Calibration Interface Test Adapter (Cal-ITA) Design

For

Automatic Test Equipment (ATE) Calibration

1. Introduction:  A general description of a Calibration Interface Test Adaptor (Cal-ITA) is given and recommendations are made concerning the mechanical and electrical construction.  The principal goal of the Cal-ITA is to connect the ATE to the calibration standards in the same manner the ATE would use in testing a Line Replaceable Unit (LRU) of a weapon system.  This will ensure that the ATE calibration is representative of the way the ATE is used.

2. Cal-ITA Design Goal

2.1 The Cal-ITA is, in its basic form, simply a connector transformer.  The signal interface to be calibrated is often, if not typically, of a type incompatible with the connectors of the calibration standards.  It is rare that the calibration standard can be connected directly onto the signal port to be calibrated, or that the signal parameter to be calibrated is insensitive to the signal path characteristics.  Therefore, the goal of the Cal-ITA design is to connect these two (or more) signal ports together in a way that least perturbs the value of the measured parameter.

2.2 The acronym ITA typically conjures up a vision of the flat panel, multi-pin, interfaces often found in depot ATE that support many and various LRUs.  In this paper it is treated as a general term (i.e. the Cal-ITA may be as simple as one piece of cable between the ATE signal port and a standard).  Despite its seeming mechanical simplicity, the same level of attention should be given to the measurement integrity of this single signal path as to the those signal paths contained in a large, multi-pin, ITA.  Also, the scope of the term Cal-ITA includes everything between the ATE signal interface and the calibration standards (i.e. not only the “ITA” (if present), but all wires, cables, coax, waveguide, couplers, attenuators, switches, amplifiers, etc.).  

2.3 All of the above things have an unavoidable impact upon the accuracy with which the ATE parameters are calibrated.  Including them within the definition of the Cal-ITA, two signal interfaces can be clearly defined and the parameter accuracies at each can be identified and quantified.  The first is the ATE to Cal-ITA interface.  The ATE has a mission performance specification that must be certified.  The Cal-ITA facilitates this process, but unavoidably introduces errors in the values of the measured parameters.  

2.4 The second is the Cal-ITA to standards interface.  The Cal-ITA design in conjunction with the Calibration Test Program Set (Cal-TPS) design should minimize the random error introduced. While the type of connector is dictated by the standard used, the quality (or rather lack thereof) of the mating connector is often a source of error.  The random error thus introduced into the measurement by the Cal-ITA must therefore be included in the error of the ATE certified specification to determine the Test Accuracy Ratio (TAR) of the calibration standards against the ATE.  A straight sum of errors is used by the conservative calibration test engineer and a Root Sum Squared (RSS) for those having difficulty meeting an arbitrary TAR.  In any case the uncertainty analysis must be in accordance with with National Institute of Standards and Technology (NIST) Tech Note 1297 or American National Standards Institute (ANSI)/ National Conference of Standards Laboratories (NCSL) Z540-2.

3. Design and Fabrication

3.1 The Cal-ITA design as well as the Cal-TPS design cannot be done in isolation from the LRU and Self Test designs.  The calibration effort should reflect the way in which the test station is used.  For example, if only two-wire resistance measurements are used during LRU testing, because of measurement switching matrix limitations, then the Cal-ITA wiring should not bypass this network to the Digital Multimeter (DMM) to prove its (irrelevant, but much better) four-wire capability, and thereby mislead the LRU test designer into thinking he has more accuracy available than he really does.  Another example would be if two-wire compensation is used during LRU tests.  The Cal-ITA should enable checking that this feature works on one, select signal path, but it would probably be an enormous waste of time to design the Cal-ITA to check it on every potential signal path, or worse to build a two wire compensation table for dynamic correction of two-wire resistance measurements during LRU testing, because, since the Cal-ITA will not be used during LRU testing, any stored compensation data will be meaningless.

3.2 A similar situation exists for RF and microwave circuits.  It is a waste of time to verify, during calibration, the path loss values of RF and microwave circuits for compensation, because, as a distributed circuit, the verified value will almost certainly change when items other than the calibration cabling and standards are added to the port during LRU testing.  The best that can really be done regarding path loss is to verify, under the best conditions, with the closest possible impedance match, that the losses do not exceed some maximum value.  The LRU test engineer can then use this information to ensure the availability of either a necessary RF source maximum output or a sensor minimum sensitivity.  If the LRU test designer needs a specific output level or must measure the absolute value of some path loss sensitive parameter during his test, then a “calibrate before use” element should be included in the LRU test design relying upon those ATE instruments whose ability to measure an absolute value can be depended upon regardless of the presence of other hardware.  For example, if the actual value of a leveled output must be known then use the test station power meter sensor to set it directly and not rely upon some “verified” output port value plus assumed nominal loss values for the extra hardware used.  Also, because of the distributed nature of these circuits, attempts to dynamically compensate for the losses via “cal-factor” tables is not recommended.

3.3 When selecting components for the Cal-ITA, the list of what should not be in the Cal-ITA is almost as long as those things that should be included.  There must not be any “golden” devices in the path whose nominal values are assumed, and worse, assumed to be time invariant.  An attenuator's loss or an amplifier's gain must not be assumed from its specification if it has an immediate bearing upon the measured parameter.  For example, the amplitude measurement of a high power output that must be attenuated down to an acceptable range of the calibration standard, must include not only the actual measured value of the attenuating network, but also the error of that network's measurement in the overall measurement error of the calibration.  In contrast, an attenuation network is introduced, but the frequency of the signal is the measured parameter.  In this case the measurement is relatively immune to the actual attenuation value of the network.  It may introduce noise due to EMI and therefore limit the dynamic range over which the frequency may be measured, but otherwise it has no effect upon the measurement.  Only the functional integrity of the network is required.

3.4 Switching within the Cal-ITA should be done only if there is absolutely no other way to perform the measurement.  The extra switches and cabling usually have a devastating effect upon measurement integrity for various reasons depending upon frequency.  Bandwidth reduction, EMI, ground loops, dynamic signal range loss, noise levels, and nearly every other source of error are aggravated by introducing extra switching and its attendant cabling increase within the Cal-ITA.  The motive for doing this is usually a misguided attempt to improve Cal-TPS execution time by reducing the operator's involvement through increased process automation.

3.5 Power dissipation within the Cal-ITA is usually a problem that is backed into during Cal-TPS design of DC and AC power supply calibration.  Power supplies should be calibrated at the worst case load voltage and current settings required during LRU testing.  This is when they will reveal their weaknesses in load regulation, noise, and other parameters.  However, high wattage resistors are incompatible with the more delicate components typically within the Cal-ITA.  This is a good example of when the Cal-TPS and Cal-ITA should be designed in conjunction with Self Test.  Power supplies are work horse ATE assets that receive considerable abuse during LRU testing.  The all too common power interrupts while delivering 50 amperes at 200 volts during an LRU test does not do good things to the output control circuits of a power supply.  Therefore, since the operator needs to frequently check the integrity of the power supplies during Self Test, this is a good place to “roll in” the calibration requirements.  The most common required instrument, a DMM, for power supply calibration is usually available as a test station asset.  Otherwise, it will be a required piece of Support Equipment (SE) anyway.  A separate load box, containing the resistors necessary to stress the power supplies for their rated outputs, is then supplied as a Self Test component.  The power supply part of the Self Test TPS is then identified as part of the periodic calibration process.  This eliminates unnecessary duplication of testing between Self Test and the Cal-TPS, reduces the total amount of SE and prevents a divergence in testing technique between the two domains that often creates the “it passed calibration but not self test” or vice versa syndrome.

3.6 Wiring and cabling should be of the highest quality.  Calibration hardware is not the place to go cheap.  Just because the adapter has the correct connector types does not mean it is the correct one to use.  The $1000 RF cable looks extravagant until it is found weeks later that the $20 cable is so loss and phase unstable that reliable, repeatable measurements are unobtainable.  The $5 aluminum Type N adapter is a bargain over the $20 stainless steel adapter until it cuts off at 6 GHz in an 18 GHz measurement and takes weeks to discover the culprit.  What is an engineer's time worth to design and then redesign tests, not to mention the costs of those in the logistics tail who must order the replacement and change all the documentation that refer to the replaced item?  What is keeping the schedule intact worth?  Calibration is often a critical element of proving the test station design meets specification, and later as a component of the ATE Acceptance Test Procedure (ATP) at the end of the production line before delivery.  Delays in accepting the Cal-TPS due to attempts at being pennywise and pound foolish add directly to overall program delays and costs.

4. Conclusions:  The above discussions unavoidably exceed a strict discussion of just Cal-ITA design and fabrication, and frequently digress into related issues, but are necessary to show that calibration is not an independent element of ATE support isolated from LRU and Self Test.  The overall guiding principle is to keep the Cal-ITA design as simple and straightforward as possible using the highest quality components because it ensures (or at least improves) measurement integrity.  

