Connecting iBOBs to the

eMerlin Correlator

8t International eVLBI Workshop, Madrid, 22" - 26 June
2009

J Hargreaves
Jodrell Bank Observatory/JIVE

- X

:..: 44‘
B ~PrROS




Introduction

* eMerlin correlator hardware & iBOB connection
* Station Board configuration

* eMerlin import from Onsala

* Data flow control
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Racks

* At left baseline rack
with one board

*There is space for 16

* At right station rack
with 4 Station Boards
out of 8 populated

*Under this a 6U rack
for crossbar boards and
iIBOBs
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Station Boar
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1BOB with Adaptor cards
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1IBOB Backplane
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Station Board Signal Flow

STB Ant/St:4 BB:test0/1 S255-0-4 S/N:0x000f Name/IP:192.168.80.204
Screen Board Conuol FPGA_GUI ErrorCounts Logging Misc

Name/IP:192.168.60.204 Rack-Crate-Slot: 255 0| 4 BoardSerial#: 0x000f @) MCBEE) CPU @) PowerSupply Filter Gain Refresh -- O
State:  configured HW Dsgn/Rev/Ver: | cPu || DM Test || RTDD || Registers || [Clear All Errors||| Set Using val sec:|_10 [

fMain rLugicaI Configuration rCRC rBitStreamFiIes rLoukupTahles rCanigFiIes I/Output[)ata rTIC rHeIp |

Last Refresh Date & Time X-BAR Board

2009-06-12T11:40:45.477 '_"'[ riftEr o J’"’[ FilE 1 w]'"[ UL ]—’[ e J_’[ rftst 4 .]
SLalus & contiol HIagnasiics [ Filter 5 ,]"[ Filter & _ ]"[ Filter 7 ]"[ FiE B ,]"[ Fiﬁ 9. ]
Interrupt Source timingFPGA e Temperature B L B Ll 12 313 15l
CMIE Interrupt Enabled @ vokage “'

FCl Interrupt Enabled

. ] ) . ] ) N I ) . l ) N
Biterasl Heiay Madels  fadl [ Filter'10, [ Filter 11, [ Filter12, [ Filter13, [ Filter 14,
e

= —
= : N . - —
[ v m] [ Filter 155“’]—»[ Filter 15MJ—>[ Filter 17 1J —
DPOSt: 4BB: O t ouputn =
- —
— =1 Dpelay0 [P — o ’?::
B H .0 -] =] =] ] =] - -
# FORM %) Input WEC MCE CFG Timing
$-Bit = Do DDl = Du(E —
—p = Delayl | —
px03 B p.os R E
Out?utl g
DP1St: 4BB: 1 : =
[ rifter o ]-—b[ rifter 1 ! lﬁI——P[ rifter 2 . }—P[ Filter 3 ] —
Dix 1d g i 1 i 2 [ 1=} Ok D]

[ rilter 4 . l]—P[ Filter5 ]—P[ rilter 6 = ]—b[ Filter7 ]—b[ rifter 8 = 25]
2009-06-12 05:01:59 - Restarted. i sl i il L
06/1211:01 emerlin - connected. ‘J'
[ Filtera 2E]—FI Filter 10, 2:]—FI Filter 11 zﬁl—bl Filter 12m$]—>[ Filter 13 h]
; =] ) =5 =
(v 2] Cr bl ams bl ame
| \Pﬁl o F|Iter14h2b Fllterlshz'_ Fllterlshzd Fllterl?hz
up: 0d 0h 41m t

LockState:I I
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SB Signal Flow - Local Data

STB Ant/St:4 BB:test0/1 S255-0-4 S/N:0x000f Name/IP:192.168.80.204
Screen Board Conuol FPGA_GUI ErrorCounts Logging Misc

Mame/IF:192.168.80.204 Rack-Crate-5lot: | 255 0 4 Board Serial#: 0x000f (@) MCE ) CPU ) PowerSupply Filter Gain Refresh -- 0O

State: | configured HW Dsgn/Rev/Ver: | cPu || DM Test || RTDD || Registers || Clear All Errors|

fMain rLugicaI Configuration rCRC rBitStreamFiIes anukupTahles rCanigFiIes rOthpL|tData rTIC rHeIp |

Set Using VCl sec:|_10] [

Last Refresh Date & Time

X-BAR Board

2009-06-12T11:40:45.477 i L™ e popd

Status & Control

Interrupt Source timingFPGA
CMIE Interrupt Enabled
FCl Interrupt Enabled  [w]
External Delay Madels [

=]
=

HEE, :-ac:'.\'_' H %F i | FIE4 E'ac:'rll

Diagnostics [ . ] \HE\K
B Temperature 4 i 10 .,(“] .

& voltage

A\
ilter 7 '\xle Fiﬁ 8\.13]_’[ Fiﬁ 9 1-1]
\

Filt;-lilli_ _I
Dl o

] ] : N 3
[ F|It3|1IJ,\“5]">[ Fllterll:l“E]-‘P[ m:b[\mte. _

Filter IEEHJ—FI Filter

L o] [ nfs, ]

DFO St: 4BB: 0

N

]
Qutput 0

= LiETay U
B oun -] -]
Q eformatten—» I|'|put I“l MCE CFG
£-Bit Do e

] =] -
Timing
DDl = DD

fxDg R

—
{403

DP1st: 4BBE: 1

(TTRITIIT

\ 4

-]
Qutput 1

= ——
Filtel™®

D 1l i L

= 1er 3 ]
2kl 2520 = DB

2009-06-12 05:01:59 —- Restarted.

06/1211:01 emerlin - connected.

up: 0d 0h 41m

rfter s mz]—b[ Filter 7 Mq]—b[ rifter & ,.m]

LTI o T o
v

el

HE ] i
Filterllwﬁ]—F[ Filterlsz—Fl Filter13,‘x2‘]

#

=5 =i =5
Filter 153{2'_]—>[ Filter 1EMJ—PI Filter 1?MJ

LockState:I

(o e
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SB Signal Flow - 8 bit data

Screen Board Control FPGA_GUI

Name/IP:192.168.80.204 Rack-Crate-5lot: = 255 1] 4 Board Serial#: 0
State ;.  configured HW Dsgn/Rev/Ver: CFU

ErrorCounts Logging Misc

fMain [/Lugical Configuration rCRC rBitStreamFiIes [/LnukupTahles [’Confiﬁfiles

Last Refresh Date & Time X-BAR Board
2009-06-12T11:40:45.477 L
Status & Control Diagnostics y B

Interrupt Source timingFPGA B Temperature
CMIE Interrupt Enabled  [w] @ voltage

PCIInterrupt Enabled  [w] / .
External Delay Madels [ Filter 10
s |
I ’7 DPO St: 4BB: 0O t
— elay
-] - =
Q Feformattem—b Input S WEC
> 8-Bit .
{403 B o5 g2

DP1st: 4BBE: 1

Filte

FiEd-

r
| Filter 9

Update \-'ﬁl
up: 0d 0h 41m
LockState:I I

2009-06-1205:01:59 —- Restarted.
06/1211:01 emerlin - connected.

Earliest | sample

b erresh |
]
.

b7

Earliest Q sample
b0
b7

b0
b7

b0
b7

\ 4

pJeog auljlaseg o]

b0
b7

\ 4

b0
b7

Latest | sample

b0
b7

Latest Q sample

bo| O

Both 64 bit data "
paths are identical ,
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SB Signal Flow - eMerlin Export

STB Ant/St:4 BB:test0/1 S255-0-4 S/N:0x000f Name/IP:192.168.80.204
FPGA_GUI

Rack-Crate-5lot:
HW Dsan/RewiVer:

Screen Board Control

Name/IP:192.168.80.204
State ;.  configured

ErrorCounts Logging Misc

2o5 0

4 Board Serial #:

O 000F

B MCBB CFU 8 Fower Supply

Filter Gain Refresh ---O

| cPu || DM Test || RTDD || Registers || Clear All Errors|

sec|_10] [

Set Using VI

fMain rLugicaI Configuration rCRC rBitStreamFiIes anukupTahles rCanigFiIes r CutputData rTIC rHeIp

Last Refresh Date & Time
2009-05-12T11:40:45.477

X-BAR Board

Status & Control Diagnostics
Interrupt Source timingFPGA B Temperature
CMIE Interrupt Enabled @ voltage

FCl Interrupt Enabled  [w]

External Delay Madels [

DFO St

4 BB:

| Filter 4 :.ml

FiterE}A}‘

/u%?/mz]-—bl FiFeirsMu}—D[ Fiﬁﬂn_ )

._
-
:

. ] ] ]
/umw]v—bl F|It3|12:l“?]—’[ F|It9|13}“5]—’[ Filter14

o

N

—
=]

Q eformatteq—»| npu

8-Bit

—
{403

DP1 st

4 BE:

2009-06-1205:01:59 —- Restarted.
06/1211:01 emerlin - connected.

up: 0d 0h 41m

Update

LockState:I
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SB Signal Flow — eMerlin Import

STB Ant/St:4 BB:test0/1 S255-0-4 S/N:0x000f Name/IP:192.168.80.204
Screen Board Conuol FPGA_GUI ErrorCounts Logging Misc

Mame/IF:192.168.80.204 Rack-Crate-5lot: | 255 0 4 Board Serial#: 0x000f (@) MCE ) CPU ) PowerSupply Filter Gain Refresh -- 0O

State:  configured HW Dsgn/ReviVer: [ cPu || pMTest || RTDD || Registers |[/Clear All Errors||| Set Using vl sec:|_10 [

fMain rLugicaI Configuration rCRC rBitStreamFiIes anukupTahles rCanigFiIes rOutputData rTIC rHeIp |

-]
% output 1

3 oxl i) :-:2:-] =

DP1 st: 4BEBE:

Last Refresh Date & Time X-BAR Board
2009-06-12T11:40:45.477 Terl oo B MERZ popa] e o | Fifter 4 :-xml
Status & Control Diagnostics [ Gl ] " [ }E”E\L __’l\@? ) ]h | = 8\ ] [ B ) ]
Interrupt Source timingFPGA & Temperature T el sld iNL Zxld
CMIE Interrupt Enabled @ voltage ';' —I
PCl Interrupt Enabled I
oiecai Depla',-' Madals % [ Filt?rilnm,]-b[ Filgll_l“f]"’[ F.T{Eh\m-h ilté—Fl\s\li [ Filt?rim,_ml @)
=] ] ] - = o
[ v "x"Q‘I [ FiIterlS,‘xLJ—"[ FiIterlE_\“bI—’[ Filter 17 > Q
DPOSt: 4BB: 0 = b KDl o M
L P = -
0 ’-'_
= - x0T (D
[ STV S I MCB I I CFG I |E Timing H
| 8-Bn DL il O > w
$a03 O
Q
ol

i DR

[ rilter 4 Ml]—-F[ Filter 5 Mz]—«P[ Filter 6 m:]"[ filter 7 Mq]—b[ Filter 8 msl
[ Filter @ ME]-’[ Filter 10:.“:]—’[ Filter 11:_‘2ﬁ]->[ Filter 12:.x2§]—>[ Filter 13MJ
[ v J [ Filter 14:_*%]—’[ Filter 159{2'_]—>[ Filter16 20]—’[ Filter 1?mJ

LFrom backplane - o
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2009-06-1205:01:59 —- Restarted.
06/1211:01 emerlin - connected.

Update
up: 0d 0h 41m

LockState:I I




SB Signal Flow — VSI data

b1 | 31 - pmany
b0 Earlies ErrorCounts Logging Misc 0 e - 63
e-Slot: | 255 0 4 Board Serial #:|  0x000f -8 MCE £} CFU A
bl s eviyer: CFU DM T RTDD || Registers || Cl4 0 .
bl _I/ Bif§t|'eamFiIes [/ LookupTables [//ﬁn'igFiles r CutputData rTIC I/_ bl t
b0 X-BWR Board bOO
Eé 0 pune 0
| 2’2:;:?; re [ FI? 3 '.-xl:'.'].*[ }%\l B Eé
| Yoltage
: [ Filt?riln._..m]——b[ Filt}a-ill:_xlil‘* : Input Chip pads with
! _ v ! zeros to make 4 bit
I L o ] | s B | samples
| PO St:  4BB: 0 l This time the data
| From b ! paths are
[ | independent
| o |
. | Wideband data
b0 l clocked at 256MHz
; X | . . .
o PLSe SR [ ! The configuration is
- 5 similar to 3 bit EVLA
b0 I 0
bl [ Fiﬁd- .’.'x!l]—>[ Filter5 5-222]_-‘ bl
Latest r
b0 0 b0
[ ERIERD .T-x2§}+[ F”{-;lu.'.«z:]-— 0
VS| data path " 0 | Latest
. . . ate N bl
contains sixteen 2 bit izl L ) | el b o
samples 1 t
From barCRplallc N x
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State Count Histograms

Amplitude +—  Amplitude
<>
]
_
<7
<>
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v Time
State Count
A
\/ A
State State
Sinusoid Gausian

x
« 7 o

- x
25th June 2009 Connecting iBOBs to the eMerlin Correlator Slide #14 EXPR@S



Station Board State Counts

STB Ant/St:4 BB:test0/1 S255-0-4 S/N:0x000f Name/IP:192.168.80.204
Screen Board Conuol FPGA_GUI ErrorCounts Logging Misc

Name/IP:192.168.60.204 Ratk-Crate-Slot: | 255 0 4 BoardSerial#: 0x000f @@ MCE) CPU B PowerSupply Filter Gain Refresh -- O
State :  configured HW Dsgn/Rev/Ver: | cPu || DM Test || RTDD || Registers || [Clear All Errors||| Set Using val sec:|_10 [

fMain rLugicaI Configuration rCRC rBitStreamFiIes rLoukupTahles rCanigFiIes I/Output[)ata rTIC rHeIp |

Last Refresh Date & Time X-BAR Board

2009-06-12T11:40:45.477 ' '[ pilter l.L] '[ “El'_-ml '[ piter 2'_«&-' '[ F”er':-ﬂ-l 'l F”. :-ml
ALduk & Conuo) 2iEgnastics [ FiE ‘I—D[ FiE ;I—D[ FiE m—&[ Fim—bl Fim
Interrupt Source timingFPGA & Temperature 4 10 fall i uxld il]

CMIE Interrupt Enabled @ vohage

PCI Interrupt Enabled [ . [ . - [ -] [ ; [ : ‘ l
L 8 ritter 1), Filter 1 Fifter Fitte @), Fitlg),

T ) Y Y W W

DPOSt: 4BB: O t o P —
- —-
— . =1 Dpelay0 [P ] -
] B 004 = & @ ] = o+ =
# FORM %) Input i WEC MCE CFG E Timing b
2 - | Do 0 [T [P f—
| BBt L, Delay1l =P —
gD B o5 gx02 =
Out?utl =
DP1St: 4BBE: 1 r —
[ rifter ‘LI——D[ Fifter ﬂ——b[ rifter QC“I—P[ Flm & =

2009-06-12 05:01:59 —- Restarted. [ FiTQ—J—’[ FiE g-’[ Fiﬁ ﬂ-’[ Fim—’[ Fim'-ﬂsl

06/1211:01 emerlin - connected.
[ FimQ_I_’[ E ll]_’[ Fler IQJ_’[ F"w[ F"m
E Z 25 Q2

Update [ vﬁlﬂ [ Filterlﬁ]—’[ Filterlgl—bl Film Fir=NY
up: 0d 0h 41m t

LockState:I I

- -
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Input Chip State Counts 88MHz

Q'i'n11gn'it:|

|| = InputState Counts Window v A x £ * Input State Counts Window ———— v A x
Window Window
Input state Counts: 192.168.80.204 Input State Counts: 192.168.80.204
Timestamp: 2009-05-29 14:30:39.330 Dataset 272 Timestamp: 2009-05-29 16:07:51.330 DataSet 3188
Band 0 Band 0
00,000 00,000
00,000 00,000
00,000 O d B I I l 00,000 O d B I I l
ntynua an nf
00,000 Input State Counts Window ¥ & x
EDJUU[\ P
"gggg Input State Counts: 192.168.80.204
(“”4"0" Timestamp: 2009-05-29 16:25:07.330 DataSet 3706
o Bana o
00,000 00,000
00,000 00,000
20000 0000
T ; . : : : ; ; : . : : : ; . : 00,000
0
0 1 2 a 4 5 6 7 [ 9 10 11 12 13 14 15 R - m
Input state
00,000
00,000
00,000
a0 o
Input State Counts Window _ v A x
Window

Input State Counts : 192.168.80.204
Timestamp: 2009-05-29 16:20:51.330 Dataset 3578
Band 0
00,000

.10 dBm

00,000

00,000

00,008
00,000
00,000
00,000
00,000
00,000
00,000
00,000
00,000
00,000
00,000

0

1 2 3 4 5 6 7 8 ] 10 1 12 13 #1s
Input State

Data from Onsala via Network Data from local iBOB . x
* o
. >
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Filter Chip State Counts

ilo Clutputl Ho |
Filter State Counts Window

Window
12 Fliter State Counts : 192.168.80.204
Timestamp: 2009-06-19 14:17:22.970 Dataset 786
Fliter chip: 1
T0E6

6OEE
S0EE
40E6

Path 1

30E6
20E6

- 10ER
0.0E0 .Il---_——___--.

0.0E0

Path O

ark

k Filter Output State
T T | CREE maa | CRCE e | ERET puan EWER | T e e

Filter chip output
Data source is 88MHz, -6dBm sinusoid at Onsala

SB configured as for 3 bit EVLA .,

. >
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1BOB Control (RH]J)

Ten Gb Network

10Gb
Port O

A 4

JBO Receive iBOB

A

Data Stream

to Station BZDI?KI to

Bo ackplane
o converter

Windows Control PC

*Gui control software in
C#

*Setup and run UDP
packet flows for testing
the link

*Start and stop real data

10/100
Ethernet
_ TCPIP

UDP
control
packets

10Gb
Port O

A 4

Onsala Transmit iBOB

JBO PC

Actor

Onsala
PC

Actor

LLAA A

*Can be anywhere
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1IBOB Control Register

* 32 bit register allows software control over FPGA fabric
* Interface is common to iNetTest and data flow

iBOB Control Register IBOB Status Register

Bit Use Bit Use

0 Arm - start test flow on next PPS 0-15 Packet size from MAC

1 Not used 16- Receiver state

2 One shot - start test flow immediately 23 Not used

3 Cancel burst - return transmitter to idle 24- Real time done - 1 when time has been set
4 state 28 Sending - 1 when transmitting packets

5 Reset Counters - reset statistics counters 29 Control pkt - 0 = data, 1 = control packet
6 Histogram enable - 30

7 Event enable 31

8 Send data

9 Set realtime
10- Latch Time

31 Not used

x
« 7 o
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Conclusion

Questions/Answers

* Contact information
Dr Jonathan Hargreaves
Electronic Engineer
Jodrell Bank Observatory
jh@jb.man.ac.uk

* Additional Information
http://expres-eu.org/ [note: only one
IISII]
http://www . jive.nl/

* EXPReS is made possible through the support of
the European Commission (DG-INFSO), Sixth
Framework Programme, Contract #026642 . -,

. >
25th June 2009 Connecting iBOBs to the eMerlin Correlator Slide #20 EXP R@S



