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Testing HDI and VHDI Flexible Printed Circuits.

In order to provide known-good assemblies for use in construction of the Forward Pixel Detector Panels, the flexible printed circuits used in these assemblies will be tested by Kansas State University prior to subsequent assembly steps.  We are investigating the possibility and cost of third-party testing of these circuits after fabrication and prior to delivery.  If this option proves to be feasible, the ability to test circuits at Kansas State University (summarized below) can be utilized as a means of incoming circuit inspection.

1.0 Introduction

HDI and VHDI flexible printed circuits will be used to pass electronic control and data signals between a Token Bit Manager (TBM) control chip and some number of PSI-46 Readout Chips bump-bonded to pixel detectors.  Both circuits are seen to be two-layer circuits; two layers of copper bonded to a polyimide base layer, with cover coats over each copper layer.  Openings in the cover coats will provide access to pads on the circuit for; die attachment, wire bond accessibility and/or substrate grounding.

1.1 VHDI Circuits.  A VHDI circuit will be populated with PSI-46 readout chips and some passive components.  Laminated to a silicon substrate, the assembly is a plaquette. Seven different VHDI designs are required to account for the various pixel detector sizes and plaquette orientations.  To facilitate the assembly of plaquettes, we will combine a number of different VHDI circuits into a single set of design files that we will send to the circuit fabricator.  After we receive a panel of  these circuits it will be laminated onto a 6-inch wafer of bulk silicon.  Passive components will be attached, and then the individual plaquettes will be cut from the silicon using a dicing saw.  Readout chips (bump-bonded to pixel detectors) will be attached and wire bonded to complete the assembly.

1.2 An HDI circuit will be populated with three or four plaquettes, a TBM and some passive components.  Laminated to a beryllium substrate, the assembly is a panel.  The HDI will be approximately the same size as the beryllium to which it is attached.  A short pigtail will extend from one end, with provisions for making connections to the Cable Adapter Card and downstream electronics.  Eight unique designs will be required to cover all panel orientations.

The circuits were chosen to be implemented as flexible printed circuits to take advantage of the small feature sizes available as well as the overall circuit thickness attainable in these types of  circuits.  With respect to the HDI circuit, the pigtail section will be flexed during the installation process to make connection to the Cable Adapter Card.

2.0 Circuit Design

Both circuits are designed with standard printed circuit board layout tools utilizing features commensurate with the design goal of limiting the number of copper layers to two.  All components will be attached to the upper copper layer using either surface mount solder or bare-die and wire bond attach.  Where necessary, openings in the bottom cover layer will be present to make electrical connections to the flexible circuit’s substrate.  After passing the layout tool’s design rules checks (for correct electrical connections and minimum copper-to-copper clearances) a set of RS274-X compliant gerber files are generated.  Each copper layer is described by one of these files.  These files, in conjunction with a drill file indicating the location of plated through holes, are used by a flexible printed circuit board fabricator to realize the finished circuit.

Although electrical testing of rigid printed circuits by the circuit fabricator prior to delivery is a relatively standard option, flexible printed circuits have some features that make this difficult, especially in the small quantities that we will be purchasing.  One difficulty in testing flexible printed circuits is the fact that they are by their nature, flexible.  Testing of rigid printed circuits relies on the stiffness of the circuit to provide resistance to the spring loaded pins that are pressed into the copper pads on the outer layers of the circuit.  Flexible printed circuits, by their nature, don’t provide any resistance to these pins.  To be tested, the flexible printed circuits have to be placed on a rigid substrate.

The small wire bond pad size and fine pitch of the pads also don’t lend them selves to convenient electrical testing.  The smallest wire bond pads on a VHDI circuit measure 100 x 300 um and are placed on a 175 um pitch.  These pads are on the order of the size of the end of the pins a commercially available circuit testing machine would use to probe pads on rigid printed circuit but are too close together.

With respect to the VHDI circuits, where we plan to buy panels of these circuits, some number of different VHDI circuits are combined onto a single panel of polyimide for fabrication.  This increases the effective size of the circuit to test, further complicating the ability of commercially available circuit testing machinery to be able test individual circuits.

There are third-party vendors that offer the ability to test flexible circuits of this nature.  We are currently investigating the option of using the services of such a vendor to minimize the required circuit testing.  We envision that such vendors utilize procedures similar to those proposed below and that the preparatory work we would do for in-house testing will be applicable to third-party testing as well.

3.0 Testing Standard

From the RS274-X gerber and drill files, we are able to generate an IPC-D-356 (originally, Institute for Printed Circuits) compliant ASCII text file.  IPC-D-356 test files are net list files used to control commercially available bare-board circuit testing machines.  After understanding the IPC-D-356 standard, we have written software to parse the file for a given circuit, collecting the x,y coordinates for the centers of all of the wire bond and surface mount pads, as well as the interconnect information between all pads.  The generation of the IPC-D-356 file includes options to consider trace adjacency in the circuit and to include a list of which nets are located within a specified distance to other nets.  We plan to utilize this adjacency information to reduce circuit testing time.  By limiting the number of nets which we examine for unwanted interconnection to those that have traces that run physically close to one another in the circuit, testing time can be minimized.

Each version of the HDI and VHDI circuits will be associated with a unique IPC-D-356 file.

4.0 Testing Equipment

We plan to utilize an Alessi R61 Semi-automatic Probestation with a moveable chuck to perform the testing of the various flexible printed circuits.  The x,y position of the movable chuck will be controlled by a LabVIEW program that uses the pad position information extracted from the IPC-D-356 file.  One probe will be located on the moveable chuck.  A second probe will be located on the probe station and will move up an down to make contact with the circuit under test.  The movement of the probe station in the z direction will be controlled by the same LabVIEW program.  

A Digital Ohmmeter will be connected to the two probes.  An IEEE-488 interface will allow the LabVIEW program to query the ohmmeter to record the resistance measured for each individual test.

5.0 Testing Procedure

Armed with the correct LabVIEW file and a properly supported circuit, testing can proceed.  In general, the procedure will be as follows:

5.1 Secure the circuit to the test fixture located on the moveable chuck.

5.2 Calibrate probe station to circuit rotation.  Using two widely spaced pads on the circuit and their known x,y positions in the LabVIEW file, the chuck is manually moved to locate one of these two pads under the probe station probe and the position of the chuck is stored by the LabVIEW program.  The chuck is manually moved to position the second pad under the probe station probe and the new position of the chuck is also stored.  Knowing the chuck positions for the two pads, a rotated coordinate system for the circuit is established.  The chuck positions to locate all other pads on the circuit under the probe station probe are now known.

5.3 Position the chuck-mounted probe onto one of the pads on the circuit.  The LabVIEW program is informed which pad is currently being tested.

5.4 Instruct the LabVIEW program to test the circuit.  The program will verify that all other nets on this circuit that are supposed to be connected to the pad being tested are in fact electrically connected to this pad.  The program will also verify that there is no electrical connection between the pad being tested and pads that are connected to traces that run near to those connected to the pad being tested.

5.5 The LabVIEW program will instruct the operator on the results of the test on the current net under test.  Should an error be detected, the operator will be able to rerun the test on the current net under test to verify the results.

5.6 Repeat steps 5.3 through 5.5 until all nets on the circuit have been tested.

5.7 Results of tests (resistance values obtained during measurements) are saved in ACSII files for inclusion into the electronic production data base.

6.0 Concerns

6.1 Resistance Measurements.  Experience has shown that the pressure with which one applies to the probes as they contact the circuit pads can significantly alter the measured resistance.  Light pressure tends to increase the measured resistance.  Heavy pressure tends to minimize the measured resistance, but also tends to increase damage the pads and affect the ability to wire bond.  If we see the goals of these tests as more than a go/no go test, where the measured resistance of the connection is used to characterize the connection itself, the intricacies of probe pressure will have to be better understood.

6.2  Testing Time.  Initial estimates of the number of circuits required to complete the Forward Pixel Detector are;  HDI ~220, and VHDI ~740.  Initial estimates of the amount of time required to test a small VHDI circuit suggest ~ 1 hour.  Simple multiplication suggests an estimate of the overall time required to test all circuits.  Larger HDI and VHDI circuits are likely to take longer though, suggesting this result to be low.  Although we don’t anticipate receiving all HDI and VHDI circuits from the fabricator(s) simultaneously, we don’t want to hamper the assembly production rate due to excess latency in circuit testing.

6.3 HDI Testing.  The testing of the HDI circuit is a bit more complex than the testing of the VHDI circuits due to it’s size.  While the VHDI circuits conveniently fit within the available range of motion of the moveable chuck, the larger HDI circuits might not.  Specifically, the length of the connections between the TBM and the farthest plaquette are suspect.  If investigations (underway) into modifying the probe station to span these lengths aren’t fruitful, we may be forced to place test points at an intermediate distance and complete the test for these connections in two steps.  The HDI circuit will have a connector at the end of the pigtail region to allow connection to the Cable Adapter Card.  We will consider using the connector as a point of access for making the resistance measurements by utilizing a mating connector with connections to the Digital Ohmmeter.  This connection would be in place of the chuck-mounted probe.

7.0 Conclusion

Using prototype versions of VHDI circuits, we have been able to demonstrate the ability to test such circuits using the procedure outlines above.  We anticipate that as the testing experience level increases, the rate at which we test circuits and the accuracy to which we can measure resistance will increase.  We are investigating the possibility of  increasing the effective reach of the probe station’s moveable chuck to better test HDI circuits.  We are also investigating the possibility of modifying the probe station to be able to run in an automatic mode – where the position of both of the probes is under control of the test station control program.

If third-party testing of the circuits proves to be feasible and cost effective, we will consider having all of the circuits tested prior to delivery.
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