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All ceramic wireplane frames must undergo a series of electrical tests before they are released for wireplane construction. The same tests are performed again after the frames are strung with wires before they are installed into a detector. After assembly into a detector one more series of tests is done on the wireplane before installation in a beamline. Problems can occur at any time and it is better to find them “on the bench” rather than after the detector is installed in a beamline and becomes very difficult or impossible to remedy without a great deal of time and effort.

Two tests are required to be performed on every frame. First, a continuity test must be performed in order to assure that there is a continuous low resistance path from the surface mount ribbon connector to the wire bonding pads. Second, every conductor must be tested to assure that it is not shorted to another. Since the conductors are deposited on an essentially two dimensional surface it is only necessary to test each conductor for leakage against the two immediately next to it on either side. After assembly into a detector the same tests verify not only the integrity of the wireplane but also the interconnecting cables and vacuum feed through connectors built into the detector.
 
We have several custom test instruments available to perform these tests with a minimum of effort and time. The first test is for continuity from the connector to the wirepads and through the wires if they have been mounted. The second test is for high resistance leakage between adjacent conductors and is done with a Multiwire Test Switch Box and an Agilent model 34410A digital multimeter or equivalent instrument capable of reading up to 1 gigohm (1000 megohms) of resistance.


TESTING CERAMIC FRAMES WITHOUT WIRES

TEST ONE: TESTING FOR TRACE CONTINUITY
Required Equipment:
Test Cable Set (Photo 1)
50 Conductor SWIC Cable Tester (Photo 3)
Conductive Braid Strip .125 wide by 2.250 long (Photo 4)
Pressure block .188 wide by 2.250 long

1. Use the special two part test cable to connect the 50 position header on the back of the SWIC cable tester to the ribbon connector on the frame. See photo 1.
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2. Connect the two part test cable to the connector on the back panel of the cable tester and to the frame to be tested. Observe that there is a white triangle on the Kapton® ribbon at the surface mount connector end indicating wire number one. Insert the ribbon cable into the connector on the frame with the white triangle at position one of the connector as indicated on the frame. See photos 2 and 3.
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3. Turn on the cable tester and set it for continuous run.

4. Observe that none of the indicator lights on the cable tester lights up. Any indicators that light up indicate a low resistance short between two or more of the conductive traces or connector pins.

5. Use the strip of conductive braid to short together the upper wire bonding pads on the frame. By using a block of material approximately the length and width of the strip to press on the braid you can often short all of them at once and speed up the testing. Here we are using a 50 pin ribbon cable end connector as a pressure block to hold the braid. See photo 4.
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Observe the display on the cable tester and verify that each one of the 50 lights indicates when the conductive strip is applied to the surface of the wire bonding pads. The pads can all be shorted together at once or, if this is too difficult, a subset of them can be shorted in sequence while you watch for a corresponding indication for those pads on the tester display. Also you can set the tester for manual step mode and step through the channels one by one if it is difficult to discern whether every LED lights up in the sequence or if one is skipped over. Any LED that does not light, even with concerted effort to short the associated pad to its neighbors, shows that the pad is electrically open and has no continuity to the connector.

6. Repeat the procedure for the other plane.


TEST TWO: WIRE TO WIRE LEAKAGE
Required Equipment:
Test Cable Set (Photo 1)
Multiwire Test Switch Box (Photo 5)
Digital Ohmmeter
BNC to dual banana plug coaxial cable

1. Use the special test cable to connect the 50 position header on the back of the Multiwire Test Switch Box to the two part test cable on the frame. Observe the wire #1 markings. See photos 2 and 5.
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2. Connect a digital ohmmeter to the WIRE TO WIRE TEST (ODD TO EVEN) BNC connector on the back of the Multiwire Test Switch Box. Connect the positive input of the meter to the center and negative to the shield of the coaxial cable. See Photo 6.
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3. Set the digital meter to read two wire ohms measurements on the highest resistance scale.

4. Set the WIRE PAIR SELECT switches on the Multiwire Test Switch Box to the following:

ODD		EVEN		TENS		Sngl Wire Tst
1		2		0’s		NA

Observe that the ohmmeter reads infinity.

5. Continue testing the remaining wires by setting the switches following the sequence in CHART 1 at the end of this document. After changing each setting observe that the ohmmeter never reads other than infinity. Transient lower readings as you change switch settings are acceptable. Any switch setting that results in a reading on the meter indicates leakage between wires.

6. Repeat the procedure for the other plane axis.


TESTING CERAMIC FRAMES WITH WIRES
TESTING FOR TRACE / WIRE CONTINUITY AND WIRE TO WIRE LEAKAGE
Test Cable Set (Photo 1)
Multiwire Test Switch Box (Photo 5)
Digital Ohmmeter
Needle point test probe
BNC to dual banana plug coaxial cable

1. If the frame has wires bonded to the surface it becomes too risky to apply a shorting braid to the pads. The wires can easily be damaged with a misapplication of the braid. Use the single wire test function of the Multiwire Test Switch Box for both tests.
2. Connect a digital ohmmeter to the SINGLE WIRE TEST (ODD OR EVEN) BNC connector on the back of the Multiwire Test Switch Box. See photo 7. Use a needle point test probe connected to the PROBE banana jack on the back panel to ground each wire pad one by one for testing See photos 7 and 8.
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3. Set the WIRE PAIR SELECT switches on the Multiwire Test Switch Box to the following:

ODD		EVEN		TENS		Sngl Wire Tst
1		2		0’s		ODD

Set the SINGLE WIRE TEST switch to the ODD position. This will start the test at wire position number one on the wireframe.
4. Touch the probe tip to the wire pad number one at the bottom end of the wire. See photo 9 for an example of probing a wire pad. Be very careful not to touch or otherwise contact the wires as you apply the probe.
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5. Observe the reading on the ohmmeter. Depending on the type of wire on the frame the resistance should read a relatively low value. Titanium or tungsten may read in the tens or hundreds of ohms. Carbon will read several thousand ohms. If the reading is infinite the wire continuity is open. If the wire reads tens of thousands of ohms or higher check the opposite end of the wire at the upper pads to see if there is continuity to that point. If there is continuity at the upper pad then the wire itself has a bad connection to the frame.
6. After testing the first wire move the probe to the next pad before changing the switch settings. This tests the wire to wire leakage from wire one to wire two. Note the ohmmeter reading. It should be infinite.
7. Change the SINGLE WIRE TEST switch setting from ODD to EVEN to test the continuity of wire number two. Observe the ohmmeter reading. It should now show a low reading similar to the previous wire.
8. Once again move the probe to the next pad before changing the switch settings. This tests the wire to wire leakage from wire two to wire three. Note the ohmmeter reading. It should be infinite.
9. Change the WIRE PAIR SELECT switches on the Multiwire Test Switch Box to the following: 
ODD		EVEN		TENS		Sngl Wire Tst
3		4		0’s		ODD

Continue testing the remaining wires by setting the switches following the sequence in CHART 2 at the end of this document alternating between ODD and EVEN wires as was done for testing wire one and wire two. 
[bookmark: _GoBack]10. Repeat the tests for the other plane axis.


SUMMARY
Any wire or set of wires that shows no continuity should be carefully inspected for breaks or scratches on the traces. Inspect the surface mount connector for poor solder joints. Any wires that show shorts or leakage should be closely inspected. Low resistance shorts generally are the result of solder and conductive epoxy bridges between adjacent conductors. 
Solder shorts between the pins of the surface mount connector have occasionally been observed. These must be cleared by careful mechanical removal of excess solder either by reheating with a very small tipped iron or slicing with a small craft knife.
Conductive epoxy shorts between wirepads have to be removed by carefully cutting and scraping between the pads with a fine blade craft knife. 
Moderate to high resistance leakage is generally due to minute invisible metallization traces. Minute traces can usually be popped open with the application of a discharge from an electrolytic capacitor. Apply the discharge to the desired wires by connecting the ceramic frame to the Multiwire Test Switch Box and setting the ODD - EVEN - TENS switches to the two wires to be treated. Charge a 20 microfarad capacitor to 150 volts and attach it to the WIRE TO WIRE TEST (ODD TO EVEN) BNC connector through a push button switch. Press the button to discharge the capacitor through the short. Retest the wires.
High resistance leakage can also be observed and removed using a Tektronix 576 Semiconductor Curve Tracer. Set up the frame as you would for a wire to wire leakage test. Substitute a Tektronix 576 curve tracer for the digital ohmmeter. Connect the Collector terminal of the curve tracer to the center and the Emitter terminal to the shield of the coaxial cable. Select the wire pair to test and advance the collector voltage on the curve tracer as necessary to obtain a volt/current trace on the display. Advancing the applied voltage/current far enough will usually show erratic current flow followed by an open circuit verifying that the leakage path has been cleared. It is the responsibility of the technician to learn the safe and proper operation of a curve tracer before attempting to use one. The setup and operation of a semiconductor curve tracer is beyond the scope of this document.

CHART 1
WIRE TO WIRE LEAKAGE SWITCH SETTINGS CHART

WIRES		ODD		EVEN		TENS

1 - 2 		1		2		0’s
3 - 2		3		2		0’s
3 - 4		3		4		0’s
5 - 4		5		4		0’s
5 - 6 		5		6		0’s
7 - 6		7		6		0’s
7 - 8		7		8		0’s
9 - 8		9		8		0’s
9 - 10		9		10		0’s
11 - 10		11		10		0’s

21 - 20		11		10		10’s
19 - 20		9		10		10’s
19 - 18		9		8		10’s
17 - 18		7		8		10’s
17 - 16		7		6		10’s
15 - 16		5		6		10’s
15 - 14		5		4		10’s
13 - 14		3		4		10’s
13 - 12		3		2		10’s
11 - 12		1		2		10’s

21 - 22		1		2		20’s
23 - 22		3		2		20’s
23 - 24		3		4		20’s
25 - 24		5		4		20’s
25 - 26		5		6		20’s
27 - 26		7		6		20’s
27 - 28		7		8		20’s
29 - 28		9		8		20’s
29 - 30		9		10		20’s
31 - 30		11		10		20’s

41 - 40		11		10		30’s
39 - 40		9		10		30’s
39 - 38		9		8		30’s
37 - 38		7		8		30’s
37 - 36		7		6		30’s
35 - 36		5		6		30’s
35 - 34		5		4		30’s
33 - 34		3		4		30’s
33 - 32		3		2		30’s
31 - 32		1		2		30’s

41 - 42		1		2		40’s
43 - 42		3		2		40’s
43 - 44		3		4		40’s
45 - 44		5		4		40’s
45 - 46		5		6		40’s
47 - 46		7		6		40’s
47 - 48		7		8		40’s
49 - 48		9		8		40’s
49 - 50		9		10		40’s



CHART 2
WIRE CONTINUITY / LEAKAGE SELECT SWITCH SETTINGS CHART

WIRE		ODD		EVEN		TENS	SINGLE WIRE TEST

1 		1		2		0’s		ODD
2		1		2		0’s		EVEN
3		3		4		0’s		ODD
4		3		4		0’s		EVEN
5 		5		6		0’s		ODD
6		5		6		0’s		EVEN
7		7		8		0’s		ODD
8		7		8		0’s		EVEN
9		9		10		0’s		ODD
10		9		10		0’s		EVEN

11		1		2		10’s		ODD
12		1		2		10’s		EVEN
13		3		4		10’s		ODD
14		3		4		10’s		EVEN
15		5		6		10’s		ODD
16		5		6		10’s		EVEN
17		7		8		10’s		ODD
18		7		8		10’s		EVEN
19		9		10		10’s		ODD
20		9		10		10’s		EVEN

21		1		2		20’s		ODD
22		1		2		20’s		EVEN
23		3		4		20’s		ODD
24		3		4		20’s		EVEN
25		5		6		20’s		ODD
26		5		6		20’s		EVEN
27		7		8		20’s		ODD
28		7		8		20’s		EVEN
29		9		10		20’s		ODD
30		9		10		20’s		EVEN

31		1		2		30’s		ODD
32		1		2		30’s		EVEN
33		3		4		30’s		ODD
34		3		4		30’s		EVEN
35		5		6		30’s		ODD
36		5		6		30’s		EVEN
37		7		8		30’s		ODD
38		7		8		30’s		EVEN
39		9		10		30’s		ODD
40		9		10		30’s		EVEN

41		1		2		40’s		ODD
42		1		2		40’s		EVEN
43		3		4		40’s		ODD
44		3		4		40’s		EVEN
45		5		6		40’s		ODD
46		5		6		40’s		EVEN
47		7		8		40’s		ODD
48		7		8		40’s		EVEN
49		9		10		40’s		ODD
50		9		10		40’s		EVEN
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