = 12 Ecal v @ -
External TTL Accepted
® External Gate 0.6 10
o
0.2
Global Run Control °
-0.2
14
0.4
0.6
rrr LR L L DL ) T T T
0 2,0004,0006,0008,00010,0002,0004,000 1,000 100 10
Clear Stat =] Spill time, ms Time between triggers, ms
online SlowControl: disconnected UT24VE 046F-2921, IP 25.1°C f/w:1.0.23172

Local Run Control

: \ G|IEObBaI - TDS Clients of Run Control:
Y v * Run Control

FLP \A  VmeDaq
DRE « ADC64 System

EvB
vmedaq
s | « EvB

mstream
ﬂ e Hrb Status




VME Run Control

VmeDagq tasks:

* Recieves start/stop signals
from Run Control.

« Writes confiruration into

modules

» Retransmit data from DRE

to EVB.

VMEDAQ Control [1]
File Operation View Help

Local Run Control

VmeGui

VmeDaq

EvB

DRE

Global
EvB

VMEDAQ Control [1]
T eayjDscodsr Histograms RU
CcPU 0% File Operation View Help
RESET s % Reset everycycle ~ RAW Data Storage i
ot % v NIT ;’:w D“Z:e' Histograms RUN (no storage)
Events decoded e o =
File: disabled RESET Disk % Reseteverycycle  RAW Data Storage
Reset Counts Events decoded Downscale 1 B
m 0.0 psfev File: disabled
— Reset Counts
Run | TRIG | TDC | Modules | Histograms | Stats | RawData m 0.0 usfev
Macthwin (40 |2] 1us En | TDC Hits LT [TRiG | TG Modes | Histograms |Stats | Rawata
Latency (40 [C]1us 9 | spint TRIG Event Statistics
25ps |2 a Ext Gate ExtPulse @ fimer, Unblocked triggers 1041
® Leading g Read out triggers 1041 100.00%
Trailing 0 Wait 1 ) 0.001s Trigger Bits
e [S o 0/(Pulser) 1041 100.00%
3 Duration [1000 = 10005 19 (Endspil) 1
hits g Repeat [1000 | 10005
Mateh window
q Title Count ST TQDC1 TQDC2 LEMOIN
Latency g Trigger Signal Shaper Enable LVDS 0 |Pulser 1047
shaper [3 |2] s0ms 1 State 0001 o+ |- -
W 9 I SRS 2 State 0010 o+ B
q B
o Internal Trigger Generator LvDss (TQpcy) |3 State 0011 o+ |+
Trigger o 4 state 0100 o |- +
* o ) (T ( ) |5 Stateoton o+ - +
= LVDS10 (TQDC;
Common Stop channel 0 g puser (1000 2] e <[ te 0110 . -
TDC Event Statistics 9 LvDs14 (TQDC1) |7 |State 0111 o+ [+ +
Total events 1041100% 9 | LEMO 1/0 Function 8 State 1000 o |- - ¥
q LVDS18 (TQDC2) |8 State 1001 o+ |- - +
9 1 [spill (gate) s 10 State 1010 o |+ - +
9 LVDS22(TQDC2) 11 [State 1011 o+ [+ - +
Q 2 [ spill(gate) ¢ 12 State 1100 o |- + +
q + (spilgate) — LVDS26 (TQDC2) (13 State 1101 o+ |- + +
0 s ° Wos3o (rqpcz) |1 St 1110 o I+ + +
4 [spill (gate) 2 15 State 1111 o+ [+ + +
File Operation View Help
Trigger Logic
RAW Decoder .
INIT o B Histograms  any (ST + TQDC1 + TQDC2 + LEMO) <
RESET Disk 7% Reset evel
Events decoded s 5
File: disabled
: Reset Counts
o= K
Ru: 17R16 | TDC | Modules | Histograms | Stats | Rawbata
Run statistics 035
spill count: 36
Name  Spill counts Run counts
WallTime 0.000 o=
DaqTime1009 35302
Event 1041 36456
XOFF 75919 2658706
MByte 0294 103
025
a
o
= 024
9
2
K
So15
©
a
01
005
o
T T T T T T T T T T T
0 02 04 06 08 1




ADCG64 Run Control

DC64 System tasks:

rite configuration into
evices.

Xecute mstream program
perform FLP function).
heck board's status.

ADC64

Local Run Control

ADC64 System

DRE FLP

mstream

"%
File Options Help
Preamplifier Readout Window DsP Change devices.
Size 1000 3 Y EREEEEE] 29.9 “C 1.0.23174 | 65-128 | Online Adc lock Ok
- ADCGAVE 076C-B9CO 20.4 °C 1.0.23174 1-64 Online Adc lock Ok
Latency |980 2
Trigger
Invert signal Timer
Thr.
¥/ Lemo(TTL)
Zero suppr.
. »
. Start Write file. Channels setup... All channels (1-128) ~
1,000
800
600
400
200
0
T T T T T T T 1
V] 200 400 600 800 1.000
Ev O
ADC64 System #GEM 5 x
Eile Options _Help
Type | Serial st I Address L'C_ Event  TigonXoff | ADCStatus | WRTme  Offset  Lnk Unlock RXEm | Eventrate  Datarate  uptime LM resets
1 ADCGAVE 030D.CF31 7 10.18.40.146 ADC:24PS:22 4 o ok o o o o 601554 0
2 ADCG4VE 076C828E 9 10.18.40.145 ADC:24PS22 4 o ok o o o o 01554 0
3 ADCGAVE 076C:8320 9 10.18.40.135 ADC:29 PS:25 4 3 ok o 0 o 3 601553 0
4 ADCGAVE 076CA266 13 10.18.40.139 ADC:30PS:27 & o ok o o o o 601553 0
S ADCGAVE 076C-A26F 19 10.18.40.143 ADC:32PS:gs 4 o ok o o o o 601553 0
6 ADCAVE 076CBSCO 10 10.18.40.138 ADC:30PS:25 4 o ok o o o o 601553 0
7 ADCGAVE 076C-BASB 5 101840144 ADC:31PS27 4 o ok o o o o 01554 0
9 ADC6AVE 076CDA11 10 10.18.40.137 ADC:26P5:21 & o ok o o o o 01554 0
10 ADCGAVE 076CE3ES 5 1018.40.141 ADC26 4 o ok o o 3 o 601555 0
11 ADCG4VE 076CE3EE 17 10.18.40.142 ADC:30 PS:26 4 o ok o o o o 601553 0
12 ADCGAVE 076D.0889 14 10.18.40.136 ADC:29 PS:26 4 o ok o o o o 601554 0
Mainlog | 030D-CF31 076C-8286 | 076C-8320 | 076C-A266  O76C-A26F  076C-89C0 | O76C-BABE | 076C-DA10 | 076C-DA11 | O76C-E3ES | O7GCE3EE | 076D-0889
14:30:31] (thread GUI] “(076<-828E] Device offin 3
114:31:08] [thread D4 076C-8.2BE] "[ADC64VE 076C-52BE] connected to 10.18.40.145
114:31:08] [thread:GUI] “(076C-82

Vv

€] Device online
D4 076C-828E] *10.18.40.145: Goin:

er 13 retry

14:38:28 D 26E] *(AD an't conne
114:38:28] [threa {ADC64VE 076C-82BE] disconnected"
'4:38:28] [thr '6C-828E] Dev ne’

[14:38:36] [thread D4 076C-82BE] “IADC6AVE 076C-828E] connected to 10.18.40.145'
[14:38:36] [thread:GUI] *(076C-828E] Device online’
14:45:12] [thread:D4 076C-82BE] *10.18.40.145: Going offline

13 retry attempts’
40.14:

[14:46:14] [thread:GUI

ice online’
] (thread:Da 0.14

2BE] "1

4:4516] [thread:D4 ] “[ADCGAVE 07€ nt 0.
[14:45:16] [thread D4 076C-82BE] “IADC64VE 076C-828E] disconnected
14:45:16] [thread:GUI 828E] Device offline
14:45:26] [thread:D4 076C-82BE] "ADC64VE 076 't connect to 10.18.40.14:
4:45:35] [thread:D4 076C-8 2BE] "[ADC64VE 076C-82BE] Can't connect to 10.18.40.14
[14:46:14] [thread D4 076C-52BE] “IADC64VE 076C-82BE] connected to 10.18.40.145
1076¢-828€] Devi

1. ] (thread D4 2BE] "(ADC64VE 28€] Can c

114:51:08] [thread D4 076C-52BE] "IADC64VE 076C-82BE] disconnected
4:51:08] [thread:GUI] “[076C-828E] Device offline’

[14:51:30] [thread D4 076C-82BE] “[ADC64VE 076C-828E] connected to 10.18.40.145

[14:51:30] [thread:GUI] "(076C-82BE] Device online"




Hrb Status tasks:
e Configure devices.

« Execute mstream program

(perform FLP function).
e Check board's status.

Local Run Control

4/

HRB System

/

DRE

v

FLP
mstream

MWPC Run Control

o Hrb Status
File Options Help

Id Ip Time  Temp Spill Event Write ASD 0 ASD 1 ASD 2 ASD 3 ASD 4 ASD 5
1| 0x046f304f | 10.93.120.186 03:10.35 46.2C 0 |0 [0.000 [=|0000 [2[lo000 2 0000 |2[o000 2| 0.000
2/ 0x046efa79 10.93.120.171 03:10:38 467C 0 O [o0o0 2{[o.000 [2][o.000 |Z[o000 |2]o.000 |2 0000
Threshold, v | 0.000 Id Ip Time | Temp Event

Latency, ns |24

window, ns |BD

<|>] [<]>] [e2] [<]>

Min hit dur, ns |B

Write Enable [

Run number 0
[15:
[15:
[15
[15:

115
[15:
[15
[15

[15:
[15:

1 0x046f06a7 1093 120.160 15:15:29 276C 0O

Run analyzer |

Main Log | 0x046f304f 0x046efa79

11:50] [0x046efa79] set trig_src=000e; latency=3(24ns); window=10(80ns); minHitDuration=4(8ns)
11:50] HRB-0 host updated: 10.93 120 186

11:50] [0x046f304f] Device HRB-0 online (10.93.120.186)

11:50] [0x046f304f] device connected fw=1.0.18658

:11:50] [0x046f304f] set asd8 threshold 2048 (0 V)

1
11:50] [0x046f304f] set trig_src=000e; latency=3(24ns); window=10(80ns); minHitDuration=4(8ns)
11:50] [0x046f304f] Timestamp mismatch count 0

:11:50] [0x046f304f] Link 0 (RESET): sync errors 0, code errors 0

12:40] [RemoteControllServer] Established connection from 127.0.0.1:59115
12:40] [RemoteControllServer] Send to remote control:description Hrb Status

Pass
]

o

Block
0

0

Global
EvB

EvB MWPC




Event Builder

Event builde

[12:52:40] [tcpClient #4] "TcpClient #

B t k . File Options Help
EvB tasks:
. . MStream Dx076cB2be’ connected.”
[13:02:30] [tepClient #4] “TcpClien!
e Recive data from clients Straom bxoh6casbe. comided:
[13:04:20] [tcpClient #4] "TepClient
[13:25:50] [tcpClient #4] "TcpClient #4
id readout Online type index host state evNum trashed all flushedSize [13:41:00] [tcpClient #4] "TcpClient #4
( ] e n O 0 u u MStream 0x076¢82be’ connected.”
11 ¥ MStream 0x076cb9c0 bmn-gem Idle readout (0} 0 1} o o [13:46:08] [tcpClient #4] “TcpClient
4 4 ¥ +  MStream 0x076cBZbe bmn gem Idle readout (0} 0 0 0o o [13:56:36] [tcpClient #4] "TcpClient #4

MStream 0x076¢B2be’ connected.”
[13:14:48] [tcpClient #4] “TcpClient #4

« Construct Completed event from S
o [13:23:44] [tcpClient #4] “TcpClient #4

MStream 0x076c82be’ connected.”

[13:38:20] [tcpClient #4] "TcpClien

MStream 0x076cB2be’ connected.”

- - 2 2 ¥ v MStream 0x076d08b9 bmn-gem Idle readout (0} O i} [ [13:51:34] [tcpClient #4] "TepClient

[ ) F I e I n I DS MStream 0x076c82be’ connected.”

3 3 v v Mstream 0x076ca266 bmn-gem Idle readout (0} 0 0 0 o [13:54:24] [tcpClient #4] "TcpClien

e TCP-server for u er EvB WStream Ox07GcaZbe’ connected
5 5 I« v MStream 0x076cd411 bmn-gem Idle readout (0} 0 1] o o [13:58:40] [tcpClient #4] “TcpClient #4

MStream 0x076cB2be’ connected.”

add client

I M5tream 0x076cB2be’ connected.”
MStream 0x076cB2be’ connected.”
MStream 0x076cB2be’ connected.”

6 & |/ W MStream 0x076cbaBb bmn-gem Idle readout (0) O i} [ ] [14:11:02] [tcpClient #4] “TcpClient #4
MStream 0x076c82be’ connected.”

77 ¥ v Mstream 0x076ce3e5 bmn-gem Idle readout (0} 0 a [ ] [14:15:48] [tepClient #4] "TcpClient #4
N MStream 0x076cB2be’ connected.”

8 8 v v Mstream 0x030dcf3l  bmn-gem Idle readout (0} 0 0 0 o [14:18:24)] [tcpClient #4] "TcpClient #4
MStream 0x076cB2be’ connected.”

9 9 v v Mstream 0x076ce3ee bmn-gem Idle readout (0} O Q o o [14:23:22] ltepClient #4] "TepClient #4
MStream 0x076c82be’ connected.”
10 10 [ v MStream 0x076cdd410 bmn-gem Idle readout (0} 0 0 o o [14:27:28] [tcpClient #4] “TcpClien
MStream 0x076cB2be’ connected.”
11 11 v v MStream 0x076c8320 bmn-gem Idle readout (0} 0 0 o o [14:29:44] [tcpClient #4] "TepClient
MStream 0x076c82be’ connected.”

12 12 v v Mstream 0x076cazef bmn-gem Idle readout (0} O (4] 0o o [14:31:08] [tcpClient #41 "TcpClient #4

MStream 0x076cB2be’ connected.”
[14:35:22] [outTcpServers #1] "Current
connection: bmn-daq.he jinr.ru:45748"

S u h -eve nts reg:0:skip:0;e0b-0;clients:;:nextEv:0 monitor:0
_ Event #15 header Completed event _
Read-out #A}» De\{ice #A header ‘TEvent #15 header EvB clients:
Device #A payload| Device #A header  EvB

. Event #15 header ||, Device #A payload e MStream

Read-out #B}» Device #B header | Event-builder Device #B header ° VmeDaq
- | Device #B payload|) | Device #B payload

Event #15 header Device #C header

Read-out #C}» T e o | e Device #C payload
| Pevice #C payload|




MLDP and PNP

Device description: Program description:
 |p-addres « UUID
* Firmware version / revision * App. type
* Model Id# / name * App. index
« Serial number » Host address
« Master Ip/port  List of interfaces

.
 MStream Ip/port * Type/id
 Host
* Port
Device Discovery Dialog x
—  Free flag
Type - Serial ID Firmware Slot IP Address Master MsStream e OK \
7 |ADCGAVE  076C-D410  01.00.23174 7 bmn-gem-adc02 | bmn-gem:45510 | bmn-gem:38315 —_—
8 ADCGAVE  076D-0889 01.00.23174 14 bmn-gem-adc06 bmn-gem:53703  brmn-gem:44449 Cancel
9 |ADCGAVE  076C-D411 01.00.23174 10 bmn-gem-adcl2 | bmn-gem:38053  bmn-gem:56485
10 FVME2TMWWR 046F-35A9 | 01.01.23970 5 bmn-tmwr-daq free free
11 HRBGASD  0GE9-BSBE | 01.00.22544 52 bmn-hrbé-1-4 bmn-hrb-1:48820  bmn-hrb-1:52718

12 HRBBASD 06E9-BB20 01.00.22544 52 bmn-hrbé-
13 HRBBASD 046F-2950 ' 01.00.22544 52 bmn-hrbé-

bmn-hrb-1:39777  bmn-hrb-1:60112
2 bmn-hrb-1:49680  bmn-hrb-1:33445

14 HRBBASD 06E9-BB38 01.00.22544 52 bmn-hrb6-1-6 bmn-hrb-1:44133  bmn-hrb-1:36997
15 HRBBASD 06E9-BB3F 01.00.22544 52 bmn-hrb6-1-5 bmn-hrb-1:50678  bmn-hrb-1:39825
16 TTB9V 046F-06A0 01.00.22937 10 bmn-tth9-2 bmn-hrb-2:44498  free
17 U40VE_SEQ2 0612-0DF8 01.00.22938 3 bmn-gem-seq01 bmn-gem:56713  free
18 U40VE SEQZ 076C-9E38 01.00.22938 4 bmn-gem-seq02 bmn-gem:50058  free -
Manual add... 1 Add 1 Remove
En St Type ~ Serial ID Firmware Slot IP Address Master MStream
1) ¥/ o ADCE4VE  076C-E3EE 01.00.23174 17 bmn-gem-adc07  bmn-gem:35498  bmn-gem:55024 Available device types:
2 o ADCB4VE 076C-E3E5  01.00.23174 5 bmn-gem-adc09  bmn-gem:45266  bmn-gem:35240
3 ¥ o FVME2TMWR 076D-4265 01.01.23970 10 bmn-tmwr-tof400 bmn-tof400:47262 free
4/ v y’ HRBGASD 06E9-B78B  01.00.22544 52 bmn-hrb6-1-1 bmn-hrb-1:48082 bmn-hrb-1:42466

TTBOV 046F-06A7 | 01.00.22937

~

bmn-ttb9-1 bmn-hrb-1:45177  free

o
<
<



Thank you!



Back-up

Local Run Control

ADC64
R 2N
ADC64 System | |Run Control-2

F O\

Global
EvB

DRE .

FLP
mstream

EvB
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