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1 Overview

The Automated Accelerated Reliability Test Set (AARTS) monitors and controls life testing of

electronic devices. Life test monitoring using the AARTS system supports the primary requirement of

any accelerated life test system, namely the stimulating and monitoring of a sample set of devices.

Typically, this sample set is operated at elevated temperatures until at least 50% of them fail. A

second and usually a third set of devices are subsequently run at different temperatures, noting again

the time for 50% failures. Reliability theory may be applied to these independent sets of data to

predict the mean time to failure (MTTF) at a | ower Au
failure modes associated with the sample set follow a common mechanism. Hence, continuous

monitoring and even fast shutdown of the test devices is critical to avoid potential destruction of the

devices beyond the point at which valid failure analysis may be performed.

The AARTS system is designed to support these requirements. Due to the automated nature of the
system, sophisticated software has been developed to facilitate efficient operation. The LifeTestE
software contains a number of system control interface functions that may be segregated into three
operational paradigms: 1) setup, control, and calibration; 2) run time control; and 3) results analysis.
Iltem 1 controls are accessible only when a life test run is not in progress. Item 2 represents the
primary function for which the test set is designed, specifically monitoring and recording data of the
sample set of devices being characterized. Item 3 is provided to facilitate efficient data extraction,
analysis, and evaluation of the results.

The setup functions refer to the configuration of variables associated with overall user interaction, such

as definition of storage locations, definition of events that will elicit email notification, user permission

l evel control, etcé The ¢ on tleved perfofmance df the mdividuale | at e t o
hardware components of the system, including the Power Control Unit (PCU), Heater Control Unit

(HCU), RF Control Unit (RFU), Switch Matrix Unit (SMU), an Semiconductor Parameter Analyzer

(SPA), and measurement instruments (note: some of the above-mentioned instruments are optional).

Calibration is an important aspect of the test set. Special calibration routines are designed to correlate

measurement par amet er s t o Aknown goodo instruments t hat
performance.

The test set continuously monitors DC- and RF-performance of devices under test (DUTs). Each DUT
is mounted in an ovenized fixture that allows the device surface temperature to be maintained via a
controlled feedback loop. Additionally, the system provides the ability to maintain a constant channel
(or junction) temperature. Hard- and soft-limits control the operation of the test set. Hard limits are
minimum and maximum performance values. If the device performance exceeds a hard-limit value,
the DUT heater, RF power, and DC power are deactivated to prevent further device degradation. This
allows failure analysis to be performed prior to catastrophic failure. Soft limits are relative-change (or
delta) values that force the system to store additional data points when the DUT performance is
changing rapidly, but has not yet reached a hard limit, thus providing increased resolution in the
transitional areas of interest.

All test set functionality is controlled via the LifeTest program. This program is designed to run under
the standard Microsoft Windows operating systems and leverages the high-level graphical-user
interface tools available in the Windows environment.

The reliability test station is a turnkey system that includes both hardware and software. Additional
hardware descriptions are presented in the System Hardware Manual. This manual contains
information related to the software that controls the test station. This Section describes the overall
system and presents operational philosophy; Section 2 elaborates on hardware details as related to
the software; Section 3 discusses the issues related to starting the program and top-level control,
Section 4 describes the main channel startup and run-time paradigms; Section 5 calibration
philosophies and techniques; Section 6 discusses low-level control Forms; Section 7 configuration
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control Forms; Section 8 the LifeTest Monitoring options; Section 0 data processing and analysis tools;
Section 10 networking and administration; Section 11 special test modes; Appendix A describes the
system file structures; and Appendix B provides details related to parameter codes.

1.1 System Description

Software functionality may be divided into five major categories: 1) system setup; 2) system
calibration; 3) special-test/utility modes; 4) the run-time control; and 5) data analysis. Since the
software is written in the Windows environment it is event-driven. This means that system functions
are invoked when the operator launches an event. When the event is complete the system waits for
the next event to be launched. An event is launched when the operator Clicks with the mouse on an
appropriate command button, option button, check box, pull-down menu, etc.. All user interaction is
controlled through the use of Forms. Forms are stand-alone windows opened and closed as required
to support event processing. All Forms require system resources. Forms with a large number of
graphical elements utilize a greater number of resources. It is not possible to load all Forms
simultaneously, hence they are loaded and unloaded as required by the event flow. Generally, a
message is displayed to alert the operator when Forms are being loaded and unloaded.

The following conventions are used throughout the manual. An item enclosed in braces represents a
menu item. For example, {Edit{Limits}} implies the Limits selection under the Edit section of a menu
structure. An item enclosed in brackets references a specific Form. For example, the [Edit Limits]
Form provides a way to set hard and soft limits. An item enclosed in quotes generally refers to a
graphical control, such as a command button, option box, text box, etc..

Help files exist for all Forms within the LifeTest program that may be accessed by pressing the F1 key.
These files contain a description of all controls and options on the Form. Where appropriate,
recommended operational procedures are presented.

Due to the many options and complexity of performing certain tasks, Forms often become nested.
That is, one Form launches another, which launches another, etc.. In itself this is not a problem;
however, problems could arise if nested windows are minimized and its parent is closed before the
child Form terminates. In many cases, when the child Form terminates, it launches a process on its
parent Form. If the parent Form is not loaded, the system will reload the parent Form and attempt to
act on the event. Hence, it is recommended that the windows not be minimized unless required.

After loading the program and initializing various elements of the test set, the [Main Menu] Form is
displayed (see Figure 1-1). Eight functional areas are accessed by selecting from the pull-down menu
items:

{File} T These options support configuration and setup of the administrative properties and the
termination event.

{Edit} i Configuration of system variables, channel definitions, test definitions, and iteration control.
The {Edit{Levels}} selection launches the primary channel startup control.

{View} T These Forms allow the operator to check on system status and logging information.

{Analysis} i These routines support a variety of data processing controls, including the data extractor,
plot utility, data editor, and folder analysis tools.

{Cal} i These routines support DC, RF, and temperature calibration of the system.

{Special Test} i Gain compression and SPA testing are accessed through this control.
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{Control} i These sets of controls provide low-level access to the programmable system hardware
elements.

{Test} i Used to launch the main LifeTest monitor.

Figure 1-1: Main Menu Form

"y Accel-RF Corporation: AARTS - Reliability Test Station _1B x|
File Edt View Analysis Cal Special Tests Control Test Help

Stop LifeTest

Test Active - Select Menu Item 111

LifeT est Start Time : 7/28/2005 12:43:13 PM
Cument Time - 7/28/2005 1:43:42 PH
System Elapsed Time : 000 01:00:29

Since the software is event driven, there are many possible approaches to system operation. The
following describes a recommended sequence of events from initial startup to system shutdown:

1) Setup System Parameters: The [Edit System] Form provides a means to define various
system control parameters such as the default file locations and names, gas-pressure levels,
temperature-control variables, and a variety of user-preference settings. Further, several
administrative functions, such as email notification options, are accessed from the [Main Menu]
{File{Options}} selection.

2)  System Calibration: Use the calibration procedures defined in the [Main Menu] {Cal} menu
selections to calibrate RF factors, DC factors, thermal factors. Most of the automated features rely
upon Digital-to-Analog Converters (DACs) to set levels. DAC transfer curves are required to
accurately and quickly set desired values, such as bias voltages. See the calibration section on
recommended cal procedures.

3) Setup DC and RF Stimulus: The DC and RF levels are all set automatically via software
control. The [Edit Levels] control form provides a means to set all of the pertinent parameters to
stimulate the DUT, including active biasing.

4) Build Channel Information: Channels must be added, deleted, and modified using the [Edit
Limits] Form. Each DUT occupies a unique channel. Channel numbers are assigned to the Oven
assembly and are labeled on the RF cables, DC feedthroughs, and are indicated on the Oven map.

1-3



AARTS Software Manual i Rev H Section 1 - Overview

The [Edit Limits] Form provides a mechanism to setup the parameters to be monitored along with their
respective limits, and to define channel-header information.

5) Initiate LifeTest: The LifeTest monitor is launched using the [Main Menu] {Test{Begin}} menu
selection. Two options are provided for displaying channel performance information. All performance
metrics are available for all channels in the [LifeTest Monitor] Form. Because the amount of
information available to be displayed is large; scroll bars, included along the spreadsheet border, are
used to select which parameters are visible. A single-channel summary is included on one screen
using the Single-Channel-Di spl ay mode. These Forms may be
LifeTest program.

Channels may be started using the [EditLevels] control, but data storage may only be activated

toggl ed

in the [LifeTest Monitor] -morche. PaiSaei ¢gModhid @Beat t uen and

for recommended initiation processes.

Once a channel has been activated, certain items in its header may no longer be modified, such
as the temperature control point, data storage folder, etc.. The channel may be deleted and added
again using a different storage folder name if the run must be completely restarted. The "Cum Var"
calculated parameters use the first stored data record as their reference, so be sure the channel is
stabilized and operating at its expected levels prior to activating the channel, particularly for the first
time. Hard Failures may only be restarted from within the [Edit Header] Form. This prevents
accidental reapplication of power to a failed unit.

8) Monitor Progress: Use the [Single Channel Display] and [LifeTest Monitor] Forms to monitor
LifeTest progress. Disk Usage information is displayed at the top of the Forms. Additionally, the

ATi-o®isk-Full 6 i nformation box provides an estimate

seconds before the disk will be full at the current data-storage rate. Several default parameter- and
channel-display order selections are available in the {Edit{Order}} control. Further, the [Edit Order]
Form allows the operator to customize the parameters displayed in the [LifeTest Monitor]. By storing
custom setups and using the [Load Setup] utility, the operator may choose different combinations of
parameter displays to quickly analyze DUT performance using a variety of parameter groupings.

9) Stop LifeTest: Use the "Stop" command button, located on the [Main Menu] to halt the LifeTest
run. The LifeTest compl et es ttcycle befone stoppingtthe wdt and
shutting down the channels.

10) Special Test: Two special test modes are available: 1) Gain Compression; and 2) SPA Control.
Gain Compression (RF systems only) curves may be generated automatically for any channel, over
the usable range of the Variable Gain Amplifier (VGA) dynamic range - typically 10 to 20 dB,
depending on power levels selected (see Section 0 for details). The SPA (optional item) control allows
the operator to configure and run standard parameter sweeps, such as transistor |-V curves.

11) Auto-Sequence Control: In additional to the manual control sequence described above, the
system allows the operator to defined a sequence of tests to be performed. For instance, SPA and
gain-compression sweeps maybe performed at a low temperature, followed by a temperature stress
test at the LifeTest temperature for 24 hours, followed by a SPA sweep at low temperature again,

et cé | f this mo d e i s utilized, s tship create SRAMame nd e d

compression configurations, step stress conditions, and/or limits definitions for each test step; 2)
create a sequence definition file; 3) assign the sequence to a configured channel; and 4) launch the
Auto-Sequence process.

12) Data Analysis and Processing: Data may be viewed using a plot utility accessed from the
main [LifeTest Monitor], the [Main Menu], or [Edit Levels] control Forms. A tabular editor is also
accessed from the same places. A data-extractor is provided to create flat ASCII files of the raw data.

nel
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Finally, analysis tools are available to analyze run-time results. See the data processing description
(Section 0) for details on how to operate these utilities.

13) Terminate Program: The LifeTest program may be terminated by selecting {File{Exit}}, or by
clicking on the close window icon in the top right of the window. This closes all forms and returns
control to the Windows environment.

The LifeTest program continuously monitors DUT performance and compares it to user-defined limits.
There are two types of limits - Hard and Soft. Hard limits are those that cause the channel to be
immediately shutdown. For instance, the operator may define a minimum output RF power level
below which device degradation is suspect. To avoid catastrophic device failure that may prevent
adequate failure analysis, the test set will automatically deactivate the DC-, RF-, and heater-powers,
set the channel status to "Hard Failure", and flag the user that the channel has been shut down.
Channels that have experienced a Hard Failure can only be restarted by resetting the channel status
to "Restart" or "Manual Stop" in the [Edit Header] Form.

Soft limits are those associated with rapid changes in performance, also referred to as delta
performance. For instance, if DUT Pout variation between measurements changes faster than a
defined amount, the system will automatically store data at an accelerated rate - every measurement
cycle. When delta performance is less than the defined soft limit, the storage rate returns to the user-
defined interval. This guarantees maximum data resolution during the times of most interest.

Figure 1-2 presents an illustration of a potential run that contains both hard- and soft-limit violations.
Note that when the data begins to move quickly, the soft failure criteria causes the data to be stored at
an accelerated rate. When the hard failure limit is reached the channel is de-activated, DC and RF
power are removed, and the heater is reset. The user must manually set the status flag to Restart to
re-activate the channel. In the example, the limits were adjusted to track a new level of operation.
This may not be the desired action i in fact, the device may have reached the level of expected device
failure, thus completing the purpose of the LifeTest run. However, the software supports the option to
change limits at any time during a run.

Figure 1-2: Hard and Soft Limits

Pout Upper Increase Storage Rate

Hard Limit (soft limit exceeded) Readiusted Upper

Hard Limit

J |

I /_/_\/\__./\/—\/_
Hard Limit T
v Readjusted Low er
/ \ Hard Limit
Hard Failure Restart
Shutdow n Channel

The measurement-cycle-time is the time required to measure all channels. Measurement of one
channel requires ~5 seconds (depending on system configuration). If ten channels are defined, the
cycle time is ~50 seconds. Storing data at the maximum rate (e.g. every measurement cycle) can
result in very large data files which can make data processing time consuming. Hence, the user may
define the storage-time interval. The data-file length is only limited by the available disk space. The
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[LifeTest Monitor] provides a dynamic display of disk-utilization percentage and the estimated time to
fill the remaining disk space at the current storage rate.

A variety of tools are available to analyze data. A general purpose plot utility allows graphical display
of results. A data editor may be used to view and edit raw data by record number. Folder analysis
tools allow the user to define a set of failure criteria; extract a wide range if user-defined performance
parameters (such as transistor Rds or gm); fit data to a variety of standard reliability models, such as
Weibull and Lognormal; and plot standard reliability plots, such as Arrhenius plots of Failure Times vs.
1/Temperature.
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2 System Hardware Description

The AARTS system comprises a number of measurement instruments, DC and RF power sources,
and signal routing hardware. Several models of system architecture exist (e.g. RF (CW), RF (Pulsed),
and DC). A typical block diagram of the Pulsed-RF system is presented in Figure 2-1. A computer
controls all system operation via a General Purpose Interface Bus (GPIB) or USB interface (for Pulser
control). The key functional elements of the system are the Power Control Unit (PCU), Heater Control
Unit (HCU), RF Control Unit (RFU), an optional Solid State Power Amplifier (SSPA), and an optional
Semiconductor Parameter Analyzer (SPA), which also requires a Switch Matrix Unit (SMU) to route
signals to the Device Under Test (DUT).

The PCU supplies each DUT with two independent DC bias supplies; one that can source several
amps of current at only a positive voltage (typically used for the drain or collector source of a
transistor), and one that can supply several hundred milliamps over a bipolar voltage range (typically
used for the gate or base source of a transistor). Special circuitry is included in the PCU to provide
fast shutdown of the supplies when the DUT performance exceeds certain user-specified trip levels.

The RFU and optional SSPA are used to generate and route RF signals to the DUT and RF power
meter. Voltage Controlled Oscillator(s) (VCOs) are used to generate a common signal source at the
test frequency. Individually controlled Variable-Gain Amplifiers (VGAS) provide a range of power
levels to each DUT.

The HCU controls the surface temperature of each DUT, employing dedicated temperature control
loops (note that the temperature controller may reside locally in the fixture, or in a dedicated HCU card
I see your system hardware description for details). Since all device DC- and RF-levels are
measured, given a thermal resistance from case to junction channel temperature rise may be
calculated and the surface temperature adjusted dynamically to maintain a constant desired target
channel temperature.

When the optional SPA and SMU are included, very accurate device parametric data, such as
transistor I-V curves, may be obtained. The SMU is used to route either the SPA or PCU sources to
the device (note: the SMU function may reside in the fixture or in a dedicated separate box T see your
system hardware description for details). Only one channel at a time may be connected to the SPA.

The digital multimeter, RF power meter, frequency counter, and optional SPA are all used to make key
measurements. These instruments must be periodically calibrated to maintain system accuracy (see
the AARTS_Calibration_Schedule application note for additional information on recommended
calibration intervals). The PCU, RFU, and HCU are calibrated in place against either a metrology-
grade instrument or the internal meters.

Finally, an Uninterruptible Power Supply (UPS) provides battery backup for the system in case the
facilities power source fails. The UPS is sized to run a full load for approximately 10 minutes before
facil i tletainmbg séhutcdown of the system.

The following Sections present brief descriptions of each of the key hardware elements, particularly
with regard to their interaction with the system software.
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Section 21 System Hardware Description
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2.1 Power Control Unit

The Power Control Unit (PCU) provides DC stimulus to the devices under test. Two supplies per DUT
are supported. The Biasl supply is single-quadrant unipolar design; that is, it supplies positive voltage
only at a fairly high current level, and the Bias2 supply employs a 4-quadrant bipolar design,
supporting both positive and negative voltages (see the model specification for performance limits).
Typically, the Biasl supply sources power for the drain or collector of a transistor and the Bias 2
sources the gate or base. Both sources may be set to constant-voltage or constant-current modes of
operation.

A block diagram of the PCU is shown in Figure 2-2. All operation is controlled via the GPIB interface.
Internally, one card set assembly supports 4 channels. In a 16-channel box, 4 card sets are
employed. Some test sets may contain a PCU/HCU combination box. In that case, a maximum of 12
channels are controlled per box (model dependent). A common Field Programmable Gate Array
(FPGA) supports operation of one card set. Further, Digital-to-Analog Converter (DAC) chips provide
the analog voltages needed to set programmable levels. Other than these, plus some minor
components used in common, each channel is isolated and independently controlled. Hence, the
description of one channel is applicable to all channels.

Figure 2-2: PCU Block Diagram
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The Biasl1 supply employs a switching regulator configuration to minimize internal power dissipation,
and subsequently heat dissipation. As stated above it provides only a unipolar positive output voltage.
Three parametric limitations exist to which the system will automatically force user specified values to
comply: 1) voltage; 2) current, and 3) total power. Typically, voltage and current may be specified to
any value within its operating range. However, when the total power associated with the two values
exceeds the maximum power rating, the complementary parameter will be automatically readjusted to
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meet the total power limitations. The Biasl source provides significantly more power than that of
Bias2, and is generally used as the drain (or collector) supply of a transistor DUT. Since it is a
switching power supply it can only source, and not sink, current.

The Bias2 supply employs a power buffer operational amplifier as the output source device. Its
voltage range spans both positive and negative voltage ranges. As with Biasl it is subject to the three
parametric limitations of voltage, current, and total power. Its resolution is finer than that of Biasl and
is generally used as the gate (or base) supply for a transistor DUT. Since the output is driven directly
by an op-amp, it can source or sink current in both output polarities.

All programmable levels, such as target output values, their associated compliance levels, and trip
levels are set using one or more of the available DAC channels. Error amplifiers within control loops
and voltages that drive comparators are the elements that allow full programmability through software.
Transfer curves are generated during a calibration process to create lookup tables needed to obtain
the most accurate settings.

Turn-on and turn-off sequencing is important in many RF transistor biasing schemes. For example, a
MESFET typically needs its gate voltage applied to pinch off the channel before drain bias is applied
to avoid drawing excessive drain current. First and foremost, the software itself follows the user-
defined prescribed sequence. However, registers within the FPGA are also programmed that force
the prescribed bias sequence, both for turn-on and turn-off. Hence, if for any reason the computer
were to program the wrong sequence (which could happen during low-level manual control of the
system), or i f the channel is Atrippedo, t he
sequence. The hardware sequencing delay may also be user defined (see the PCU Control Form
description, Section 6.1, for more information).

When operating using the normal Set Bias controls within [Edit Levels] or the [LifeTest Monitor] Forms,
the system follows a specific startup and shutdown protocol. Figure 2-3 illustrates bias sequencing for
the case of AiBi as2 on, foll owed by Biasl ono

shutdown. Thi s s e qQHexB2,EHxi:BY, CihexB 0, CldxdB2a&. A The fi

that the PCU bias is set to a target of OV (or 0A), depending on whether the supply is set to
constant-voltage or constant-current source mode, followed by programming of the control parameter
to the target value. Next, the output switches are activated (closed) in the proper sequence. Upon
shutdown, the switches are deactivated in the prescribed order.

Trip levels are designated as those voltages and currents above (or below) which the channel will
automatically shut itself off. In the degradation of device performance, parameters such as drain
current can increase at an exponential rate. The test cycle time (i.e. the time it takes for the system to
measure all channels and subsequently re-measure a channel) can be several minutes when testing a
large number of channels. Hence, a device could easily burn itself out before the system returns to
measure the channel and discover it has exceeded a limit. The PCU hardware employs comparators
that sense under- and over-voltage and under- and over-current conditions. When exceeded, a signal
to the FPGA causes the channel biases to be disabled immediately, and in the proper sequence.

har dwar
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Figure 2-3: PCU Bi as
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2.2 Heater Control Unit

The Heater Control Unit (HCU) contains a hardware control loop that provides thermal regulation of
the surface temperature at the DUT interface. A 120-V (or 230-V) AC spark-plug heater is mounted in
the DUT fixture inner block to generate heat. The AC voltage is pulsed with a varying duty factor to
control the amount of energy supplied to the heater, which subsequently modulates the amount of
heat generated. A thermocouple is mounted in the fixture that feeds back to the HCU a voltage
proportional to temperature. A proportional integration type control loop is implemented in hardware
on the HCU to maintain the target surface temperature.

A block diagram of the HCU and DUT fixture is shown in Figure 2-4. This shows the configuration of
the dedicated HCU card; however, the control loop in the Pulser card supports the same architectural
structure. Operation of the HCU card is controlled via the GPIB interface, and the Pulser is controlled
through its USB interface. Internally, one card set assembly supports 4 channels. In a 16-channel
box, 4 card sets are employed. Some test sets may contain a PCU/HCU combination box. In that
case, a maximum of 8 channels are controlled per box (model dependent). A common Field
Programmable Gate Array (FPGA) supports operation of one card set. Other than these, plus some
minor components used in common, each channel is isolated and independently controlled. Hence,
the description of one channel is applicable to all channels.

Two control loops are shown. First, consider the inner control loop. As mentioned above, the power
delivered to the fixture is generated from a modulated AC source. The AC switch is controlled by a
duty-factor value generator within the FPGA. The thermocouple senses the temperature by providing
a voltage to the input op-amps in the HCU. A thermocouple compensation circuit simulates a 0 C
system, the value to which the thermocouple output voltage must be referenced.

The input op-amp is a chopper-stabilized circuit that exhibits extremely high input impedance and
extremely low input offset voltages and currents. Hence, its characteristics do not affect the
measurement accuracy of the high-impedance thermocouple source. This op-amp also provides gain
to scale the thermocouple voltage to the full-scale range of the Analog-to-Digital Converter (ADC)
input. The second op-amp circuit provides a means to offset the voltage range. This configuration
allows the system to maximize the resolution of the control loop by setting the thermocouple range that
corresponds to roughly 0" C to 300 C to yield a voltage at the ADC input of 0 to ~4V full-scale range.

A 2"-order low-pass filter is implemented within the FPGA that forms the integrator for the control
loop. The error signal is generated as the difference between the ADC output and a control word
programmed into an FPGA register. The loop filter gain constants are tailored to the DUT fixture
characteristics and may be modified via software to affect the loop dynamics.

A second outer loop, shown in Figure 2-4, is used for fine resolution control and for maintaining
constant channel temperature. If, for any reason the computer detects an error in the stabilized
temperature it can shift the target slightly to achieve the desired goal. Also, since the computer
measures all RF and DC parameters it can, with knowledge of the thermal resistance between the
surface and junction of the device, calculate a temperature rise between the two points. Hence, it can
dynamically change the surface temperature goal to track changes in power dissipation, thus
maintaining a constant channel temperature without having to change DC-bias or RF-drive level
conditions.
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Figure 2-4: HCU Block Diagram
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2.3 RF Control Unit

The RF Control Unit (RFU) provides a broadband base system that generates, routes, and
dynamically adjusts frequency and RF power levels to the DUTs. The RFU is capable of driving the
DUTSs directly with +15 dBm of power over the specified frequency range. For higher power, an
optional SSPA unit may be employed that is narrower in bandwidth but can source more power to the
DUTSs.

A single RFU supports up to 16 channels. There exist two types of RFU boxes, a Master and a Slave
unit. The Master units contain the signal sources and the external instruments, such as the RF power
meter and frequency counter. By default, the first 16 channels are supported by the Master unit.
Additional channels may be supported by simply cascading additional RFU Slave units.

A block diagram of the RFU is shown in Figure 2-5 (note: some small variations exist between RFU
designs i see the hardware description of your system for details). As seen in the upper left corner of
the RFU block, Voltage-Controlled Oscillators (VCOs) are used to generate the primary RF CW signal.
For the wider bandwidth systems, two or more VCOs may be required to cover the entire band,;
however, only one VCO at a time may be selected as a signal source. The VCO signals are split into
four paths and routed to the back panel as outputs. Two of these ports are re-injected back into the
Master unit to drive channel banks 1 through 8 and 9 through 16. The other two outputs are routed
the first Slave unit, if it exists.

As shown in the block diagram, the test set channels are grouped into 2 sets of 8 channels, each set
containing its own variable-gain amplifier (VGA). The outputs of these VGAs are split 8 ways to drive
individually controlled VGAs for each channel. These VGAs are the primary gain control devices that
set the DUT RF input drive levels. The gain of these VGAs, as well as the frequency of the VCOs, are
driven by individual DACs on the RFU motherboard.

A switch matrix is used to select which RF signal is routed to the RF power meter head, located at the
back of the test set. Any of the transmit- or receive-signals may be selected for measurement.
Likewise, the Slave unit signals may be selected for routing to the power meter output.

Two cal factors are required to acquire accurate DUT input- and output-measurements. The Call
factor relates the power level at the power meter head to the real power measured at the DUT input.
Since all of the elements in the Call path (DUT to SSPA, output of SSPA through coupler, and RFU
channel input through the switch matrix) are essentially passive, they should not be level sensitive.
Hence, calibrating Call at any power level should be accurate for other power levels. Nevertheless,
for maximum accuracy, calibrations should be performed at the power level of interest. The Cal2
factor relates the real DUT output power to the power level as measured at the back power meter
head. Using the Call and Cal2 factors, the system makes quick low-level measurements of the
selected signals to determine the actual DUT power levels.
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Figure 2-5: RFU Block Diagram
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2.4 Pulse Controls

Some systems offer the option of pulsing the DC and/or RF stimulus. Specifically, the RF fixtures that
contain pulser cards provide on-board totem-pole circuits that support switching between the PCU
power supply and ground (in the case of Bias2 there is a second option to pulse between the supply
voltage and a pinch-off voltage.

A functional block diagram of the typical pulsing circuit is presented in Figure 2-6. The DUT is
connected directly to the force and sense points on the right side. A mechanical relay routes the DUT
to either the PCU power supplies as shown, or an optional Semiconductor Parameter Analyzer (SPA).
Upstream of the relay exists a series/shunt switch configured in a totem pole configuration. Hence,
the pulser may rapidly switch between the two states.

Figure 2-6: Pulser Functional Block Diagram
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A very important factor exists in the operation of the pulser related to switching capacitive loads.
Figure 2-7 illustrates the point. Each time the pulser switches between a high and low voltage state,
energy is required to move charge in and out of the capacitance. The energy is directly related to the
capacitance and the square of voltage as indicated in the example. The power required to charge and
discharge the capacitance equals energy times the repetition rate. For the example shown, the power
is 2.55 Watts. This power must be supplied to charge the capacitance (i.e. OFF to ON state) and to
discharge the capacitance (OFF to ON state). The OFF to ON state power is delivered by the PCU
supply and is not really much problem. However, the discharge power must be dissipated locally
within the pulser circuitry; specifically, the shunt switch and series resistor as shown. Both elements
roughly share equal power. The repercussion of the series resistance is its slow-down of the fall time
(i.e. the RC time constant).
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Figure 2-7: Pulser Circuit Block Diagram
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A number of options exist for setting up pulse control. Figure 2-8 illustrates one commonly employed
paradigm. The primary controlling parameter is the pulse Period. All timing is defined relative to time
0 and the end time of the period. Times are quantized in 125-ns intervals. Biasl, Bias2, and RF ON
and OFF times may be specified. Since the control circuitry is generated via an FPGA, driven by an
8-MHz crystal clock oscillator, the timing is quite accurately controlled and repeatable. The rise and
fall times, however, are dependent on the load capacitance played against the source impedances.
Therefore, it is important to verify edge locations on an oscilloscope prior to running a life test using
the settings.

A second commonly used pulse waveform is illustrated in Figure 2-9, used for MEMS switches. In this
scenario, a 1-ns kick pulse is required at the beginning and end of the pulse to facilitate a debouncing
function. Two Biasl blanking sets of edges are defined that determine the signature of the kick pulse
waveforms.

A third illustration shows how to use the pulsing controls to halt the pulsing during measurements.
This is useful for measuring devices such as multi-channel MMICs. While a power transistor used in a
radar system would probably never want to be operated in a CW mode, an RF switch would likely wish
to stop pulsing to measure the signals. The software supports both modes of operation. The Halt time
value determines where in the cycle the halt occurs. Hence, it could be halted at a point when the DC
or RF are ON, or when they are OFF. The user defines this point.

Refer to Section 7.6.2 for a description of how to enter these values.
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Figure 2-8:

RF

Bias2
Gate

Biasl
Drain

Pulse Timing lllustration (Power RF Device)

| Period |

=

All timing signals settability O 28 ns
DC rise and fall imes O100V/ms

RF pulse rise amsd f
10ms to 1s pulse period

9
&
£
&

B20ON
B1ON
RFON
RFOFF
B1OOFF
B20OFF &

Figure 2-9: Pulse Timing lllustration (MEMS Switch)

Period 1

1

1

1

1

T

~500ns ~500ns
v 1

|

1

1
1
1
1
RF .
1
1
) 'M i 100v
Biasl |
Actuator | |
- ov
1 1
1 1
1 1 v
Bias2 1 1
Stress ! '
H ov
Mitigates MEMS Switch Bounce
otz ts te t7 tg tg  t
bty tio
w w
Zz W e zuL ow
F5 %%z 2 e é 95 &
5338 £ B 0§ 288
Figure 2-10: Pulse Timing lllustration (Halt Time)
1 Period 1
e ol
1 1
1 1
1 1
1 1
RF I I MIMNM
1 1
1 1
1 1
Bias2 ov
Gate
v
1 1
1 1 av
Biasl 1 1
Drain '
ov
Halt
Signal
ot ot ot ts to tralc

Halt Occurs on Next Full Cycle
following Halt Signal Active

,.
HALT_TIME 3

2-12



AARTS Software Manual i Rev H Section 371 Getting Started

3 Getting Started

The LifeTest program is launched from within Windows using either a standard icon located on the
desktop, or the Start -> Program -> LifeTest selections. The program should not be launched by
simply double-clicking on the filename in a file manager as several command line switches signal the
program how to run (e.g. ask for login information or not). Upon startup, the system initializes all
instruments on the GPIB and USB buses. It then reads all configuration files and sets the system to a
known state. Finally, it reads the configured channel data files and opens the [Main Menu] Form,
shown in Figure 3-1. All functions are launched using the menu selections, except the stopping of the
LifeTest monitor routine, which is controlled

Figure 3-1: Main Menu Form
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Stop LifeT est

Test Not Running - Select Menu ltem 111

LifeTest Start Time : 8/4/2010 7:21:43 AM
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3.1 Top-Level [Main Menu] Control

The [Main Menu] Form is shown in Figure 3-1. Its primary function is to provide a tool for launching
the variety of system control, configuration, and run-time utilities. The information box at the lower
right indicates the amount of time the system has been running. The menu selections at the top are
organized by function.

The {File} options are shown in Figure 3-2. The {Load Device Setup} option allows the user to import
all of the typical setups needed for a particular device technology being tested i the user defines
those settings in the various Forms (e.g. EditLevels, SPA Control, GC Control, etc.), and then tags
them in the [Load Device Setup] Form. The {Options} selections give access to the administration
features, such as Email notification, username and password control. The {Exit} control may be used
to stop the LifeTest program.

Figure 3-2: Main Menu {File} Options

%% Reliability Test Station - AARTS: Accel-RF Corporatiol

Edit View Analysis Cal Special Tests Control LifeTestMonitor Help

Load Device Setup
Opticns Ermail Motification Systern Enable

Compose Email Log-In\Out User

Exit Manage Accounts
View Entry Log
Clear Entry Log

Figure 3-3: Main Menu {Edit} Options

Reliability Test Station - AARTS: Accel-RF Corporatio

File View Analysis Cal Special Tests Control  LifeTestMonitor  Help

Limits
Levels

System
Iteration Control

Test Sequence

Group Definition

The {Edit} options are shown in Figure 3-3. Use the {Limits} selection to launch the [Edit Limits] Form
(see Section 7.2), {Levels} to launch the [Edit Levels] Form (see Section 7.6), and {System} to launch
the [Edit System] Form (see Section 7.1). The [lteration Control] Form (see Section 4.4) allows the
user to customize the RF and DC iteration limits. The [Test Sequence] Form (see Section 7.7)
provides a means to configure AutoSequence tests and the [Group Definition] Form (see Section 7.7)
is used to define channel groups.

The {View} options are shown in Figure 3-4. The [Text Data] options launches a Form that allows
viewing of text data files. The [Log File] launched the same Form, but automatically loads the system
log file. Likewise, if any AutoSequence logs exist they may be viewed with the Text Viewer. Finally,
an Email log is available for viewing email notification activity.
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Figure 3-4: Main Menu {View} Options
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Figure 3-5: Main Menu {Analysis} Options
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The {Analysis} options are shown in Figure 3-5. The [Data Extractor] Form (see Section 9.1) is used
to export data to flat ASCII files, [Analyze Folder Results] Form provides a set of reliability analysis
tools, [Plot Data] Form (see Section 9.3) is used to display stored data for configured files in graphical
format, and the [Edit Data] Form (see Section 9.2) is used to display stored stress data in tabular
format.

The {Cal} options are shown in Figure 3-6. The [RF Calibration] Form (see Section 5.1) provides a
means of calibrating the transmit and receive RF paths. The [Temp Calibration] Form (see
Section 5.6) is used to fine tune the thermal calibration values against a metrology grade thermal
measurement device. Likewise, the [V/I Calibration] Form may be used to fine tune the current and
voltage calibration factors. The [PCU Calibration] Form is used to calibrate voltages, currents, and
associated DAC transfer curves (See Section 5.3). The [RFU Calibration] Form is used to calibrate
VCO and VGA DAC transfer curves (See Section 5.2).

The {Special Tests} options are shown in Figure 3-7. The [Gain Compression] Form (see
Section 11.1) is used to generate RF gain compression sweeps (RF systems only). The [SPA Control]
Form (see Section 11.2) is used to setup and capture data from the optional semiconductor parameter
analyzer.
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Figure 3-6: Main Menu {Cal} Options
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Figure 3-7: Main Menu {Special Tests} Options
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The {Control} options are shown in Figure 3-8. The [HCU Control], [PCU Control], [RFU Control],
[SMU Control], and [LoadBox Control] Forms (see Section 6) are used to perform low-level
manipulation of the associated hardware items. The {Cycle Test} is used as a means to verify the
system is configured properly. This Form should only be utilized under instructions from the factory.

Figure 3-8: Main Menu {Control} Options
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The {LifeTestMonitor} option is shown in Figure 3-9. If no channels are configured, this option will be
disabled. Otherwise, clicking on it launches the LifeTest Monitor engine. If Grid Display is not visible,
it wi || be | aunched again. (not e: the fAStop
LifeTest Monitor engine) - see Section 8 for details on LifeTest Monitor operation.

Figure 3-9: Main Menu {LifeTest Monitor}

"% Reliability Test Statior

File Edit View Analysis Cal Special Tests Control | LifeTestMonitor | Help

Finally, the {Help{About}} menu item launches a window displaying the current revision number and
other miscellaneous information.

3.1.1 Top-Level Right-Click Options

A number of useful aids exist at the top level. Right-Clicking in the blue area pops-up the menu
selection shown in Figure 3-10.

Figure 3-10: [Main Menu] Right-Click Options
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