Modules on Disk 9 with Redundancy Links

Results are presented for four modules mounted on Disk 9 with and without their redundancy links present. 

The modules are mounted as neighbours with an anchor hybrid at each end. This is shown schematically below, Figure 1. 

The Disk is mounted within a test box inside an environment chamber. The chamber temperature is set to -5(C. The modules are furthermore cooled by forced air, typically the hybrid thermistor temperatures vary between 14(C to 25(C.


Figure 1. Schematic of Module Layout on Disk

Module Readout, Chip orientation






Figure 2, Chip Orientation and Redundancy data flow

Chips 1 to 6 are on the top of the hybrid, chips 7 to 12 are on the underside.

Power Supplies and Grounding

The power supplies used are LV0 types, with updated firmware, these are then interconnected to a temporary patch panel (PP1FD) via 18m screened power cables. The connections to PPF0 from PPF1D are made by unscreened 1m ribbon cables. No common-mode chokes or filters are used.

The grounding philosophy adopted is where one is trying to minimise the voltage difference between modules, so as to reduce any inter-module noise injection. This has been achieved by tying the module grounds together with a low impedance connection:

· All modules are connected at the cooling block area via a ground ‘finger’ from the Power tape. The ‘finger’ on the Power tape is from AGND.

· All cooling blocks on the Disk are tied together electrically via their cooling pipes and also by Copper foils, laid on the Disk, between the cooling blocks.

Results

All results obtained are for the Input Noise extracted from a Noise Occupancy threshold scan, the only results being shown are for the modules and not hybrids. 

As a reference the Redundancy links between modules was left disconnected between the modules, see Figure 3 below. The noise profile across the 4 modules of interest shows no structure and is within the specification of (1500e ENC.
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Figure 3, Input Noise across the 4 modules without Redundancy Connections

The threshold scan was repeated but this time with the Redundancy connections made between all modules and hybrids, Figure 4.


[image: image2.wmf]Redundancy link connection made

500

1000

1500

2000

2500

1

2

3

4

5

6

7

8

9

10

11

12

Chip

Input Noise (ENC)

Module 132

Module 45

Module 52

Module 221


Figure 4, Input Noise with the Redundant Connections made

Clearly the noise structure across all 4 modules changes dramatically. All modules show increasing noise across chips 4 to 9 and a reduction in chips 1 to 3 and 10 to 12 (see explanation later on, Input Noise Reduction). Furthermore the 2 ‘Inner’ modules, whose Silicon sensors are overlapped on both sides (modules 45 and 52), show a greater increase in their input noise. Whereas the ‘Outer’ modules, whose sensors are only overlapped to one side, as they neighbour hybrids, do not show a larger increase.  This noise structure is asymmetric with very high noise to one side of the module, the Redundancy Input connection side. 

Figure 5, below, shows schematically the Redundancy interconnection between modules. The interconnect is made up of 2 differential LVDS signals (CLK1 and COM1), a single-ended control line (SELECTR) and a DGND return line between the 2 modules. For the LVDS signals, the signal current that flows in one conductor will flow back through the other conductor, thus completing the current loop. For real high speed signals, which will have common-mode noise current present as well, a short ground return path is also required between the driver and receiver. If this ground line did not exist this return current will find its own route back, for example by being capacitively coupled into the receiver modules ground plane and returning via the cooling pipes/Cu foils on the disk to the transmitting DORIC. This will involve a large loop area with increased inductance hence generating a voltage difference between the module grounds i.e. it will be injecting a noise voltage into the module.

By adding a 5K1 resistor in series with the DGND return line one is in effect forcing the common-mode return current to flow back along the path of least ‘resistance’ i.e. instead of returning across the redundancy interconnect it will return as suggested above (as if there was no ground line present). Which involves a larger loop area for the return path with increased inductance. 

Only by making the resistor in the return path to 0ohms will the return current flow back along a much shorter route and corresponding smaller loop. This will result in a lower loop inductance and hence the voltage difference between the module grounds is reduced and thereby minimising any noise injection.




Figure 5, Schematic of the Redundancy Connection between 2 modules

If, as suggested above, that the noise mechanism is due to the 5K1 resistor in the DGND return path on the module receiving the redundant signals then changing this to 0ohms should result in reduced noise. The 5K1 was hence changed to 0ohms on all modules and hybrids. The results are shown below in Figure 6.
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Figure 6, Input Noise with Redundant Connections and 0ohm module resistor

The plot shown above clearly shows that by improving the common-mode currents’ return path has the affect of reducing the input noise. But it still does not recover it back to when there was no redundant link present. 

To test to see if the increased noise is due to common-mode noise injection originating from the signal traces on the neighbouring module the redundancy interconnect was modified such that only the ground connection is made between the modules (whilst retaining the 0ohms link on the module).

By making only a ground connection between the modules their performance recovers to that without the redundant connections being made, see Figure 7. This implies that there must be a common-mode signal present on either the DORICs redundant output traces or the SELECTR line (which originates from LV0). But for the Redundant links to function we require all these signals to be present.
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Figure 7, Input Noise with Ground connection only on the Redundancy Link

The results so far presented indicate that there is a common-mode noise problem between modules with the redundant link in place. Furthermore the modules’ input noise, with the links present, can be improved by changing the 5K1 resistor to 0ohms. 

But, as indicated above, the modules never fully recover back to their original state when the links where not in place. The plot in Figure 6 suggests that there is still a residual impedance in the return path which is causing common-mode noise injection into the modules. Visual inspection of the redundancy links show that their physical makeup is made of small diameter (<0.3mm diameter) single conductors. It could be that the return path on the link still does not have sufficiently low impedance. For optimum performance differential signals should be routed above a continuous ground plane, this presents the shortest route possible for any common-mode switching currents to return and means that the loop area is minimised. This was implemented by adding a Cu foil  to the redundant links and then connecting the foil to the Dgnd return pin at each connector end. 
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Figure 8, Input Noise with the modified Redundant Connections and  0ohm module resistor

These results (Figure. 8) indicate that one can nearly fully recover the module’s input noise performance by simply improving the common-mode currents return path present on the redundancy links.

An alternative solution would be to try and use common-mode chokes instead. To test this solution out, a common-mode choke (Ferrite bead) was attached to each of the redundancy links of module 45. All other links were left unmodified.
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Figure 9, Input Noise with ferrite beads on Module 45 redundancy links and  0ohm module resistors

The addition of the ferrite beads gives the best results (Figure. 9), in terms of recovering the module’s input noise. BUT as the modules will be operating within a magnetic field one cannot use such devices unless they are of an air core type. There is also the problem of how one would incorporate these components into the redundancy scheme, a choke is required on 5 of the signal traces. A choke should not be introduced into the ground return path as one would simply increase the inductance of this path thereby forcing the high frequency switching noise to return via another lower inductance path  (which could result in increased noise). 

Input Noise reduction

One observed anomaly, when the Redundancy link is made between the modules, is that there is not only an increase in the input noise to one side of the module but also a reduction  in the noise on the other side.

The problem we believe is due to the S-curves being distorted on one side of the module. The calculated input noise is extracted from a straight line fit to the Log Occupancy vs Threshold2, any discontinuity on this plot can result in a ‘bad’ fit’, see the plots below. But this can also be a good indicator of the quality of the S-curves and the presence of any common-mode (non-Gaussian) noise.
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Figure 10, Log Occupancy vs Threshold2, No Redundant Link Present
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Figure 11, Log Occupancy vs Threshold2, with Redundant Link Present
Event Count and Triggering

Presently with the ROD system being used here in Liverpool there are 2 important caveats to be aware of:

· Only 1000 events per threshold step is taken. This will produce anomalous results where a large number of statistics is required i.e. at increasing threshold where the occupancy is reducing. The quoted values for the Noise Occupancy at 1fC are probably incorrect (or at least have a large error associated with the measurement). 

· Only single trigger readout has been implemented i.e. reading out and then sending another trigger. During readout when the ABCDs receive a trigger the Master output drivers switch on to output their data, this action results in there being a large switching current pulse on the VDD digital supply line. As the hybrid traces and power cables have a finite impedance there is a corresponding voltage drop on the VDD line. This only occurs after receipt of the trigger. As the ABCDs incorporate pipeline architecture and for single trigger readout, present data collection occurs before the dip in the VDD line i.e. the VDD line is nominally ‘static’.

A direct consequence of this is that the results presented are probably ‘ideal’ and are not truly representative of what will happen in reality when data collection will occur when the power supplies are moving. IT COULD GET WORSE.

Conclusion

To summarise the results presented above:

· Without the redundancy links present the modules achieve their design specification of 1500e ENC for their input noise, Figure 3.

· Once the redundant link is made between modules their noise profile becomes asymmetric with greatly increased input noise for those chips adjacent to the redundancy input connector (both top and bottom of the module), Figure 4.

· By simply changing the value of a single resistor, on the module, helps to recover their input noise performance, Figure 6.

· Further improvement can be achieved by adding a ‘ground’ plane in parallel to the redundant signals present on the redundancy interconnect, Figure 8.

· An alternative solution would be to use common-mode chokes integrated into the redundancy links, Figure 9. But as the modules will be required to operate within a magnetic field this is clearly not feasible.
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		Description of test results taken in Liverpool on disk 9 (13/7 to 15/7)

		Aim is to understand the noise increase seen in connection with the redundancy links.

		Setup: 4 modules are put on neighbouring positions on disk 9 with in addition on either end a hybrid

		Following the direction of the redundancy link we have: hybrid 1 -> module 132 -> module 45 -> module 52 -> module 221 -> hybrid 2

		Test 1: no redundant links between the modules

		Module 132		Module 45		Module 52		Module 221

		1351		1282		1477		1465

		1362		1376		1529		1489

		1453		1261		1386		1433

		1502		1262		1429		1460

		1499		1120		1327		1411

		1493		1314		1487		1437

		1495		1155		1528		1427

		1467		1127		1329		1450

		1428		1333		1454		1529

		1436		1418		1545		1650

		1373		1228		1691		1555

		1337		1294		1501		1458

		Conclusion: noise profile is flat and typically 1300 to 1500

		Test 2: With redundant link in (and with default 5.1 kOhm resistor)

		Module 132		Module 45		Module 52		Module 221

		1283		1343		1188		1502

		1290		1296		1250		1371

		1344		1320		1238		1337

		1598		1891		1803		1427

		1687		1767		1949		1493

		1751		2360		2137		1664

		1771		2040		2088		1616

		1784		2119		1829		1587

		1550		1964		1793		1526

		1286		1498		1408		1562

		1264		1312		1378		1405

		1187		1361		1281		1381

		Conclusion: noise profile very asymmetric very high noise on one side of the detector

		Test 3: with redundant link and 0 Ohm resistor

		Module 132		Module 45		Module 52		Module 221

		1229		1031		1270		1463

		1303		1067		1366		1450

		1390		1217		1321		1437

		1587		1372		1582		1444

		1591		1221		1415		1489

		1588		1494		1717		1515

		1623		1335		1705		1501

		1600		1269		1459		1505

		1480		1386		1586		1549

		1371		1282		1482		1655

		1272		1020		1506		1464

		1235		1062		1308		1443

		Conclusion: asymmetric noise effect reduced by a factor 3 roughly. Reduced noise on oposite

		side of detector (?) May be due failing fit on funny shaped data.

		Test 4: We used a special redundancy link with only the GND-line connected (resistor 0 ohms)

		Module 132		Module 45		Module 52		Module 221

		1385		1211		1505		1571

		1366		1205		1542		1525

		1462		1290		1447		1424

		1532		1323		1464		1435

		1536		1155		1253		1479

		1513		1403		1467		1480

		1546		1198		1489		1480

		1460		1171		1299		1460

		1426		1354		1477		1502

		1424		1389		1588		1661

		1377		1166		1680		1505

		1343		1220		1466		1512

		Conclusion: noise profile same as with no redundancy link in

		This would suggest there is noise on the redundancy output lines of the doric (even when the redundant clock/commands are not active), returning via the ground line

		(or via the ground plane on the disk when we have a high resistor in the redunancy ground return).

		Test 5: we put ferrite beads around the redundant links surrounding module 45 (resistor 0 ohms)

		Module 132		Module 45		Module 52		Module 221

		1337		1271		1396		1502

		1317		1293		1478		1447

		1382		1369		1391		1445

		1540		1342		1509		1474

		1549		1222		1351		1478

		1556		1405		1587		1521

		1600		1261		1579		1518

		1538		1229		1373		1516

		1413		1399		1511		1565

		1367		1475		1532		1755

		1354		1247		1609		1516

		1324		1311		1406		1452

		Conclusion: the common mode choke appears to remove all additional noise!

		(Ferrite beads don't work in a high B field unfortunately, but some air-core coils might do)

		Test 6: redundancy links with copper foil connection from ground to ground to lower impedance

		Module 132		Module 45		Module 52		Module 221

		1309		993		1400		1512

		1288		1012		1414		1449

		1373		1086		1383		1423

		1570		1229		1481		1458

		1570		1011		1194		1474

		1548		1334		1519		1498

		1571		1118		1533		1500

		1532		1138		1304		1488

		1455		1263		1460		1564

		1371		1213		1524		1744

		1296		1005		1604		1570

		1270		1061		1265		1461

		Conclusion: modifying the redundant link to lower the impedance of its ground return seems

		to recover largely the behaviour without the redundant link in. It is certainly better that the

		behaviour seen with 0 ohms only. (module 45 has very low noise, likely due to failing fit on

		funny looking data)

		Test 7: removed redundant links to do a repeat reference data set

		Module 132		Module 45		Module 52		Module 221

		1400		1409		1481		1524

		1382		1457		1554		1465

		1435		1455		1443		1427

		1545		1473		1466		1383

		1522		1323		1345		1419

		1522		1519		1482		1470

		1534		1357		1496		1501

		1471		1318		1302		1461

		1399		1504		1468		1529

		1432		1601		1553		1762

		1377		1419		1663		1557

		1387		1496		1524		1498

		"options":

		Doing no modifications and connection the redundancy links will result in increased noise on one side of the detectors.

		Note that the absolute noise we measure is alrger that that measure by Jo Pater! Which setup is closer to the final one(?)

		Not connecting the redundancy link means we may loose modules if  dorics we fail and we would loose a tool that can be used to time in modules.

		Replacing the 5k1 resistor in the ground line with a 0 ohm one appears to reduce the noise effect by a about a factor two but does not remove it.

		It is unclear what the risk of loosing modules is when we these resistor need to be replaced.

		Replacing both the resistor and modifying the redundacy link to have a lower impedance ground return

		seems to bring the noise levels back very close to what they are without the redundancy.

		This probably implies redesigning the redundancy link which may cause some delay(?)

		Redesigning the redundancy link to include some form of common mode choke. This could not be done with a ferrite but would need to be an air coil

		in the 5 lines (all but ground) of the redundancy link. This would porbably allow the 5k1 to be left on the detector (needs to be verified).

		As yet unclear: allthough we see similar behaviour then the tests Jo Pater did, the absolute effect we see is much larger.

		Does the doric produce the noise we see or does it just pass it on from some other (external?) source)

		If the noise comes from the doric is it the same magnitude on all?

		If the source is somewhere else it could be due to the fact that we are not using chokes on power supply cables etc.
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		Description of test results taken in Liverpool on disk 9 (13/7 to 15/7)

		Aim is to understand the noise increase seen in connection with the redundancy links.

		Setup: 4 modules are put on neighbouring positions on disk 9 with in addition on either end a hybrid

		Following the direction of the redundancy link we have: hybrid 1 -> module 132 -> module 45 -> module 52 -> module 221 -> hybrid 2

		Test 1: no redundant links between the modules

		Module 132		Module 45		Module 52		Module 221

		1351		1282		1477		1465

		1362		1376		1529		1489

		1453		1261		1386		1433

		1502		1262		1429		1460

		1499		1120		1327		1411

		1493		1314		1487		1437

		1495		1155		1528		1427

		1467		1127		1329		1450

		1428		1333		1454		1529

		1436		1418		1545		1650

		1373		1228		1691		1555

		1337		1294		1501		1458

		Conclusion: noise profile is flat and typically 1300 to 1500

		Test 2: With redundant link in (and with default 5.1 kOhm resistor)

		Module 132		Module 45		Module 52		Module 221

		1283		1343		1188		1502

		1290		1296		1250		1371

		1344		1320		1238		1337

		1598		1891		1803		1427

		1687		1767		1949		1493

		1751		2360		2137		1664

		1771		2040		2088		1616

		1784		2119		1829		1587

		1550		1964		1793		1526

		1286		1498		1408		1562

		1264		1312		1378		1405

		1187		1361		1281		1381

		Conclusion: noise profile very asymmetric very high noise on one side of the detector

		Test 3: with redundant link and 0 Ohm resistor

		Module 132		Module 45		Module 52		Module 221

		1229		1031		1270		1463

		1303		1067		1366		1450

		1390		1217		1321		1437

		1587		1372		1582		1444

		1591		1221		1415		1489

		1588		1494		1717		1515

		1623		1335		1705		1501

		1600		1269		1459		1505

		1480		1386		1586		1549

		1371		1282		1482		1655

		1272		1020		1506		1464

		1235		1062		1308		1443

		Conclusion: asymmetric noise effect reduced by a factor 3 roughly. Reduced noise on oposite

		side of detector (?) May be due failing fit on funny shaped data.

		Test 4: We used a special redundancy link with only the GND-line connected (resistor 0 ohms)

		Module 132		Module 45		Module 52		Module 221

		1385		1211		1505		1571

		1366		1205		1542		1525

		1462		1290		1447		1424

		1532		1323		1464		1435

		1536		1155		1253		1479

		1513		1403		1467		1480

		1546		1198		1489		1480

		1460		1171		1299		1460

		1426		1354		1477		1502

		1424		1389		1588		1661

		1377		1166		1680		1505

		1343		1220		1466		1512

		Conclusion: noise profile same as with no redundancy link in

		This would suggest there is noise on the redundancy output lines of the doric (even when the redundant clock/commands are not active), returning via the ground line

		(or via the ground plane on the disk when we have a high resistor in the redunancy ground return).

		Test 5: we put ferrite beads around the redundant links surrounding module 45 (resistor 0 ohms)

		Module 132		Module 45		Module 52		Module 221

		1337		1271		1396		1502

		1317		1293		1478		1447

		1382		1369		1391		1445

		1540		1342		1509		1474

		1549		1222		1351		1478

		1556		1405		1587		1521

		1600		1261		1579		1518

		1538		1229		1373		1516

		1413		1399		1511		1565

		1367		1475		1532		1755

		1354		1247		1609		1516

		1324		1311		1406		1452

		Conclusion: the common mode choke appears to remove all additional noise!

		(Ferrite beads don't work in a high B field unfortunately, but some air-core coils might do)

		Test 6: redundancy links with copper foil connection from ground to ground to lower impedance

		Module 132		Module 45		Module 52		Module 221

		1309		993		1400		1512

		1288		1012		1414		1449

		1373		1086		1383		1423

		1570		1229		1481		1458

		1570		1011		1194		1474

		1548		1334		1519		1498

		1571		1118		1533		1500

		1532		1138		1304		1488

		1455		1263		1460		1564

		1371		1213		1524		1744

		1296		1005		1604		1570

		1270		1061		1265		1461

		Conclusion: modifying the redundant link to lower the impedance of its ground return seems

		to recover largely the behaviour without the redundant link in. It is certainly better that the

		behaviour seen with 0 ohms only. (module 45 has very low noise, likely due to failing fit on

		funny looking data)

		Test 7: removed redundant links to do a repeat reference data set

		Module 132		Module 45		Module 52		Module 221

		1400		1409		1481		1524

		1382		1457		1554		1465

		1435		1455		1443		1427

		1545		1473		1466		1383

		1522		1323		1345		1419

		1522		1519		1482		1470

		1534		1357		1496		1501

		1471		1318		1302		1461

		1399		1504		1468		1529

		1432		1601		1553		1762

		1377		1419		1663		1557

		1387		1496		1524		1498

		"options":

		Doing no modifications and connection the redundancy links will result in increased noise on one side of the detectors.

		Note that the absolute noise we measure is alrger that that measure by Jo Pater! Which setup is closer to the final one(?)

		Not connecting the redundancy link means we may loose modules if  dorics we fail and we would loose a tool that can be used to time in modules.

		Replacing the 5k1 resistor in the ground line with a 0 ohm one appears to reduce the noise effect by a about a factor two but does not remove it.

		It is unclear what the risk of loosing modules is when we these resistor need to be replaced.

		Replacing both the resistor and modifying the redundacy link to have a lower impedance ground return

		seems to bring the noise levels back very close to what they are without the redundancy.

		This probably implies redesigning the redundancy link which may cause some delay(?)

		Redesigning the redundancy link to include some form of common mode choke. This could not be done with a ferrite but would need to be an air coil

		in the 5 lines (all but ground) of the redundancy link. This would porbably allow the 5k1 to be left on the detector (needs to be verified).

		As yet unclear: allthough we see similar behaviour then the tests Jo Pater did, the absolute effect we see is much larger.

		Does the doric produce the noise we see or does it just pass it on from some other (external?) source)

		If the noise comes from the doric is it the same magnitude on all?

		If the source is somewhere else it could be due to the fact that we are not using chokes on power supply cables etc.
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		Description of test results taken in Liverpool on disk 9 (13/7 to 15/7)

		Aim is to understand the noise increase seen in connection with the redundancy links.

		Setup: 4 modules are put on neighbouring positions on disk 9 with in addition on either end a hybrid

		Following the direction of the redundancy link we have: hybrid 1 -> module 132 -> module 45 -> module 52 -> module 221 -> hybrid 2

		Test 1: no redundant links between the modules

		Module 132		Module 45		Module 52		Module 221

		1351		1282		1477		1465

		1362		1376		1529		1489

		1453		1261		1386		1433

		1502		1262		1429		1460

		1499		1120		1327		1411

		1493		1314		1487		1437

		1495		1155		1528		1427

		1467		1127		1329		1450

		1428		1333		1454		1529

		1436		1418		1545		1650

		1373		1228		1691		1555

		1337		1294		1501		1458

		Conclusion: noise profile is flat and typically 1300 to 1500

		Test 2: With redundant link in (and with default 5.1 kOhm resistor)

		Module 132		Module 45		Module 52		Module 221

		1283		1343		1188		1502

		1290		1296		1250		1371

		1344		1320		1238		1337

		1598		1891		1803		1427

		1687		1767		1949		1493

		1751		2360		2137		1664

		1771		2040		2088		1616

		1784		2119		1829		1587

		1550		1964		1793		1526

		1286		1498		1408		1562

		1264		1312		1378		1405

		1187		1361		1281		1381

		Conclusion: noise profile very asymmetric very high noise on one side of the detector

		Test 3: with redundant link and 0 Ohm resistor

		Module 132		Module 45		Module 52		Module 221

		1229		1031		1270		1463

		1303		1067		1366		1450

		1390		1217		1321		1437

		1587		1372		1582		1444

		1591		1221		1415		1489

		1588		1494		1717		1515

		1623		1335		1705		1501

		1600		1269		1459		1505

		1480		1386		1586		1549

		1371		1282		1482		1655

		1272		1020		1506		1464

		1235		1062		1308		1443

		Conclusion: asymmetric noise effect reduced by a factor 3 roughly. Reduced noise on oposite

		side of detector (?) May be due failing fit on funny shaped data.

		Test 4: We used a special redundancy link with only the GND-line connected (resistor 0 ohms)

		Module 132		Module 45		Module 52		Module 221

		1385		1211		1505		1571

		1366		1205		1542		1525

		1462		1290		1447		1424

		1532		1323		1464		1435

		1536		1155		1253		1479

		1513		1403		1467		1480

		1546		1198		1489		1480

		1460		1171		1299		1460

		1426		1354		1477		1502

		1424		1389		1588		1661

		1377		1166		1680		1505

		1343		1220		1466		1512

		Conclusion: noise profile same as with no redundancy link in

		This would suggest there is noise on the redundancy output lines of the doric (even when the redundant clock/commands are not active), returning via the ground line

		(or via the ground plane on the disk when we have a high resistor in the redunancy ground return).

		Test 5: we put ferrite beads around the redundant links surrounding module 45 (resistor 0 ohms)

		Module 132		Module 45		Module 52		Module 221

		1337		1271		1396		1502

		1317		1293		1478		1447

		1382		1369		1391		1445

		1540		1342		1509		1474

		1549		1222		1351		1478

		1556		1405		1587		1521

		1600		1261		1579		1518

		1538		1229		1373		1516

		1413		1399		1511		1565

		1367		1475		1532		1755

		1354		1247		1609		1516

		1324		1311		1406		1452

		Conclusion: the common mode choke appears to remove all additional noise!

		(Ferrite beads don't work in a high B field unfortunately, but some air-core coils might do)

		Test 6: redundancy links with copper foil connection from ground to ground to lower impedance

		Module 132		Module 45		Module 52		Module 221

		1309		993		1400		1512

		1288		1012		1414		1449

		1373		1086		1383		1423

		1570		1229		1481		1458

		1570		1011		1194		1474

		1548		1334		1519		1498

		1571		1118		1533		1500

		1532		1138		1304		1488

		1455		1263		1460		1564

		1371		1213		1524		1744

		1296		1005		1604		1570

		1270		1061		1265		1461

		Conclusion: modifying the redundant link to lower the impedance of its ground return seems

		to recover largely the behaviour without the redundant link in. It is certainly better that the

		behaviour seen with 0 ohms only. (module 45 has very low noise, likely due to failing fit on

		funny looking data)

		Test 7: removed redundant links to do a repeat reference data set

		Module 132		Module 45		Module 52		Module 221

		1400		1409		1481		1524

		1382		1457		1554		1465

		1435		1455		1443		1427

		1545		1473		1466		1383

		1522		1323		1345		1419

		1522		1519		1482		1470

		1534		1357		1496		1501

		1471		1318		1302		1461

		1399		1504		1468		1529

		1432		1601		1553		1762

		1377		1419		1663		1557

		1387		1496		1524		1498

		"options":

		Doing no modifications and connection the redundancy links will result in increased noise on one side of the detectors.

		Note that the absolute noise we measure is alrger that that measure by Jo Pater! Which setup is closer to the final one(?)

		Not connecting the redundancy link means we may loose modules if  dorics we fail and we would loose a tool that can be used to time in modules.

		Replacing the 5k1 resistor in the ground line with a 0 ohm one appears to reduce the noise effect by a about a factor two but does not remove it.

		It is unclear what the risk of loosing modules is when we these resistor need to be replaced.

		Replacing both the resistor and modifying the redundacy link to have a lower impedance ground return

		seems to bring the noise levels back very close to what they are without the redundancy.

		This probably implies redesigning the redundancy link which may cause some delay(?)

		Redesigning the redundancy link to include some form of common mode choke. This could not be done with a ferrite but would need to be an air coil

		in the 5 lines (all but ground) of the redundancy link. This would porbably allow the 5k1 to be left on the detector (needs to be verified).

		As yet unclear: allthough we see similar behaviour then the tests Jo Pater did, the absolute effect we see is much larger.

		Does the doric produce the noise we see or does it just pass it on from some other (external?) source)

		If the noise comes from the doric is it the same magnitude on all?

		If the source is somewhere else it could be due to the fact that we are not using chokes on power supply cables etc.
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		Description of test results taken in Liverpool on disk 9 (13/7 to 15/7)

		Aim is to understand the noise increase seen in connection with the redundancy links.

		Setup: 4 modules are put on neighbouring positions on disk 9 with in addition on either end a hybrid

		Following the direction of the redundancy link we have: hybrid 1 -> module 132 -> module 45 -> module 52 -> module 221 -> hybrid 2

		Test 1: no redundant links between the modules

		Module 132		Module 45		Module 52		Module 221

		1351		1282		1477		1465

		1362		1376		1529		1489

		1453		1261		1386		1433

		1502		1262		1429		1460

		1499		1120		1327		1411

		1493		1314		1487		1437

		1495		1155		1528		1427

		1467		1127		1329		1450

		1428		1333		1454		1529

		1436		1418		1545		1650

		1373		1228		1691		1555

		1337		1294		1501		1458

		Conclusion: noise profile is flat and typically 1300 to 1500

		Test 2: With redundant link in (and with default 5.1 kOhm resistor)

		Module 132		Module 45		Module 52		Module 221

		1283		1343		1188		1502

		1290		1296		1250		1371

		1344		1320		1238		1337

		1598		1891		1803		1427

		1687		1767		1949		1493

		1751		2360		2137		1664

		1771		2040		2088		1616

		1784		2119		1829		1587

		1550		1964		1793		1526

		1286		1498		1408		1562

		1264		1312		1378		1405

		1187		1361		1281		1381

		Conclusion: noise profile very asymmetric very high noise on one side of the detector

		Test 3: with redundant link and 0 Ohm resistor

		Module 132		Module 45		Module 52		Module 221

		1229		1031		1270		1463

		1303		1067		1366		1450

		1390		1217		1321		1437

		1587		1372		1582		1444

		1591		1221		1415		1489

		1588		1494		1717		1515

		1623		1335		1705		1501

		1600		1269		1459		1505

		1480		1386		1586		1549

		1371		1282		1482		1655

		1272		1020		1506		1464

		1235		1062		1308		1443

		Conclusion: asymmetric noise effect reduced by a factor 3 roughly. Reduced noise on oposite

		side of detector (?) May be due failing fit on funny shaped data.

		Test 4: We used a special redundancy link with only the GND-line connected (resistor 0 ohms)

		Module 132		Module 45		Module 52		Module 221

		1385		1211		1505		1571

		1366		1205		1542		1525

		1462		1290		1447		1424

		1532		1323		1464		1435

		1536		1155		1253		1479

		1513		1403		1467		1480

		1546		1198		1489		1480

		1460		1171		1299		1460

		1426		1354		1477		1502

		1424		1389		1588		1661

		1377		1166		1680		1505

		1343		1220		1466		1512

		Conclusion: noise profile same as with no redundancy link in

		This would suggest there is noise on the redundancy output lines of the doric (even when the redundant clock/commands are not active), returning via the ground line

		(or via the ground plane on the disk when we have a high resistor in the redunancy ground return).

		Test 5: we put ferrite beads around the redundant links surrounding module 45 (resistor 0 ohms)

		Module 132		Module 45		Module 52		Module 221

		1337		1271		1396		1502

		1317		1293		1478		1447

		1382		1369		1391		1445

		1540		1342		1509		1474

		1549		1222		1351		1478

		1556		1405		1587		1521

		1600		1261		1579		1518

		1538		1229		1373		1516

		1413		1399		1511		1565

		1367		1475		1532		1755

		1354		1247		1609		1516

		1324		1311		1406		1452

		Conclusion: the common mode choke appears to remove all additional noise!

		(Ferrite beads don't work in a high B field unfortunately, but some air-core coils might do)

		Test 6: redundancy links with copper foil connection from ground to ground to lower impedance

		Module 132		Module 45		Module 52		Module 221

		1309		993		1400		1512

		1288		1012		1414		1449

		1373		1086		1383		1423

		1570		1229		1481		1458

		1570		1011		1194		1474

		1548		1334		1519		1498

		1571		1118		1533		1500

		1532		1138		1304		1488

		1455		1263		1460		1564

		1371		1213		1524		1744

		1296		1005		1604		1570

		1270		1061		1265		1461

		Conclusion: modifying the redundant link to lower the impedance of its ground return seems

		to recover largely the behaviour without the redundant link in. It is certainly better that the

		behaviour seen with 0 ohms only. (module 45 has very low noise, likely due to failing fit on

		funny looking data)

		Test 7: removed redundant links to do a repeat reference data set

		Module 132		Module 45		Module 52		Module 221

		1400		1409		1481		1524

		1382		1457		1554		1465

		1435		1455		1443		1427

		1545		1473		1466		1383

		1522		1323		1345		1419

		1522		1519		1482		1470

		1534		1357		1496		1501

		1471		1318		1302		1461

		1399		1504		1468		1529

		1432		1601		1553		1762

		1377		1419		1663		1557

		1387		1496		1524		1498

		"options":

		Doing no modifications and connection the redundancy links will result in increased noise on one side of the detectors.

		Note that the absolute noise we measure is alrger that that measure by Jo Pater! Which setup is closer to the final one(?)

		Not connecting the redundancy link means we may loose modules if  dorics we fail and we would loose a tool that can be used to time in modules.

		Replacing the 5k1 resistor in the ground line with a 0 ohm one appears to reduce the noise effect by a about a factor two but does not remove it.

		It is unclear what the risk of loosing modules is when we these resistor need to be replaced.

		Replacing both the resistor and modifying the redundacy link to have a lower impedance ground return

		seems to bring the noise levels back very close to what they are without the redundancy.

		This probably implies redesigning the redundancy link which may cause some delay(?)

		Redesigning the redundancy link to include some form of common mode choke. This could not be done with a ferrite but would need to be an air coil

		in the 5 lines (all but ground) of the redundancy link. This would porbably allow the 5k1 to be left on the detector (needs to be verified).

		As yet unclear: allthough we see similar behaviour then the tests Jo Pater did, the absolute effect we see is much larger.

		Does the doric produce the noise we see or does it just pass it on from some other (external?) source)

		If the noise comes from the doric is it the same magnitude on all?

		If the source is somewhere else it could be due to the fact that we are not using chokes on power supply cables etc.
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		Description of test results taken in Liverpool on disk 9 (13/7 to 15/7)

		Aim is to understand the noise increase seen in connection with the redundancy links.

		Setup: 4 modules are put on neighbouring positions on disk 9 with in addition on either end a hybrid

		Following the direction of the redundancy link we have: hybrid 1 -> module 132 -> module 45 -> module 52 -> module 221 -> hybrid 2

		Test 1: no redundant links between the modules

		Module 132		Module 45		Module 52		Module 221

		1351		1282		1477		1465

		1362		1376		1529		1489

		1453		1261		1386		1433

		1502		1262		1429		1460

		1499		1120		1327		1411

		1493		1314		1487		1437

		1495		1155		1528		1427

		1467		1127		1329		1450

		1428		1333		1454		1529

		1436		1418		1545		1650

		1373		1228		1691		1555

		1337		1294		1501		1458

		Conclusion: noise profile is flat and typically 1300 to 1500

		Test 2: With redundant link in (and with default 5.1 kOhm resistor)

		Module 132		Module 45		Module 52		Module 221

		1283		1343		1188		1502

		1290		1296		1250		1371

		1344		1320		1238		1337

		1598		1891		1803		1427

		1687		1767		1949		1493

		1751		2360		2137		1664

		1771		2040		2088		1616

		1784		2119		1829		1587

		1550		1964		1793		1526

		1286		1498		1408		1562

		1264		1312		1378		1405

		1187		1361		1281		1381

		Conclusion: noise profile very asymmetric very high noise on one side of the detector

		Test 3: with redundant link and 0 Ohm resistor

		Module 132		Module 45		Module 52		Module 221

		1229		1031		1270		1463

		1303		1067		1366		1450

		1390		1217		1321		1437

		1587		1372		1582		1444

		1591		1221		1415		1489

		1588		1494		1717		1515

		1623		1335		1705		1501

		1600		1269		1459		1505

		1480		1386		1586		1549

		1371		1282		1482		1655

		1272		1020		1506		1464

		1235		1062		1308		1443

		Conclusion: asymmetric noise effect reduced by a factor 3 roughly. Reduced noise on oposite

		side of detector (?) May be due failing fit on funny shaped data.

		Test 4: We used a special redundancy link with only the GND-line connected (resistor 0 ohms)

		Module 132		Module 45		Module 52		Module 221

		1385		1211		1505		1571

		1366		1205		1542		1525

		1462		1290		1447		1424

		1532		1323		1464		1435

		1536		1155		1253		1479

		1513		1403		1467		1480

		1546		1198		1489		1480

		1460		1171		1299		1460

		1426		1354		1477		1502

		1424		1389		1588		1661

		1377		1166		1680		1505

		1343		1220		1466		1512

		Conclusion: noise profile same as with no redundancy link in

		This would suggest there is noise on the redundancy output lines of the doric (even when the redundant clock/commands are not active), returning via the ground line

		(or via the ground plane on the disk when we have a high resistor in the redunancy ground return).

		Test 5: we put ferrite beads around the redundant links surrounding module 45 (resistor 0 ohms)

		Module 132		Module 45		Module 52		Module 221

		1337		1271		1396		1502

		1317		1293		1478		1447

		1382		1369		1391		1445

		1540		1342		1509		1474

		1549		1222		1351		1478

		1556		1405		1587		1521

		1600		1261		1579		1518

		1538		1229		1373		1516

		1413		1399		1511		1565

		1367		1475		1532		1755

		1354		1247		1609		1516

		1324		1311		1406		1452

		Conclusion: the common mode choke appears to remove all additional noise!

		(Ferrite beads don't work in a high B field unfortunately, but some air-core coils might do)

		Test 6: redundancy links with copper foil connection from ground to ground to lower impedance

		Module 132		Module 45		Module 52		Module 221

		1309		993		1400		1512

		1288		1012		1414		1449

		1373		1086		1383		1423

		1570		1229		1481		1458

		1570		1011		1194		1474

		1548		1334		1519		1498

		1571		1118		1533		1500

		1532		1138		1304		1488

		1455		1263		1460		1564

		1371		1213		1524		1744

		1296		1005		1604		1570

		1270		1061		1265		1461

		Conclusion: modifying the redundant link to lower the impedance of its ground return seems

		to recover largely the behaviour without the redundant link in. It is certainly better that the

		behaviour seen with 0 ohms only. (module 45 has very low noise, likely due to failing fit on

		funny looking data)

		Test 7: removed redundant links to do a repeat reference data set

		Module 132		Module 45		Module 52		Module 221

		1400		1409		1481		1524

		1382		1457		1554		1465

		1435		1455		1443		1427

		1545		1473		1466		1383

		1522		1323		1345		1419

		1522		1519		1482		1470

		1534		1357		1496		1501

		1471		1318		1302		1461

		1399		1504		1468		1529

		1432		1601		1553		1762

		1377		1419		1663		1557

		1387		1496		1524		1498

		"options":

		Doing no modifications and connection the redundancy links will result in increased noise on one side of the detectors.

		Note that the absolute noise we measure is alrger that that measure by Jo Pater! Which setup is closer to the final one(?)

		Not connecting the redundancy link means we may loose modules if  dorics we fail and we would loose a tool that can be used to time in modules.

		Replacing the 5k1 resistor in the ground line with a 0 ohm one appears to reduce the noise effect by a about a factor two but does not remove it.

		It is unclear what the risk of loosing modules is when we these resistor need to be replaced.

		Replacing both the resistor and modifying the redundacy link to have a lower impedance ground return

		seems to bring the noise levels back very close to what they are without the redundancy.

		This probably implies redesigning the redundancy link which may cause some delay(?)

		Redesigning the redundancy link to include some form of common mode choke. This could not be done with a ferrite but would need to be an air coil

		in the 5 lines (all but ground) of the redundancy link. This would porbably allow the 5k1 to be left on the detector (needs to be verified).

		As yet unclear: allthough we see similar behaviour then the tests Jo Pater did, the absolute effect we see is much larger.

		Does the doric produce the noise we see or does it just pass it on from some other (external?) source)

		If the noise comes from the doric is it the same magnitude on all?

		If the source is somewhere else it could be due to the fact that we are not using chokes on power supply cables etc.
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		Description of test results taken in Liverpool on disk 9 (13/7 to 15/7)

		Aim is to understand the noise increase seen in connection with the redundancy links.

		Setup: 4 modules are put on neighbouring positions on disk 9 with in addition on either end a hybrid

		Following the direction of the redundancy link we have: hybrid 1 -> module 132 -> module 45 -> module 52 -> module 221 -> hybrid 2

		Test 1: no redundant links between the modules

		Module 132		Module 45		Module 52		Module 221

		1351		1282		1477		1465

		1362		1376		1529		1489

		1453		1261		1386		1433

		1502		1262		1429		1460

		1499		1120		1327		1411

		1493		1314		1487		1437

		1495		1155		1528		1427

		1467		1127		1329		1450

		1428		1333		1454		1529

		1436		1418		1545		1650

		1373		1228		1691		1555

		1337		1294		1501		1458

		Conclusion: noise profile is flat and typically 1300 to 1500

		Test 2: With redundant link in (and with default 5.1 kOhm resistor)

		Module 132		Module 45		Module 52		Module 221

		1283		1343		1188		1502

		1290		1296		1250		1371

		1344		1320		1238		1337

		1598		1891		1803		1427

		1687		1767		1949		1493

		1751		2360		2137		1664

		1771		2040		2088		1616

		1784		2119		1829		1587

		1550		1964		1793		1526

		1286		1498		1408		1562

		1264		1312		1378		1405

		1187		1361		1281		1381

		Conclusion: noise profile very asymmetric very high noise on one side of the detector

		Test 3: with redundant link and 0 Ohm resistor

		Module 132		Module 45		Module 52		Module 221

		1229		1031		1270		1463

		1303		1067		1366		1450

		1390		1217		1321		1437

		1587		1372		1582		1444

		1591		1221		1415		1489

		1588		1494		1717		1515

		1623		1335		1705		1501

		1600		1269		1459		1505

		1480		1386		1586		1549

		1371		1282		1482		1655

		1272		1020		1506		1464

		1235		1062		1308		1443

		Conclusion: asymmetric noise effect reduced by a factor 3 roughly. Reduced noise on oposite

		side of detector (?) May be due failing fit on funny shaped data.

		Test 4: We used a special redundancy link with only the GND-line connected (resistor 0 ohms)

		Module 132		Module 45		Module 52		Module 221

		1385		1211		1505		1571

		1366		1205		1542		1525

		1462		1290		1447		1424

		1532		1323		1464		1435

		1536		1155		1253		1479

		1513		1403		1467		1480

		1546		1198		1489		1480

		1460		1171		1299		1460

		1426		1354		1477		1502

		1424		1389		1588		1661

		1377		1166		1680		1505

		1343		1220		1466		1512

		Conclusion: noise profile same as with no redundancy link in

		This would suggest there is noise on the redundancy output lines of the doric (even when the redundant clock/commands are not active), returning via the ground line

		(or via the ground plane on the disk when we have a high resistor in the redunancy ground return).

		Test 5: we put ferrite beads around the redundant links surrounding module 45 (resistor 0 ohms)

		Module 132		Module 45		Module 52		Module 221

		1337		1271		1396		1502

		1317		1293		1478		1447

		1382		1369		1391		1445

		1540		1342		1509		1474

		1549		1222		1351		1478

		1556		1405		1587		1521

		1600		1261		1579		1518

		1538		1229		1373		1516

		1413		1399		1511		1565

		1367		1475		1532		1755

		1354		1247		1609		1516

		1324		1311		1406		1452

		Conclusion: the common mode choke appears to remove all additional noise!

		(Ferrite beads don't work in a high B field unfortunately, but some air-core coils might do)

		Test 6: redundancy links with copper foil connection from ground to ground to lower impedance

		Module 132		Module 45		Module 52		Module 221

		1309		993		1400		1512

		1288		1012		1414		1449

		1373		1086		1383		1423

		1570		1229		1481		1458

		1570		1011		1194		1474

		1548		1334		1519		1498

		1571		1118		1533		1500

		1532		1138		1304		1488

		1455		1263		1460		1564

		1371		1213		1524		1744

		1296		1005		1604		1570

		1270		1061		1265		1461

		Conclusion: modifying the redundant link to lower the impedance of its ground return seems

		to recover largely the behaviour without the redundant link in. It is certainly better that the

		behaviour seen with 0 ohms only. (module 45 has very low noise, likely due to failing fit on

		funny looking data)

		Test 7: removed redundant links to do a repeat reference data set

		Module 132		Module 45		Module 52		Module 221

		1400		1409		1481		1524

		1382		1457		1554		1465

		1435		1455		1443		1427

		1545		1473		1466		1383

		1522		1323		1345		1419

		1522		1519		1482		1470

		1534		1357		1496		1501

		1471		1318		1302		1461

		1399		1504		1468		1529

		1432		1601		1553		1762

		1377		1419		1663		1557

		1387		1496		1524		1498

		"options":

		Doing no modifications and connection the redundancy links will result in increased noise on one side of the detectors.

		Note that the absolute noise we measure is alrger that that measure by Jo Pater! Which setup is closer to the final one(?)

		Not connecting the redundancy link means we may loose modules if  dorics we fail and we would loose a tool that can be used to time in modules.

		Replacing the 5k1 resistor in the ground line with a 0 ohm one appears to reduce the noise effect by a about a factor two but does not remove it.

		It is unclear what the risk of loosing modules is when we these resistor need to be replaced.

		Replacing both the resistor and modifying the redundacy link to have a lower impedance ground return

		seems to bring the noise levels back very close to what they are without the redundancy.

		This probably implies redesigning the redundancy link which may cause some delay(?)

		Redesigning the redundancy link to include some form of common mode choke. This could not be done with a ferrite but would need to be an air coil

		in the 5 lines (all but ground) of the redundancy link. This would porbably allow the 5k1 to be left on the detector (needs to be verified).

		As yet unclear: allthough we see similar behaviour then the tests Jo Pater did, the absolute effect we see is much larger.

		Does the doric produce the noise we see or does it just pass it on from some other (external?) source)

		If the noise comes from the doric is it the same magnitude on all?

		If the source is somewhere else it could be due to the fact that we are not using chokes on power supply cables etc.
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#REF!

#REF!

#REF!

#REF!
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input noise

redundant links with better ground connection



		1		1		1		1



#REF!

#REF!

#REF!

#REF!

chip no

input noise

difference
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#REF!

#REF!

#REF!

#REF!

chip no
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Difference to 0 ohms only
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#REF!
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No redundancy link
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Module 132

Module 45

Module 52

Module 221

chip

input noise

redundancy link and default 5k1 resistor
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		0		0		0		0
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Module 132

Module 45

Module 52

Module 221

chip

input noise

redundancy link and 0 ohm resistor
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Module 132

Module 45

Module 52

Module 221

chip

input noise

special link with ground line only (0 ohms)
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		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0
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		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0



Module 132

Module 45

Module 52

Module 221

chip

input noise

ferrite beads on redundancy links into and from mod 45 (0 ohms)



		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0
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		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0



Module 132

Module 45

Module 52

Module 221

chip

input noise

redundancy link with copper foil frokm ground to ground to lower impedance (0 ohms)
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		0		0		0		0
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		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0



Module 132

Module 45

Module 52

Module 221

chip

input noise

no redundacny links (repeat of reference data set)



		





		






