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1. INTRODUCTION

This manual describes the use of the standard emPower ° test routines. Test routines for
emPower “ are implemented using a technology known as Component Object Model (COM).
COM technology is widely used in the software industry to make modular, component-based
designs. Microsoft® Word and Excel are built upon COM. ActiveX® controls (like the ones
found in Microsoft® Visual Basic®) are also based on COM.

By using COM a test routine can be developed independent of the program that will be using it.
This allows for easy addition of new test routines. NH Research or anyone who follows the
requirements for a test routine can develop the routines.

At first glance, the library of standard routines seems sparse; but a closer look reveals that the
supplied routines are feature-packed. For example, the Voltage Regulation test combines the
capabilities of an Absolute Voltage Regulation test, a Delta Regulation test, an Output Voltage
Tolerance test and an Output VVoltage Adjustment test. The Multi-Measurement test is actually a
General Voltage State test, a Peak-to-Peak noise test, an RMS noise test, a Total Harmonic
Distortion test, and even a Peak Inrush test.
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2. BOOST/CUT TEST

2.1 Description

The Boost/Cut test routine ramps the UUT input voltage while monitoring the UUT output
voltage for a change. Each change that exceeds the user-configured threshold is considered the
transition point for that cycle. The test routine records and verifies each transition cycle.

2.2 Method

The source to ramp is stepped, in user specified increments, to the final input voltage.
Measurements are made at each step after a programmable step delay. The change from the last
measured value is calculated and compared to the user defined expected change in reading. The
source will stop to ramping if there are no more cycles to detect or the final voltage has been

reached.
2.3 Test Routine Properties

2.3.1 Settings

# NHR Boost/Cut Test

X

Settings T Dutput

[nput

Mumber of Boost/Cut Cycles |1 i‘

Boost/Cut Test Settings

Input to Ramp: Cutput:

|AC Line ~ | |Line Out

Final Input “oltage:
1150.000 | 150.000 v

tep Delay (Sec): Step Increment (Walts):
750000 ms 1.000 Y

QK

Cancel

e Number of Boost/Cut Cycles - the number of expected tap transitions.
e Input to Ramp - this entry must be the logical name of an input/source. The input/source
must have a power supply in its configuration (DC Source, AC Source, etc.).

SNTEIC

13 of 239



emPower © TEST ROUTINE REFERENCE MANUAL

e Final Input Voltage - the final voltage that the input/source will be set to.

e Step Increment - the number of increments that will take place for all phases.
o Step Delay - this delay will be applied between each of the voltage steps.

e Step Increment - the step size that will be applied to each step.

e Output - the output or load that is connected to the UUT.

2.3.2 Output
£ NHR Boost/Cut Test X
Settings T Cutput T Input
Boost/Cut Cycle |1 ﬂ
Measurement Parameters
heasuremant Range: Measurement Yectar:
110% v [ 5800V Chn DCY |
Minimum “alue: Expected Change In Reading:
09% W | 4950 % |1 000 1.000
Masxirnum Yalue: ULUT Communications:
101% v [ 5Ds0v [None ﬂJ
(a4 Cancel

e Boost/Cut Cycle - this designates which cycle is being configured.

e Measurement Range - this is the maximum expected measured value. This value will be sent
to the measurement device that the measurement vector represents.

e Minimum Value - this is the allowable lower limit of the measured value. Measured values
less than this will cause the test routine to fail.

e Maximum Value - this is the allowable upper limit of the measured value. Measured values
greater than this will cause the test routine to fail.

e Measurement Vector - the vector that will be used to take measurements.

e Expected Change in Reading - this is the expected change that will take place in the output
voltage during a transformer tap change.

[
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e UUT Communications - select the desired UUT communication object from the drop-down
list and press the ellipsis button for communications test parameters. Please refer to the
appropriate UUT communications object reference manual for further details.

2.3.3 Input

# NHR Boost/Cut Test BJ

Settings T Output T Input

Baost/Cut Cycle |1 ﬂ [w Bi-Level Voltage Ramp Adjustment Enabled

Measurement Parametars

heasurement Range: Bi-Level Yoltage:

|11D%V | 132.000 |115.nuuv | 115.000 v
Winimum %alue: Bi-Lewvel Step Delay (Sec):
99% W | 118.800 % 1.000 =

Maxirnum Yalue: Bi-Lewel Step Increment (Wolts):

|1D1%V | 121.200% 1.000

(8] Cancel

e Boost/Cut Cycle - this designates which cycle is being configured.

e Measurement Range - this is the maximum expected measured value. This value will be sent
to the measurement device that the measurement vector represents.

e Minimum Value - this is the allowable lower limit of the measured value. Measured values
less than this will cause the test routine to fail.

e Maximum Value - this is the allowable upper limit of the measured value. Measured values
greater than this will cause the test routine to fail.

e Bi-level Voltage Ramp Adjustment Enabled - this allows resetting of the step delay and
incrementing at a particular voltage. Once the cycle is detected, the step size and increment
are reset to the non bi-level settings that are defined on the settings tab.

e Bi-level Voltage - the voltage where the bi-level step delay and increment will be applied.
o Bi-level Step Delay — the delay applied between each of the voltage steps.
e Bi-level Step Increment - the step size that will be applied to each step.

[
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2.4 Sequence

The load, source, digital and analog vectors defined by the program are applied to the tester
hardware before the test routine sequence is initiated.

[
16 of 239 rerar€



emPower ® TEST ROUTINE REFERENCE MANUAL

3. CONSTANT VOLTAGE OFFSET TEST

3.1 Description

The Constant Voltage Offset test routine differs from a simple CV vector set in that the actual
CV value is based on an initial measurement instead of a hard-coded value. In addition, a
measurement vector is used as feedback to adjust the actual set point to match the programmed
value as close as possible.

While the test parameters contain a measurement vector and range, no measurements are logged
from this test. You would normally follow this test routine with one designed to make the
desired measurement.

3.2 Method

Using either an initial measurement (or a previously saved measurement), the specified Constant
Voltage offset value is calculated and sent to the selected channel. After performing the delay
before reading another measurement is taken to verify the setting. If the amount of error (the
difference between the set point and the measurement) is greater than 1mV, a new set value is
calculated and sent to the selected channel. This iteration continues until the set point is reached
or has been attempted 10 times.

Pass or fail status is determined by the success of the Constant VVoltage “set” commands and is
logged to the datalog devices.

3.3 Test Routine Properties

# Constant Voltage Offset Parameters @

Channel: |UUT Out 2 ~|
Offset Value: F1% Y EE

[ Save initial measurement for subsequent offsets

[ Offset from saved relative value

lMeasurement: |Chn Doy ﬂ
heasurement Range: |1 10% W | 13.200 %
Delay Eefore Reading; |1UU.UUU ms | 100.000 ms

o Apply delay to first measurement only

" Apply delay to all measurements

Cancel ‘

e Channel — the output to which you wish to apply the constant voltage setting.

[
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Offset Value — the amount of offset change from an initial measurement. The value may be

entered either as a value or a percentage of channel reference voltage. Note: the equivalence
value (shown in the gray area to the right of the offset field) is calculated from the reference

voltage, while the actual runtime value will be calculated from an initial measurement.

Save initial measurement for subsequent offsets —checking this selection will save the initial
measurement for use in subsequent Constant Voltage Offset tests.

Offset from saved relative value — check this box to offset from a previously saved initial
measurement.

Measurement — the measurement vector that will be used to take the measurement. Note that
this must be a DMM-type voltage measurement vector.

Measurement Range — this is the maximum expected measured value. The value may be
entered either as a value or a percentage of a channel voltage reference.

Delay before reading — the amount of time you allow the UUT to settle after setting the
constant voltage value.

Apply delay to first measurement only — check this box to perform the delay only after
setting the first attempt at the desired constant voltage offset. Use this option if the UUT
requires a settle time after the initial offset only. Subsequent correction settings will be made
without delays.

Apply delay to all measurements — check this box to perform the delay after setting any
correction values in addition to delaying after the original offset.

3.4 Sequence

The load, source, digital and analog vectors defined by the program are applied to the tester
hardware before the test routine sequence is initiated.

1)

2)
3)
4)
5)
6)

The initial CV offset set point is calculated by either the initial measurement, or by using a
previously saved measurement value.

The offset value is programmed, changing the mode to Constant VVoltage if necessary.
Wait the delay before reading time, if necessary

Take another measurement and calculate a new set value based on the error term.
Repeat steps 2-4 until the error term is < 1mV or 10 attempts have been made.

Check for faults and log them as necessary

[
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4. DC IN-OUT RESISTANCE

4.1 Description

This test routine calculates the DC Resistance through the UUT by measuring the input and
output voltages, taking their difference, and dividing it by the input current. A failure occurs
when the calculated resistance is either higher or lower then the configured threshold.

4.2 Method

The test routine first delays for the amount of time specified. The input voltage, input current,
and output voltage measurements are then taken. The resistance is calculated as (input voltage —
output voltage) / input current. This calculated value is then evaluated for pass/fail, and the

result is logged to the datalog drivers.

4.3 Test Routine Properties

/ Resistance Calculation

Delay before reading

Input Measurements

InpLt Channel (115 VAC R4
voltage |oms Doy -]
Waltage Range [110% v | 126500

Current |115VAC src ACI

[~

hinimum Resistance |oooo R
Maximum Resistance g goo R

Enable Guality Monitor on this
measurement

Ok Cancel |

Current Range |1 10% & | 7150
Output Measurements
Output Channel [+5 Rd
Woltage |dms DCY -
Yoltage Range |1 10% W | 5.500 %

k|
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e Delay before reading — the amount of time you allow the UUT to settle before beginning
the measurements.

e Input Channel — defines the channel to use when making the input measurements.

e Input Voltage — the measurement vector that will be used to take the Input Voltage
measurement.

e Voltage Range - this is the maximum expected measured Input Voltage. The value may
be entered either as a value or a percentage of the Input Channel voltage reference.

e Input Current — the measurement vector that will be used to take the Input Current
measurement.

e Current Range — this is the maximum expected measured Input Current. The value may
be entered either as a value or a percentage of the Input Channel current reference.

e Output Channel — defines the channel to use when making the output measurement.

e Output Voltage — the measurement vector that will be used to take the Output Voltage
measurement.

e Voltage Range - this is the maximum expected measured Output VVoltage. The value
may be entered either as a value or a percentage of the Output Channel voltage reference.

e Minimum Resistance - this is the allowable lower limit of the calculated resistance.
Calculated values less than this will cause the test routine to fail.

e Maximum Resistance - this is the allowable upper limit of the calculated resistance.
Calculated values greater than this will cause the test routine to fail.

e Enable Quality Monitor on this measurement — check this box to enable Quality Monitor
data collection.

e Quality Monitor... — press this button to display the Quality Monitor properties. Please
refer to the Quality Monitor reference manual for further details.
4.4 Sequence

The load, source, digital and analog vectors defined by the program are applied to the tester
hardware before the test routine sequence is initiated.

1) Get the Input Voltage, Input Current, and Output Voltage measurements
2) Calculate the DC Resistance

3) Evaluate and log the result.

4) Check for faults and log them as necessary
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5. DESIGN VERIFICATION RAMP TEST

5.1 Description

As an aid to design engineers, emPower “ includes a ramping test routine that can be used to
verify the integrity of their designs. With the Design Verification (DV) Ramp test routine, you
can graph the regulation of your UUT output while ramping the current from minimum to
maximum loading, or plot Efficiency curves from Low, Nominal and High Line conditions.
Ramp parameters and measurement setups are easily entered via a step-by-step wizard, and a
chart is automatically generated and logged. The individual data points can also be saved in a
file for offline evaluation or data analysis.

5.2 Method

While one or more stimulus parameters are ramped, measurements are taken and logged. This
procedure can be repeated for multiple vector baselines. Once the data has been collected a chart
is created and logged, and the data points are optionally written to disk. The test routine returns
a “Pass” if the data was collected successfully, or a “Fail” if any faults are encountered.

5.3 Test Routine Properties

5.3.1 Ramp Parameters

4 Design Verification Ramp B‘
Famp Instructions Ramp Parameters ]
Step 1t

Define the ramp by entering the desired Murnber of Steps: |10 Step Delay: 16.667 mS

values into the Hamp Parameters fields.

AC In Voltage }
You may choose to ramp one or more
Input or Dutput conditions, and the ramps Channel to ramp: |AC n ﬂ
can increment andfor decrement.
Ramp Parameter: |VOItage ﬂ

The Step Delay is performed after all
defined ramp parameters have been set, Rarnp Start: B0% Y | 96000V
but before any measurements are made.

Ramp End: |1DD% W | 120.000 %

Step Size: 2400 [ Lagarithmic

Add a new parameter | ‘

< Back

e Number of Steps — the number of steps to take when ramping from the start value to the end
value. This also indicates the number of measurements taken during the test.

e Step Delay — this delay will be applied between each of the ramp steps.

| VvV /& ] ]
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Channel to ramp — the load or source channel to ramp

Ramp Parameter — the parameter of the channel to ramp. Selections include voltage, current,
frequency, etc.

Ramp Start — the initial value of the ramp parameter.
Ramp End - the final value of the ramp parameter.

Logarithmic — check this box to perform step changes logarithmically instead of linearly.
Notice that the “Step Size” field becomes “Step Multiplier”.

Add a new parameter — press this button to create an additional ramp parameter. You may
add as many ramp parameters as you wish.

5.3.2 Measurements

4 Design Verification Ramp B|
Hamp Instructions Measurements ] Fower Measurements |

Step 2a
For each ramp step, the measurements
defined by the Measurements fields are LT i © Gl D IUUT Out 2 Chn DCV |
taken.

[v Auto Describe |
The combination of stepping the ramp and v Collect data on this channel
taking measurements is performed until
the ramp runs to completion. Ehemmel |UUT Ot 1 ﬂ
Fress the "Power Measurements" tab to Measurement: |Chn DCw ﬂ
gather power-related measurements
during the rarmp. Weasurement Range: |1 10% % 5.500Y
Each aof the measurements taken will be
logged. Add a new measurement | Remove current measurement

< Back Cancel |

Auto Describe — if checked, the measurement is described by combining the name of the
channel to be measured with the measurement function. If unchecked, the user is prompted
to provide a description of this measurement.

Collect data on this channel — check this box to take a measurement of this channel and
collect the corresponding data.

Channel — defines the channel to use when making the measurement. Choose from any of
the defined Inputs or Outputs.

Measurement — the measurement vector that will be used to take the measurement. Note that
this must be a DMM-type measurement vector.

Measurement Range — this is the maximum expected measured value. The value may be
entered either as a value or a percentage of a channel reference. The appropriate reference is

| VvV /& ] ]
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automatically selected based on the measurement vector entry. In the example above, the
“UUT Out 1” Reference Voltage value will be used.

e Add a new measurement — press this button to add a new measurement and associated tab to
the test routine.

e Remove current measurement — press this button to remove the currently selected
measurement from the test routine. Once this button is pressed the measurement data is lost
and cannot be recovered.

5.3.3 Power Measurements

4 Design Verification Ramp

Ramp Instructions Measurements  FPower Measurements ]
Step 2b:
Use these fields to collect power-related [v Include Power Measurements and Calculations

measurements and calculations.

_ ACIn |DC In | UUT Out 1| UUT Out 2|
If the power measurements will be made
by combining seperate Yoltage and
Current measurements, select one vector
as the "Primary Measurerment" and the
other as the "Secondary Measurement”.
The routing will multiphy the beo results ta heasurement Range: |1 10% W 132.000 W
calculate Pawer.

[+ Include this Input in the power calculations

Primary Measurement: |AC I W ﬂ

| Enahle secondary measurement

Press the "Measurements” tah to gather

generic measurerments during the rampg. Secondary Measurement; | [-]

Measurement Range: |

Input Power, Qutput Power, Power
Dissipation and Efficiency values will bhe
logged.

< Back

Cancel |

e Include Power Measurements and Calculations — check this box to have Input Power, Output
Power, Power Dissipation and Efficiency values collected and logged with any generic
measurements defined on the “Measurements” tab.

e Include this Input/Output in the power calculations — check this box to enable the
measurement(s) for this input or output and to have the power value included in the total
Input/Output Power sum.

e Primary Measurement — the measurement vector that will be used to take the power
measurement. A “True” power measurement vector is preferred, if available. If the
input/output device is unable to make power measurements this entry may be used to take a
measurement that will be multiplied with the value of the Secondary measurement to create a
power value. For example, this entry could be a DC Voltage measurement while the
Secondary vector makes a DC Current measurement.

e Measurement Range (Primary) — this is the maximum expected measured value. The value
may be entered either as a value or a percentage of a channel reference. The appropriate
reference is automatically selected based on the measurement vector entry. In the example
above, the “AC In” Reference Wattage value will be used.

| VvV /& ] ]
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e Enable secondary measurement — check this box to instruct the test routine to take a
secondary measurement and combine it with the primary measurement to calculate the true
power of this input/output.

e Secondary Measurement — the measurement vector that will be used to take the secondary
measurement. If the input/output device is unable to make True Power measurements this
entry may be used to take a measurement that will be multiplied with the value of the
Primary measurement to create a power value. For example, this entry could be a DC
Current measurement while the Primary vector makes a DC Voltage measurement.

e Measurement Range (Secondary) — this is the maximum expected measured value. The
value may be entered either as a value or a percentage of a channel reference.

5.3.4 Vectors

4 Design Verification Ramp

Famp Instructions “ectors
Step 3:
The ramp and measurement parameters Ciff
vou defined can be repeated using various v Low Line
vectars as baseline settings. vl Marn Line

< T

Select the vectors you wish to use when
running the ramp. The ramp will be

repeated for each vectar selected. The vectors will be applied in this order (top to bottam):
Selected vectors are placed in the lower _ +
list wehere you can choose their execution Marn Line —
order by moving them with the arrow Lo Line
buttons. ¥
If you do not select any vectors from the Delay after setting vactor: 1000 S
lizt the ramp will be run ane time.

| Generate separate image files for each vectar

< Back Cancel |

e (Check boxes) — place a check next to each vector that you would like to use when repeating
the ramp (as defined in the previous pages). In this example, the ramp will be repeated three
times.

e (Sorting list) — use the arrows to define the order you wish to run the vectors. In this
example, the ramp will be run at “High Line” first, then repeated for “Nom Line”, and finally
executed once more with the “Low Line” vector applied. Data is collected for each vector.

e Delay after setting vector — the amount of time to delay between each vector setting before
repeating the ramp definition.

e Generate separate image files for each vector — by default, a single image file containing all
the collected data is created at the end of the test routine. By checking this box the test
routine will generate separate images containing only the corresponding measurement data
for each vector selected.

[
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5.3.5 Datalog
Famp Instructions Datalog ]
gtrfge4t:he ramp has completed, the results [v Automatically create chart file name

are datalogged accoarding to the selections |
in the Datalog fields.

: ' ) : Custamize chart... |
The data is written to a text file using a

comma-seperated-values [ .csv) format. : i e,
This format is supported by marny popular V' Save data points to fle
spreadsheet programs, including Micrasoft |C:\NHR\Repons\DVRamp.csv

Excel.

[v Overwrite existing data paint file

Press "Customize chart..." to customize

the chart generated by this routine. [ Append data points to existing file

[v hodify file names with Test Infarmation field: 2 j‘
| Lot Code

< Back Cancel |

e Automatically create chart file name — this selection determines whether chart image files
generated during this test are managed automatically or if you will choose the file and path
information.

e Customize chart... — the test routine will automatically generate a chart containing all the
collected information. Press this button to customize the appearance of the chart to suit your
needs. Refer to section 4.3.6, Charting Options, for detailed help on chart customization.

e Save data points to file — the collected data can be saved to a user specified file for use with
offline data analysis tools. The file is saved in Comma Separated Variable format (CSV) for
import to spreadsheet and data analysis programs.

e Overwrite existing data point file — if the test is rerun a naming conflict may exist. Check
this box to overwrite any file with the same name as defined. If this box is cleared and a
naming conflict exists, the new data will be saved with a unique number in parenthesis to
indicate the order in which the data was collected. To avoid this problem, choose to modify
the file name with a Test Information field as described below.

e Append data points to the existing file — use this option to store data collected in multiple
runs of the test into a single file. The entries are separated by a timestamp, and include all
the Test Information entered at the beginning of the test run.

e Modify file names with Test Information field — when enabled, a field from the Test
Information Entry form will be appended to the user entered file names. The Test
Information Entry form appears before running the test on each UUT, and is typically filled
in by the test operator. Appending an information field provides a method of tracking
specific chart and/or data point files to a particular UUT serial number or test pass. The
number selection box determines which of the input fields from the Test Information Entry
form will be appended to the file name.

| VvV /& ] ]
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5.3.6 Charting Options

Scale Data %::L:_‘: Caption Color Position [gral‘:r ;\;Iatre Min | Max ﬂz{g N[';llcosr
X Axis scale elements
AC In Voltage M AC In Yoltage -Elottom ﬂ _ ¥ 0 0 0 1
Y Axis scale elements
UUT Qut 1 Chn DCV M UUT Out 1 Chn DCY Left ~| H o0 a 1] 1
UUT Out2 Chn DCV ¥ UUT Out 2 Chn DCY Right | I ¥ 0 0 0 1
Input Power M Input Power Left x| H ¥ 0 0 0 1
Output Power M Qutput Power Right ~| H ¥ 0 0 0 1
Efficiency ¥ Efficiency Left ~| ® oo 00 |0 1
Dissipation ¥ Dissipatian Right -v| ¥ ¥ 0 0 0 1
Measurement Points 'z‘;:]da:_': Legend Color Symbol
Y Axls measurement elements
UUT Out 1 Chn DCV ¥ UUT Out 1 Chn DCY Box |
UUT Out2 Chn DCV B UUT Qut 2 Cha DCY Diarmond |
Input Power M Input Power Circle |
Output Power M Qutput Power Crass - |
Efficiency ¥ Efficiency Star |
Dissipation ¥ Dissipation " -
[v Create Legend Witidth: 500 Height: 400 [ Smooth lines Caption placement: |Tap hd
Caption; |Design YWerification Chart Ok Cancel ‘

e Scale Data — the ramp parameters are charted along the X-axis, while the measurement
parameters are charted on the Y-axis. This section is used to configure the X and Y scales.
Each scale entry can be customized as follows:

0 Add to Chart — check this box to include this scale data on the chart.

o Caption — this text is used to describe the scale.

0 Color — defines the color of the text and gridlines. Click on the field to select a new
color.

o Position — the position on the chart. X-axis scale data can be placed on the top or bottom,
while Y-axis scale data can be placed left or right of the chart data.

o Draw Grid — check this box to include the gridlines in the chart image — vertical for X-
axis data, and horizontal for Y-axis data.

0 Auto Scale — if this option is checked, the minimum and maximum scale values are
generated from the collected data. If the checkbox is cleared the “Min” and “Max” fields
are used.

0 Min - the minimum scale data. Only used if “Auto Scale” if false. Data points charted
below this value will be clipped.

0 Max - the maximum scale data. Only used if “Auto Scale” is false. Data points charted
above this value will be clipped.

| V /¥ ]
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0 Major Units — used to define the number of major divisions within the chart data. The
divisions will be drawn from “Min” to “Max”, with this field used as an increment value.
Use “0” to allow the software to automatically determine the optimal number of
divisions. Gridlines are drawn at these positions if “Draw Grid” is enabled.

0 Minor Div’s — used to define the number of minor divisions within each major division.
Gridlines are drawn at these positions if “Draw Grid” is enabled.

Measurement Points — these are the data points collected during the test run. If more than
one Vector was selected each Y-axis block will be repeated as necessary:

0 Add to Chart — check this box to plot the data on the chart.
0 Legend - if a legend is drawn, this text is used to describe the data.

0 Color - defines the color of the symbols and interconnecting lines. Click on the field to
select a new color.

0 Symbol - selects the symbol that will be drawn at every plotted data point.
Create Legend — check this box to include a legend area within the chart image.

Width — specifies the recommended width of the image. If the software is unable to create
the image as defined because of a lack of image space it will attempt to increase the width as
necessary up to twice this value.

Height — specifies the height of the image.

Smooth lines — check this box to draw smooth data point interconnection lines instead of
straight lines.

Caption placement — specifies the placement of the chart caption.

Caption — defines the title of the chart.

5.4 Sequence

The load, source, digital and analog vectors defined by the program are applied to the tester
hardware before the test routine sequence is initiated.

1)

2)
3)

For each Vector defined on the “Vector” tab (performed once if no vectors are selected)
a) Set the Ramp Parameters to the “Start” values

b) Make the measurements defined on both the “Measurement” and “Power Measurement”
tabs.

c) Increment the Ramp Parameter values by the “Step Size” (or multiply by “Step
Multiplier” if logarithmic) and make the measurements. Repeat this for the number of
steps defined.

Create the chart(s) and write the data point file if necessary.
Check for faults and log them as necessary

[
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5.5 Example

The following example will generate an Efficiency Curves report. The DV Ramp test will be
used to ramp UUT Out 1 Current from OA to 35A at Low Line, Nom Line and High Line input

settings.

5.5.1 Ramp Parameters

The first step is to define the Output Current ramp. According to our example definition, we
want to ramp UUT Out 1 Current from OA to 35A. Review the figure below to be sure you
understand the steps required to program the ramp. The choice of 20 ramp steps was arbitrary;
increasing the step count will give you finer resolution in your graph, while decreasing the count
will speed data collection. We set a step delay to allow the current change to settle before

beginning the measurements.

4 Design Verification Ramp g

Ramp Instructions Ramp Parameters |
Step 1
Define the ramp by entering the desired Mumnber of Steps: |20 Step Delay; 10.000 mS
values into the Ramp Parameters fields.
UUT Out 1 Current \
You may choose to ramp one or more
Input or Qutput conditions, and the ramps Channel to ramp: |UUT Out 1 ﬂ
can increment andfor decrement.
Ramp Parameter: |Current ﬂ
The Step Delay is perfarmed after all
defined ramp parameters have bheen set, Rarp Start: 0% A | 0O00A
but before any measurements are made. i
Rarnp End: 135,000 A | 3B000A
Step Size: 1.750 A, [ Lagarithmic
Add a new parameter | ‘
Cancel |
| VY /¥ ]
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5.5.2 Measurements

To generate Efficiency Curves we do not need to collect any general measurements. We’ll leave
the “Collect data on this channel” check box cleared and proceed to the “Power Measurement”
tab.

4 Design Verification Ramp

Famp Instructions Measurements ] Power Maasurements

Step Z2a
For each ramp step, the measurements

defined by the Measurements fields are LT o 1 Dl Dy \

taken.

[v Auto Describe |
The combination of stepping the ramp and [ Collect data on this channel
taking measurements iz performed until
the ramp runs to completion. Ehemmel | J
Press the "Power Measurements" tab to Measuremant: | J
pather power-related measurements
during the ramp. Measurement Range: |
Each of the measurements taken will be
logged. Add a new measurement |

< Back Cancel |

5.5.3 Power Measurements

On the Power Measurements tab we’ll define our power measurements. We’ll begin with Input
Power:

4 Design Verification Ramp

Famp Instructions Measurements  Fower Measurements

Step Zhe
IUze these fields to collect power-related

- [w Include Power Measurements and Calculations
measurements and calculations.

_ AC Input | UUT Out 1 |
If the power measurements will be made
by combining seperate Voltage and

[v Include this Input in the power calculations
Current measurements, select one vector

as the "Primary Measurement” and the Primary Measurerment: |AC Input W ﬂ
other as the "Secondary Measurement".
The routing will multiply the teo results ta Measurement Range: |11U% W 2.530 KW

calculate Power,
[ Enable secandary measurement

FPress the "Measurements” tab to gather

generic measurements during the ramp. Secondary Measurement: | [-]

Meazurement Range: |

Input Power, Qutput Power, Power
Dissipation and Efficiency values will be
logged.

< Back

Cancel

[
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Next we’ll define the Output Power. Notice that we’re using the DMM to measure voltage and
the Load device to measure current. Since the DMM can measure DC volts with a greater
accuracy than the DC Source, this combination will provide us the most accurate power
measurement.

4 Design Verification Ramp

Famp Instructions Measurements  Fower Measurements

Step Zhe
Use these fields to collect pqwer'rE|atEd [w Include Power Measurements and Calculations
measurements and calculations.

_ AC Input UUT Out 1 |
If the power measurements will be made
by combining seperate Voltage and

[v Include this Qutput in the power calculations
Current measurements, select one vector

as the "Primary Measurement” and the Primary Measurerment: |DMM DCY ﬂ
other as the "Secondary Measurement".
The rauting will multiphy the twa results to Measurement Range: [110% v 5.500 Y

calculate Power,
[+ Enable secondary measurement

FPress the "Measurements” tab to gather

generic measurements during the ramp. Secondary Measurement: |Lnad Current ﬂ

I t R : 110% A, 35.390 A
Input Power, Qutput Power, Power SASHERL e | ’

Dissipation and Efficiency values will be
logged.

< Back Cancel |

5.5.4 Vectors

According to our example definition, we want to run the ramp at Low Line, Nom Line and High
Line. We select the appropriate items in the Vector list. To ensure that the vectors will be
executed in the correct order, use the arrows to move the entries as required. We’ll set a delay to
allow the UUT to settle after each vector is applied.

If you want separate charts for each vector check the “Generate separate image files” option. For
our example we want to consolidate all three curves into one image so we leave the box
unchecked.

[
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4 Design Verification Ramp

Ramp Instructions

Step 3

The ramp and measurement parameters
you defined can be repeated using various
vectors as haseline settings.

Select the vectors you wish to use when
running the ramp. The ramp will be
repeated for each vector selected.

Selected vectors are placed in the lower
list where you can choose their execution
order by moving them with the arrow
buttons.

If vou do nat select any vectaors from the
lizt the ramp will be run ane time.

“ectors l

Off -~
v| Marm Line
o
v Lowe Line

Mo Load w
The vectors will be applied in this order (top to bottom):
Low Line
Mom Line i
High Line

4
Delay after setting vector; 1.000 5
| Generate separate image files for each vectar
< Back Cancel |

5.5.5 Datalog

In this example we don’t need to do anything special with the images so we’ll let the test system
control the chart naming. However, we’ll want to customize the layout of the chart, so press the

“Customize chart...” button.

4 Design Verification Ramp

Famp Instructions

Step 4.

Cince the ramp has completed, the results
are datalogged accoarding to the selections
in the Datalog fields.

The data is written to a text file using a
comma-seperated-values [ .csv) format.
This format is supported by many popular
spreadsheet programs, including Micrasoft
Excel.

Press "Customize chart..." to customize
the chart generated by this routine.

Datalog ]

[v Automatically create chart file name

[ Save data points to file:

Custormize chart. .. |

o
-
-

=

Cancel
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5.5.6 Charting Options

We’ll make several changes to the chart layout in order to demonstrate the flexibility of the

charting options. Let’s begin by examining the *Y Axis scale elements” in the Scale Data (top)

section.

By default, the test routine will graph all measurements defined by the ramp. When we choose
to make Power measurements four values are gathered: Input Power, Output Power, Efficiency
and Dissipation. In this example, we’re only interested in the Efficiency values so we’ll clear the
“Add to Chart” checkboxes for the other measurements.

The only other modification we’ll make to the Scale Data section is the “Min” field of the
Efficiency entry. The default value is to include all possible values from 0% to 100%. In this
example we want to magnify the deviations by setting the minimum value to 50.

' 4 Charting Options

L OX

Scale Data %::L:_‘: Caption Color Position [gral‘:r ;\;Iatre Min | Max ﬂz{g N[';llcosr
X Axis scale elements
UUT Out 1 Current ¥ UUT Qut 1 Current -Elottom ﬂ i ¥ o0 0 0 1
Y Axis scale elements
Input Power 2 finput Power Left | H ¥ 0 0 0 1
Output Power I Output Powar Right ~| H ¥ 0 0 0 1
Efficiency ¥ Efficiency Left | ¥ oA m1 0 1
Dissipation 21 |Dissipation Right - | ¥ ¥ 0 0 0 1
Measurement Points %::Ia:_‘: Legend Color Symbol
¥ Axls measurament elements - Low Ling
Input Power I Input Power Box |
Qutput Power o Qutput Power Diarmond |
Efficiency ¥ |Low Line Circle |
Dissipation 1 Digsipation -Cross |
¥ Axis measurement elements - Mom Line
Input Power o Input Power Star |
Output Power - Qutput Power " |
Efficiency ¥ Mom Line Triangle |
Dissipation J Dissipation Dowen Triangle |
Y Axis measurement elements - High Line
Input Power J Input Power -Eiox |
Output Power _ Qutput Fower Diamond |
Efficiency ¥ High Line Circle - |
Dissipation o Dissipation Cross -
[ Create Legend Width: |500 Height: [400 [v Smooth lines Caption placement: | Top A
Caption: |Eﬁ'|ciency Curves Ol Cancel ‘

In the “Measurement Points” section (bottom), we have options for plotting the collected data.

Since we defined the ramp to run under three vectors, we have three groups of data.

Like the Scale Data, we’re only interested in Efficiency data, so clear the checkboxes for all the
other data. Also, we’ll want a name for the efficiency data that describes each collection better
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than the default name of “Efficiency”. We’ll name them “Low Line”, “Nom Line” and “High
Line”. We know which vector is associated with each Measurement Point section by the
corresponding title. Enable “Smooth lines” to remove the choppiness from the data and, finally,
give the chart an appropriate caption of “Efficiency Curves”.

5.5.7 Sample Output

Using the setup defined in the previous steps, here’s a sample of a possible chart:

Efficiency Curves

O High Line
{2 Nom Line
4% Low Line

0 5 10 15 20 25 30 35
UUT Out 1 Current

[
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6. DEVICE CONTROL TEST

6.1 Description

Configured emPower ° devices can be accessed using the device control test routine. It enables
the user to set up a device independently of other devices. Applying a vector using the program
pane is the primary way to set up device states. This method has the drawback of setting states
for all the devices that are contained in the vector. By using this test routine the user can set
individual states for any device while leaving other devices untouched. Furthermore, devices
can be accessed that are not contained in the program Input, Output, Digital or Analog
configurations but exist in the system configuration.

This routine has the ability to control the state of the system Overvoltage Relays. The idea is to
bracket the test sequence you wish to run with an Overvoltage Relay closed with two instances
of this test routine. The first instance is used to close the desired relay, while the second instance
is used to open the relay. Any test steps you perform in between will have the specified relay
activated.

6.2 Method

The stored properties are loaded and applied to the selected device. The test routine returns a
“Pass” if successful, or a “Fail” if any faults are encountered.

6.3 Test Routine Properties

# Device Control

Device Selection

|Over\rultage Relay Contral ﬂ Configure... ‘

e Device Selection - this drop-down menu enables selection of the desired device.
e Configure - this button provides access to the device properties.

6.4 Sequence

The load, source, digital and analog vectors defined by the program are applied to the tester
hardware before the test routine sequence is initiated.

5) Get the device from the configuration manager
6) Load the stored device properties

7) Apply the properties

8) Check for faults and log them as necessary

| VvV /& ] ]
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7. DIGITAL STATE TEST

7.1 Description

The Digital State test performs a simple read of the state of the system digital input devices. It
returns the state of each input as it relates to a specific threshold setting, either above the
threshold value (*“High™) or below it (“Low™). This routine is useful for testing UUT outputs
such as status signals and LED drive lines.

7.2 Method
The state of each enabled digital input is read and verified.

7.3 Test Routine Properties

I4 Digital State Test B‘
Delay before reading: 0.000 5
Digital Name | State | Threshaold |
DI 001 0 2000
DiM 002 1 2000
DIM 003 0 2000
DIM 004 1 2000
DiM 005 " 0.000Y
DIM 006 b 0.000
DIM 007 b 0.000
DIM 003 b 0.000 Y

Digital Test Parameters for DIN 001

" Don't Test () Threshald:  [2.000 %

® Pass Low (0)
" Pass High (1) ‘

| Datalog untested digital inputs

e Delay before reading — the amount of time you allow the UUT to settle before beginning the
measurements.

e Digital Name — this column contains a list of all the digital inputs available in the system
configuration.

e State — this column indicates the expected state of the input. Choose “1” if the digital is
expected to be above the programmed threshold, “0” if the digital is expected to be below it,

| VvV /& ] ]
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or “X” if you do not wish to test this input. You change the value of this column by single
clicking the appropriate DIN and checking the “Don’t Test”, “Pass Low” or “Pass High”
buttons in the parameter area, or by double-clicking the value.

e Threshold — if the state of the corresponding digital input is to be verified (see the “State”
column), this column defines the voltage value used to determine the state of the digital. The
digital is considered “High” if its voltage value is greater than this threshold value, “Low” if
its voltage value is less than this threshold. You change the value of this column by single
clicking the appropriate DIN and entering the desired value in the “Threshold” edit field in
the parameter area. This column can be ignored if the DIN is not being tested.

e Digital Test Parameters — it is in this area that you define the test parameters for each DIN.
First select the desired DIN by single clicking the appropriate entry in the Digital Name
column. Enable or disable the test by selecting the “Don’t Test”, “Pass Low” or “Pass High”
option and set the test parameter by entering the desired threshold. You may also select more
than one DIN from the list and apply the parameters to every selection.

e Apply To Selections — pressing this button causes all the selected digital inputs to take on the
attributes currently defined in the “Digital Test Parameters” area.

e Datalog untested digital inputs — if this box is checked, all digital inputs with a “X” in the
State column will be logged as “Untested” to the datalog devices. If the checkbox is cleared,
no datalogging occurs for the untested digital inputs.

[
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7.4 Test Routine Properties — Multi-fixture mode

Z Digital State Test B|
Delay befare reading: W
Digital Name | State (4) | State () | Threshold |
DIN 001 0 ¥ 2.000 v
DIN 002 1 X 2.000 v
DIM 003 u] % 2.000 %
DIM 004 1 W 2.000 %
DIM 005 ¥ 0 2000 Y
DIN D06 X 1 2.000 v
DIM 007 ks 0 2.000 %
DIM 002 k4 1 2.000 %

Digital Test Pararmeters for DIM 001

State - Fixture A State - Fixture B
(" Dont Test (%) (@ Don't Test () Threshald: W
(® Pass Low (0) (" Pass Low (@)
(" Pass High (1) (" Pass High (1) ‘

[ Datalog untested digital inputs Cancel ‘

When EDIT is set to multi-fixture mode, the DIN state test modifies itself to present choices for
both the “A” and “B” fixtures. You select whether a DIN is tested while fixture “A”, “B” or
both are active. Data entry is the same as single-fixture mode except double-clicking the DIN
state value toggles both fixture values.

7.5 Sequence

The load, source, digital and analog vectors defined by the program are applied to the tester
hardware before the test routine sequence is initiated.

1) For each digital input to be tested:
a) Perform the measurement
b) Evaluate and log the result
c) Check for faults and log them as necessary

[
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8. DIN FREQUENCY TEST

8.1 Description

The Digital Input (DIN) Frequency test is used to measure the frequency of a system digital
input. It is useful for testing UUT outputs such as gate drive signals. Note: not all measurement

units support this measurement.

8.2 Method

The frequency of each selected digital input is measured and verified.

8.3 Test Routine Properties

¥ DIN Frequency Test Parameters

feasurement Options

Delay before reading:

[ Auto Describe

Digial Input:
Threshold:
Aperture:
Freguency Range:
hinimum %alue:
Maximum Yalue:

Enable Quality Monito
measurement

X

0.000 5

Gate Frequency \ DI 002 Frequency ]

Describe. ..

[v Perform tests on this channel

|DIN 001

T
Dmoms
0000 KHz
196,000 KHz
01 000 KHz

ron this

Add a new measurement

Remove current measurement

Cancel

e Delay before reading — the amount of time you allow the UUT to settle before beginning the

measurements.

e Auto Describe — if checked, the measurement is described by combining the name of the
Digital Input to be measured with the measurement function (“frequency”). If unchecked,
the user is prompted to provide a description of this measurement.

ran€
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e Perform tests on this channel — check this box to take a DIN frequency measurement of the
selected Digital Input.

e Digital Input — the digital input (DIN) to measure

e Threshold - the digital is considered “High” if its voltage value is greater than this threshold
value, “Low” if its voltage value is less than this threshold. The measurement unit will
measure the frequency at which the selected digital crosses this threshold value.

e Aperture — the measurement unit will take this long to make the measurement
e Frequency Range - this is the maximum expected measured value

e Minimum Value - this is the allowable lower limit of the measured value. Measured values
less than this will cause the test routine to fail.

e Maximum Value - this is the allowable upper limit of the measured value. Measured values
greater than this will cause the test routine to fail.
8.4 Sequence

The load, source, digital and analog vectors defined by the program are applied to the tester
hardware before the test routine sequence is initiated.

1) For each digital input to be tested:
a) Perform the measurement
b) Evaluate and log the result
2) Check for faults and log them as necessary

[
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9. EFFICIENCY TEST

9.1 Description

The efficiency test routine measures the UUT input power and output power and reports the
percentage of output power/input power as the efficiency of the UUT. Secondary measurements
enable verification of input and output power, power factor, and dissipated power.

This test routine also contains the ability to communicate to the UUT in order to verify its input
and/or output power measurement circuitry.

9.2 Method

The routine begins by making the appropriate power measurement on each enabled input. If the
secondary measurement box is enabled (see Properties), the results of the two measurements are
multiplied together and the product is assumed to indicate true power™.

The total input power is the sum of the power measurements for all the enabled inputs. The
power factor measurements are also made if applicable. Power factor pass or fail status is
determined and the result is logged to the datalog devices.

The power measurements for each enabled output are then acquired. If the secondary
measurement box is enabled, the results of the two measurements are multiplied together and the
product is assumed to indicate true power. The total output power is the sum of the power
measurements for all the enabled outputs.

o ) Total Output Power
Efficiency is then calculated as follows: x100

Total Input Power

The test routine will log an invalid measurement if input or output power is negative, or if the
output power measurement exceeds the input power measurement.

The routine continues by evaluating the total input and output power sums to determine their
respective pass/fail status and logging the results to the datalog devices if applicable.

The power dissipation is calculated by subtracting the total output power from the total input
power, and if applicable, a pass/fail status is determined and the result is logged to the datalog
devices.

If the Smart Readback option is selected, the total input power value is passed to the UUT
communications object as the reference value and the Input Power communication test is
performed. Pass or fail status is determined and the result is logged to the datalog devices. The
total output power value is then passed to the UUT communications object as the reference and
the Output Power communications test is performed. Again, pass or fail status is determined and
the result is logged to the datalog devices.

! Efficiency results calculated with a measurement other than a TRUE power measurement can give misleading
results.

| VvV /& ] ]
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9.3 Test Routine Properties

£ Efficiency Test Parameters

0.000 5

115 WAL ]+5n.r | +12v ] +z3v| 5w | azv | +5vse |

Delay before reading:

v Include this Input in the efficiency calculation

Frimary beasurement: |dm5 LW ﬂ
Measurement Range: [110% v 126,500

| Enable secondary measurement

Secondary Measurement: | J
Meazurement Range: |

[ Werify Power Factor

Fowver Factar Options l

Fower Factor Measurement: | J

Minimum Fower Factor: |

Maximum Fower Factor: |

5 s |

Smart Readback Options
[ Perform smart readback test on the UUT

Communications: |

[~

Input Power: |

Output Pawer: |

Minimum Efficiency: 0.000 %
M aximum Efficienoy: 100.000 %
Enable Quality Monitar on this

r

measurament

[ Merify Dissipated Power

Minimum Dissipated Power:
M aximum Cissipated Power:

r

[ Verify Input Fower

T

Minimum Input Fower: |

Maximum Input Fower: |

r

[T Verify Output Power

Minimum Output P ower: |

hlaximum Output Power: |

r

o]

BB B

Cancel |

X

e Include this Input/Output in the efficiency calculation — check this box to enable the
measurement(s) for this input or output and to have the power value included in the total

Input/Output Power sum.

e Primary Measurement — the measurement vector that will be used to take the measurement.
A “True” power measurement vector is preferred, if available. If the input/output device is
unable to make power measurements this entry may be used to take a measurement that will
be multiplied with the value of the Secondary measurement to create a power value. For

example, this entry could be a DC Voltage measurement while the Secondary vector makes a

DC Current measurement.
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e Measurement Range (Primary) — this is the maximum expected measured value. The value
may be entered either as a value or a percentage of a channel reference. The appropriate
reference is automatically selected based on the measurement vector entry. In the example
above, the “UUT In 1” Reference Wattage value will be used.

e Enable secondary measurement — check this box to instruct the test routine to take a
secondary measurement and combine it with the primary measurement to calculate the true
power of this input/output.

e Secondary Measurement — the measurement vector that will be used to take the secondary
measurement. If the input/output device is unable to make True Power measurements this
entry may be used to take a measurement that will be multiplied with the value of the
Primary measurement to create a power value. For example, this entry could be a DC
Current measurement while the Primary vector makes a DC Voltage measurement.

e Measurement Range (Secondary) — this is the maximum expected measured value. The
value may be entered either as a value or a percentage of a channel reference.

e Verify Power Factor — check this box to enable power factor measurement and reporting.

e Power Factor Measurement — the measurement vector that will be used to take the power
factor measurement.

e Minimum Power Factor - this is the allowable lower limit of the measured value. Measured
values less than this will cause the test routine to fail.

e Maximum Power Factor - this is the allowable upper limit of the measured value. Measured
values greater than this will cause the test routine to fail.

e Collect Quality Monitor data on this measurement — check this box to enable Quality
Monitor data collection.

e Quality Monitor... — press this button to display the Quality Monitor properties. Please refer
to the Quality Monitor reference manual for further details.

e Perform smart Readback test on the UUT - check this box to perform the UUT
communication section of the test routine.

e Communications — select the desired UUT communication object from the drop-down list
and press the ellipsis buttons for communications test parameters. Please refer to the
appropriate UUT communications object reference manual for further details.

e Input Power — the communications command used to query Input Power from the UUT. The
data may be entered here, or in the appropriate field in the UUT communications object.

e Output Power — the communications command used to query Output Power from the UUT.
The data may be entered here, or in the appropriate field in the UUT communications object.

e Minimum Efficiency - this is the allowable lower limit of the calculated value. Values less
than this will cause the test routine to fail.

e Maximum Efficiency - this is the allowable upper limit of the calculated value. Values
greater than this will cause the test routine to fail.

| VvV /& ] ]
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e Collect Quality Monitor data on this measurement — check this box to enable Quality
Monitor data collection.

e Quality Monitor... — press this button to display the Quality Monitor properties. Please refer
to the Quality Monitor reference manual for further details.

e Verify Dissipated Power — check this box to verify that the total dissipated power is within
acceptable limits.

e Minimum Dissipated Power — this is the allowable lower limit of the total value. Values less
than this will cause the test routine to fail.

e Maximum Dissipated Power — this is the allowable upper limit of the total value. Values
greater that this will cause the test routine to fail.

e Verify Input Power — check this box to verify that the total input power is within acceptable
limits.

e Minimum Input Power - this is the allowable lower limit of the total value. Values less than
this will cause the test routine to fail.

e Maximum Input Power - this is the allowable upper limit of the total value. Values greater
than this will cause the test routine to fail.

e Collect Quality Monitor data on this measurement — check this box to enable Quality
Monitor data collection.

e Quality Monitor... — press this button to display the Quality Monitor properties. Please refer
to the Quality Monitor reference manual for further details.

e Verify Output Power — check this box to verify that the total output power is within
acceptable limits.

e Minimum Output Power - this is the allowable lower limit of the total value. Values less
than this will cause the test routine to fail.

e Maximum Output Power - this is the allowable upper limit of the total value. Values greater
than this will cause the test routine to fail.

e Collect Quality Monitor data on this measurement — check this box to enable Quality
Monitor data collection.

e Quality Monitor... — press this button to display the Quality Monitor properties. Please refer
to the Quality Monitor reference manual for further details.
9.4 Sequence

The load, source, digital and analog vectors defined by the program are applied to the tester
hardware before the test routine sequence is initiated.

1) For each UUT input:
a) Perform the primary measurement

b) Perform the secondary measurement, if applicable, and multiply the result with that of the
primary measurement

| VvV /& ] ]
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2)
3)

4)
5)

6)

7)
8)
9)

¢) Perform the power factor measurement, if applicable, and evaluate and log the result
Sum the input power measurements to create the Total Input Power

For each UUT output:

a) Perform the primary measurement

b) Perform the secondary measurement, if applicable, and multiply the result with that of the
primary measurement

Sum the output power measurements to create the Total Output Power
Subtract the Total Output Power from the Total Input Power to get the Dissipated Power.
Total Output Power
x10
Total Input Power

Calculate the efficiency: (

Evaluate and log the efficiency result
Evaluate and log the Total Input Power result, if applicable
Evaluate and log the Total Output Power result, if applicable

10) Evaluate and log the Dissipated Power result, if applicable

11) If performing the Smart Readback test:

a) Set the ReferenceValue property equal to the total input power value
b) Initiate the communication test

c) Log the Input Power result

d) Set the Reference Value property equal to the total output power value
e) Initiate the communication test

f) Log the Output Power result

12) Check for faults and log them as necessary

[
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10. HARMONICS MEASUREMENT

10.1 Description

The Harmonics Measurement test routine is used to analyze a waveform to determine the

constituent frequencies that make up the signal. It is most often applied to AC current

waveforms to determine compliance with various international standards.

10.2 Method

After the acquisition of a waveform, this routine will determine the fundamental frequency and
then perform an FFT (Fast-Fourier Transform) to determine the amplitude of the fundamental

frequency and each harmonic (multiple) of the fundamental. The fundamental and each

harmonic are then tested against user-specified maximums to determine if they pass or fail. In
addition to testing the individual harmonics, the total harmonic distortion can be calculated and

tested.
10.3 Test Routine Properties

10.3.1 Waveform Setup

# Harmonics Test Parameters

Waveform Setup 1

Waveform Device: |AC Load 1 ﬂ

Capture Settings

Setup Capture... | [v Auto Describe

Acquire Woltage+Current+P ower

Delay befare start vectar:  |0.000 5

Start Wector: |<Nnne> ﬂ

Start Event Timeout: 1.000 5

YWaveform Image Options

[ Suppress image datalogging (performance increase on slow computers)

Image Width (0 = autosize); |0 Height (0 = autosize): |0

Cancel
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e Waveform Device — Select the device that will be used to capture the data. The list of
available devices varies with the hardware installed. In the NHR default naming convention,
waveform devices capable of accepting input external to the digitizer are named “External
Waveform 1,” 2, etc. If the digitizer gets the input internally, the devices are listed by the
logical hardware name like “AC Load 1,” “DC Load 1,” etc. These devices can be given
customized names by the user in the Configuration utility (see NH Document 09-0269).

e Setup Capture — The “Setup Capture” button brings up the Digitizer Device virtual scope
front panel control. This panel is used to select ranges, trigger options, input coupling and
termination, which channels to enable, and which system elements to connect to the enabled
channels.

The familiar DSO front panel interface (see 38.3.1 below for details) allows the multitude of
possible set up options to be presented in an intuitive way, and the “live” graphical display
allows checking the operation of the setup parameters. The Run and Force Trigger buttons
allow samples to be captured for immediate verification of range and sample rate selections if
other system signals are also “live” during test generation. A Measure button allows
immediate verification of the possible measurement operations before they are used in the
run time test program.

e Delay Before Start Vector — This time is used to delay the Start Vector from activation when
the test program enters the Waveform Test step. This may be necessary to allow other system
instruments, or the UUT, to be initialized or reach a nominal state as a result of previous
program steps. Since the Start VVector will typically invoke a trigger condition required to
capture data, the Delay Before Start Vector can be used to hold off this trigger for a fixed
time if necessary. Pre-triggering memory fill delays are determined automatically depending
on the Trigger Position selection (see below), the Delay Before Start VVector is not used for
this purpose.

e Start Vector — the vector that will initiate the measurement. The dropdown contains an entry
for every user defined Load, Source, Digital and Analog vector in the test program.

e Start Event Timeout — This time is used as a worst-case timeout value to keep the test
program from waiting indefinitely for a trigger condition or other result of the Start Vector.
As an example, if the Start Vector was UUT Power On, and the Waveform Test Trigger
Source selection was a DIN input connected to a UUT Power Good output signal, the Start
Event Timeout could be set to the greatest expected delay from UUT Turn On to Power
Good. The timeout will keep the test from hanging indefinitely if a bad UUT never activates
Power Good. If the Start Event Timeout expires, a test failure status is logged and the test
program continues.

e Suppress Image Datalogging — If the suppress image option is selected, the test will still
capture and process all measurements, but instead of displaying the measurement results
AND the captured waveform image, only the measurement results will be displayed. If the
image is not suppressed, it will be sized according to the width and height specified. Use 0 to
have the routine choose the best size or specify your own. Width and height are specified in
hundredths of inches; that is 5.50 inches would be specified as 550.

[
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10.3.2 Measurement Setup

# Harmonics Test Parameters g|

Meas. Setup 1

Analyze
Harranics far YWF: |WF2: Current (A ﬂ

" Onewhole cycle
" All whole cycles

@ Entire capture (assumes one cycle)

" Fundamental Freg Hz
ax Harmonic of Interest a2 i‘

< Back

Cancel ‘

e Harmonics for WF — choose the waveform channel to analyze.

e Select how fundamental will be determined — The accuracy of determining the fundamental
frequency is critical to the success of the harmonic analysis. In order for the test routine to
determine the fundamental frequency automatically, at least 1.5 cycles are required in the
capture. If that is the case, choose “One whole cycle” or “All whole cycles.” If the
waveform device is known to return exactly one whole cycle (like the NHR AC Load),
choose “Entire capture.” If the frequency is known, but cannot be determined automatically,
choose “Fundamental Freq.” and enter the frequency.

e Max Harmonic of Interest — Determines the maximum harmonic that will be evaluated.

[
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10.3.3 Measurements

# Harmonics Test Parameters B|
Measurements 1
Harmonics
@ Specify as RMS Harm. Max Harm. Max -
~ Specify as Percent of 1 0.400 2 0.000
Fundamental 3 0.200 4 0.000

L 0.100 b 0.000
[+ Include Odd Harmonics 7 0.050 8 0.000
[ Include Even Harmanics q 0.025 10 0.000

11 0.013 12 0.000
| Suppress Datalog 13 0006 14 0.000

15 0.003 16 0.000

17 0.003 18 0.000

19 0.003 20 0.000

21 0.003 22 0.000

23 0.003 24 0.000

25 0.003 26 0.000
Total Harmonic Distartion (THD)
[# Test THD Min |74
" |EC (sum(H2 to Hn) £ H1)

Max o5
@ CSA (sum({H2 to Hn) / sumiH1 to Hn))
Histogram Image
[ Suppress Histogram  Width (0 = autosize): |0 Height (0 = autasize): [0
< Back Cancel ‘

e Harmonics — Determine the maximum value for each harmonic. The values entered will be
in RMS or percent of fundamental as selected. If odd or even harmonics are excluded, they
will not be tested but they will still show up on the histogram. If you only want the
histogram, you can choose to suppress the datalog of the individual harmonic tests.

e Total Harmonic Distortion — If THD is to be tested in addition to the individual harmonics,
specify the method and minimum and maximum.

e Histogram Image — The histogram will be displayed unless suppressed. If the image is not
suppressed, it will be sized according to the width and height specified. Use 0 to have the
routine choose the best size or specify your own. Width and height are specified in
hundredths of inches; that is 5.50 inches would be specified as 550.
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10.3.4 File Options

# Harmonics Test Parameters B‘

File Options 1

Wwaveform File Specifications and Options

[ Save waveform data points to a file

Data point file narme: |

[ Save waveform image to a file
Waveform image file name: |

[ Madify file names with Test Infarmation field: :‘

Histogram Image File
| Save histogram image to a file

Histogram file narme:

[ Madify file name with Test Infarmation field: :‘

< Back

Cancel ‘

e Save waveform data points to a file — the collected data can be saved to a user specified file
for use with offline data analysis tools. The file is saved in Comma Separated Variable
format (CSV) for import to spreadsheet and data analysis programs.

e Save waveform image to a file — Save the waveform jpeg file in the specified location.

e Modify file names with Test Information field — when enabled, a field from the Test
Information Entry form will be appended to the user entered file names. The Test
Information Entry form appears before running the test on each UUT, and is typically filled
in by the test operator. Appending an information field provides a method of tracking
specific chart and/or data point files to a particular UUT serial number or test pass. The
number selection box determines which of the input fields from the Test Information Entry
form will be appended to the file name.

e Save waveform data points to a file — the collected data can be saved to a user specified file
for use with offline data analysis tools. The file is saved in Comma Separated Variable
format (CSV) for import to spreadsheet and data analysis programs.

e Save histogram image to a file — Save the histogram jpeg file in the specified location.

e Modify file name with Test Information field — when enabled, a field from the Test
Information Entry form will be appended to the user entered file names.

| VvV /& ] ]
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10.3.5 Sequence

The load, source, digital and analog vectors defined by the program are applied to the tester
hardware before the test routine sequence is initiated.

e Setup the waveform device and initiate capture. The waveform device will now be
armed and waiting for the trigger.

e Delay “wait before start vector” time.
e Apply start vector with system trigger.

e Wait for waveform device to complete the capture. If the trigger has not been seen by the
“start event timeout” then abort the capture.

e Determine fundamental frequency according to user choice.
e Perform FFT analysis.
e Analyze results.

e Datalog images and results as specified.

[
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11. INPUT DETECTION TEST

11.1 Description

The Input Detection test routine is a specialized routine that requires the ability to communicate
with the UUT. The routine is used to verify the internal measurement circuitry of the UUT by
testing both input voltage and frequency. The measurements can be compared against user-
entered values or values gathered from other test station measurement devices, and can be
performed for every input connected to the UUT.

The test routine uses the properties of the selected UUT Communications object to control the

flow of the test. As these communications objects differ in operation the flow of the test varies
accordingly. Please refer to the appropriate UUT communications object reference manual for
further details.

11.2 Method

The test begins by gathering the voltage measurement from the reference measurement device if
that option is enabled. This measured value is passed to the UUT communications object as the
reference value and the Input VVoltage communication test is performed. Pass or fail status is
determined and the result is logged to the datalog devices.

The reference frequency measurement is gathered from the reference measurement device, if that
option is enabled. This measured value is passed to the UUT communications object as the
reference value and the Input Frequency communication test is performed. Again, pass or fail
status is determined and the result is logged to the datalog devices.

All communications control, data collection and validation of any return data is performed by the
communications object. Please refer to the appropriate UUT communications object reference
manual for further details.

[
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11.3 Test Routine Properties

4 Input Detection Test Parameters

ULIT In 1 ]

[v Perform tests on this channel

Communications: |UUT Communications ﬂ [v Use Measured Yalues as References

[v “erify Input Waltage Reference Measurements

“oltage Measurement: |e‘r-"\CV? Yoltage Measurement: |r’-‘~C Yoltage ﬂ
Enable Quality Manitor an this “oltage Range: |1 10% | 132.000 %
measurerment

Frequency hWeasurement: Frequency -

[v “ferify Input Fraquency A ! | J

Frequency Range: 110% Hz | B8.000 Hz

Frequency Measurement:  |ACF?

|_ Enable Quality Manitor an this
measurement

Cancel

e Communications — select the desired UUT communication object from the drop-down list.
e Verify Input Voltage — check this box to verify the Voltage detection circuitry of the UUT.

e Voltage Measurement — press the ellipsis button for communications test parameters. Please
refer to the appropriate UUT communications object reference manual for further details.
The edit field to the left of the ellipsis button reflects the communications string to be sent to
the UUT necessary to perform the voltage measurement. The data may be entered here, or in
the appropriate field in the UUT communications object.

e Collect Quality Monitor data on this measurement — check this box to enable Quality
Monitor data collection.

e Quality Monitor... — press this button to display the Quality Monitor properties. Please refer
to the Quality Monitor reference manual for further details.

o Verify Input Frequency — check this box to verify the Frequency detection circuitry of the
UUT.

e Frequency Measurement — press the ellipsis button for communications test parameters.
Please refer to the appropriate UUT communications object reference manual for further
details. The edit field to the left of the ellipsis button reflects the communications string to
be sent to the UUT necessary to perform the frequency measurement. The data may be
entered here, or in the appropriate field in the UUT communications object.

e Collect Quality Monitor data on this measurement — check this box to enable Quality
Monitor data collection.

e Quality Monitor... — press this button to display the Quality Monitor properties. Please refer
to the Quality Monitor reference manual for further details.
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Use Measured Values as References — check this box to gather voltage and/or frequency

reference measurements from other test station measurement devices.

Voltage Measurement — the measurement vector that will be used to take the voltage

reference measurement. Note that this must be a DMM-type voltage measurement vector.

Voltage Range — this is the maximum expected measured value. The value may be entered
either as a value or a percentage of a channel voltage reference.

Frequency Measurement — the measurement vector that will be used to take the frequency
reference measurement. Note that this must be a DMM-type frequency measurement vector.

Frequency Range - this is the maximum expected measured value. The value may be

entered either as a value or a percentage of a channel frequency reference.

11.4 Sequence

The load, source, digital and analog vectors defined by the program are applied to the tester
hardware before the test routine sequence is initiated.

1) If performing the Voltage test:

2)

a)
b)

Load the communication object test parameters

If using a reference voltage measurement:

i) Perform the measurement

i) Set the Reference Value property equal to the measurement
Instruct the communication object to perform the test

Retrieve the pass/fail status and returned value

Log the result

Check for faults and log them as necessary

If performing the Frequency test:

a)
b)

Load the communication object test parameters

If using a reference voltage measurement:

1) Perform the measurement

ii) Set the Reference Value property equal to the measurement
Instruct the communication object to perform the test

Retrieve the pass/fail status and returned value

Log the result

Check for faults and log them as necessary
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12. MEASUREMENT MATH TEST

12.1 Description

The Measurement Math Test Routine is a general-purpose test routine that can be used to take
two measurements, and then combine them using several mathematical equations. Additionally,
after making the first calculation, the test routine offers the option of using previously calculated
results in place of a new measurement. In this way, it is possible to combine many different
combinations of measurements in a variety of ways.

12.2 Method

The test routine begins by gathering the measurement results for each required measurement.
These measurements are then logged if the option to log intermediate steps was chosen. Once a
result is recorded for both measurement A and B (either one of these may be defaulted to a user-
defined value, or use a previous calculated result), the results are manipulated individually as
specified. Each result can either be inverted, squared, or have the square root taken before
combining it with the other result mathematically. The manipulated results are then combined
using the specified mathematical equation. Once combined, the final result may be manipulated
by either inverting, squaring, or taking the square root of it. The result is compared to a specified
minimum and maximum value, and the result is evaluated and logged.

[
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12.3 Test Routine Properties

£ Measurement Math Test Parameters @

Delay before reading: 0000 5
Desoription: |Eurr- Output Power
A B
{+ Take Messurement { Previous Math Result: v (¢ Take Meassurement §  Previous Math Result: v
{” Entera Valus {~ Enter s Valus
Channsl: |UL|T Out 1 j Channsl; |LIUT Out 2 Ll
Measurement: |Dut 1 W _d Measurement: |Dut2 W :J
Meszsurement Range: |1 10% W 110.000 W Measurement Range: |11D% w 55.000 W
o Square Invert Square Root of r Square B Invert Square Root of
Measurement Measurement Measurement Measurement Measurement Measurement
Calculation
[¥ Log Intermediate Steps
- n/
" A+H (" A°H (" Minia, B) olerance as percentage Percentage: | | J
il LS ™ MaxiA, B) of Previous Result
[~ Owemride Units Units:
{20 Log{A / B) ™ 10 Log(A / B)
Minimum: Jmn,nnn w
Post Calculation Operations
Maximum: |1'={| 000w
[ 1/Result [ Sguare Result [ Square Root of Result it
Enable Quality Monitor on this
Save this Math result in storage location: 1 - - Calculation

e Delay before reading - the amount of time you allow the UUT to settle before beginning
the measurements. Note that this delay happens once at the beginning of the routine.

e Description — a description of the calculation being performed
e A —the first measurement result
e B - the second measurement result

e Take Measurement/Enter a Value/Previous Math Result — this option will determine
where result A comes from. Either take a new measurement, use a hard-coded value or
use the result of a previous Measurement Math test result. If you are choosing a previous
result, select the desired storage location from which to retrieve the previous value from
the dropdown to the right.

e Channel - defines the channel to use when making the measurement. Choose from any of
the defined Inputs or Outputs, or from the list of available multiplexer channels.

e Measurement — the measurement vector that will be used to take the measurement. Note
that this must be a DMM-type measurement vector.
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e Measurement Range - this is the maximum expected measured value. The value may be
entered either as a value or a percentage of a channel reference. The appropriate
reference is automatically selected based on the measurement vector entry.

e Square Measurement — check this option to square A or B after being measured.
e Invert Measurement — check this option to invert A or B after being measured.

e Square Root of Measurement — check this option to take the square root of A or B after
being measured.

e Calculation — these are the available equations to be used to manipulate results A and B.
They can be summed, subtracted, multiplied, divided, 20 Log(A/B) or 10 Log(A/B) can
be calculated, or the minimum or maximum between the A and B can be returned.

e Post Calculation Operations — after the calculation is complete, the result can be squared,
inverted, or have the square root taken. More than one of these options can be performed
at one time.

e Log Intermediate Steps — checking this will cause all details of the calculation to be sent
to the Datalog Server. This means that all measurements, manipulations of
measurements, calculation results, and manipulation of calculation results will be
displayed.

e Tolerance as percentage of Previous Result — if you enable this option, the Minimum and
Maximum tolerances will be calculated as a percentage of a previous Measurement Math
test result. Select the desired test result from the dropdown to the right.

e Override Units — the test routine will do its best to determine appropriate units for the
calculation being performed. Select this option to ignore the units determined by the test
routine, and supply your own.

e Units — units used to describe the end result of the calculation.

e Minimum - this is the allowable lower limit of the calculated result. Results less than this
will cause the test routine to fail.

e Maximum - this is the allowable upper limit of the calculated result. Results higher than
this will cause the test routine to fail.

e Save this Math result in storage location — the result of this calculation is stored so it can
be used in subsequent Measurement Math calculations in this test program. The routine
will store up to 100 values. Note: this storage is not persistent. When a new test program
is loaded the storage locations are re-initialized to zero.

¢ Enable Quality Monitor on this Calculation - check this box to enable Quality Monitor
data collection.

e Quality Monitor... — press this button to display the Quality Monitor properties. Please
refer to the Quality Monitor reference manual for further details.
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12.4 Sequence

The load, source, digital and analog vectors defined by the program are applied to the tester
hardware before the test routine sequence is initiated.

1) Wait the delay before reading time
2) For both A and B:

a) Perform the measurement, get a previously calculated Measurement Math result, or set
the user-defined value.

b) If a measurement was taken, apply any additional calculations specified (Square, Invert,
Square Root)

3) With results of A and B:
a) Perform the specified equation on the two results.
b) Apply any additional calculations specified (Square, Invert, Square Root)
c) Save the calculation in the appropriate storage location
d) Check for faults and log them as necessary
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13. MULTI-MEASUREMENT TEST

13.1 Description

The Multi-Measurement test routine is a very general-purpose test that will perform
measurements on the UUT’s inputs and/or outputs. Valid measurements include voltage,
current, power, frequency, noise, distortion, etc. The measurement points of the UUT may be
adjusted manually with a graphical display showing the measurement and its relationship to the
upper and lower tolerances. This routine allows the setting of a single additional vector in order
to perform tests like peak inrush current. The only constraint on this test is that the
measurements must use DMM-type measurement vectors.

This test routine also contains the ability to communicate to the UUT in order to verify its status
or internal measurement circuitry.

13.2 Method

If the “Additional Vector” is set to “None”, after performing the “Delay before reading” the
measurements are taken on each selected measurement. However, if an additional vector is
selected, the algorithm is modified to setup the measurement(s), set the additional vector, wait
the delay before reading time and then fetch the measured value(s). Note that the additional
vector is applied once regardless of the number of measurements configured. The ability to
“split” the measurement around the additional vector is hardware dependent; most measurement
units can make one measurement while the vector is being applied. If the measurement unit is
unable to span the vector with the requested measurements, the measurements will be taken after
the vector completes. This case is likely if you define more than one measurement per
measurement unit in the test routine.

Should any adjustable measurement fail, the operator is presented with an adjustment screen.
After the adjustments (if any), pass or fail status is determined and the results are logged to the
datalog devices.

If the Smart Readback option is selected, the measured value is passed to the UUT
communications object as the reference value and the communication test is performed. Again,
pass or fail status is determined and the result is logged to the datalog devices.
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13.3 Test Routine Properties

/£ Multi-Measurement Test Parameters

hMeasurement Options

Additional Weetar |{N-:|ne.‘=- ﬂ Delay befare reading: 100.000 m=

116 WAL DC Valtage l

|w Auto Describe |

[v Perform tests on this channel [w Adjust channel if outside the following limits:
Channel: 115 vaC | Adj. Minimum Value:  |99.5% Y | 114425 v/
Measurement: |-:Im5 Lcw j Adj. Maximum Yalue: |1DD.5%‘J | 5575 W
heazurement Range: |11D%‘J | 126500 W

Minimum Value: o v | 113850 v Smart Readback Options

b aximum alue: |‘1D1%U | 116150 [ Perform smart readback test on this channel;

[ Test as absolute value Cammunications: J
l_ Enable Quality Manitar on this |
measurement

Instruction Text for Adjust Screen:

Instructions

Add a new measurement Ok Cancel

e Additional Vector — this can be any load, source, digital or analog vector defined in the
program. Note that this vector is applied once at the beginning of the test routine.

e Delay before reading — the amount of time you allow the UUT to settle before beginning the
measurements. Note that this delay happens once at the beginning of the routine.

e Auto Describe — if checked, the measurement is described by combining the name of the
channel to be measured with the measurement function. If unchecked, the user is prompted
to provide a description of this measurement. This measurement is logged to the datalog
devices as part of the results.

e Perform tests on this channel — check this box to take a measurement of this channel.

e Channel — defines the channel to use when making the measurement. Choose from any of
the defined Inputs or Outputs, or from the list of available multiplexer channels.

e Measurement — the measurement vector that will be used to take the measurement. Note that
this must be a DMM-type measurement vector.

e Measurement Range - this is the maximum expected measured value. The value may be
entered either as a value or a percentage of a channel reference. The appropriate reference is
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automatically selected based on the measurement vector entry. In the example above, the
“UUT In 1” Reference Current value will be used.

e Minimum Value - this is the allowable lower limit of the measured value. Measured values
less than this will cause the test routine to fail. The value may be entered either as a value or
a percentage of a channel reference.

e Maximum Value - this is the allowable upper limit of the measured value. Measured values
greater than this will cause the test routine to fail. The value may be entered either as a value
or a percentage of a channel reference.

e Test as absolute value — check this box to use the absolute value of the measurement for
pass/fail evaluation and UUT communication reference.

e Collect Quality Monitor data on this measurement — check this box to enable Quality
Monitor data collection.

e Quality Monitor... — press this button to display the Quality Monitor properties. Please refer
to the Quality Monitor reference manual for further details.

e Adjust channel if outside the following limits — check this box to indicate the channel may be
adjusted if it is found to be outside the adjustment limits.

e Adj. Minimum Tolerance - this is the allowable lower limit of the adjustment range.
Measured values less than this will cause this output to be added to the adjustment list. The
value may be entered either as a value or a percentage of channel reference voltage.

e Adj. Maximum Tolerance - this is the allowable upper limit of the adjustment range.
Measured values greater than this will cause this output to be added to the adjustment list.
The value may be entered either as a value or a percentage of channel reference voltage.

e Perform smart readback test on this channel — check this box to perform the UUT
communication section of the test routine.

e Communications — select the desired UUT communication object from the drop-down list
and press the ellipsis button for communications test parameters. Please refer to the
appropriate UUT communications object reference manual for further details. The edit field
to the left of the ellipsis button reflects the communications string to be sent to the UUT.
The data may be entered here, or in the appropriate field in the UUT communications object.

e Instruction Test for Adjust Screen — instructions entered in this field will be displayed on the
adjustments screen during the test. If this field is left blank, the instructions area on the
adjustments screen will not display.

e Add a new measurement — press this button to add a new measurement and associated tab to
the test routine.

e Remove current measurement — press this button to remove the currently selected
measurement from the test routine. Once this button is pressed the measurement data is lost
and cannot be recovered.
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13.4 Sequence

The load, source, digital and analog vectors defined by the program are applied to the tester
hardware before the test routine sequence is initiated.

4)
5)
6)

7)

8)

Set the additional vector, if applicable

Wait the delay before reading time

For each configured measurement:

a) Perform the measurement

b) Translate to absolute value if necessary

¢) Evaluate the result

d) If passed, or the channel is not adjustable, log the result
e) If adjustable and failed, add channel to the adjustment list
f) Check for faults and log them as necessary

If there were any channels needing adjustment:

UUT Out 1 v, 5011
| |

UUT Out 2 v, 12.000 v
| |

| Continue |

a) Show the adjustment screen until the operator accepts the values. The test will pass as
long as all measurements are in the yellow or green area of the adjustment scale. The
green area is defined by the “Adj. Minimum/Maximum Tolerance” parameters, while the
yellow area is defined by the “Minimum/Maximum Tolerance” parameters

b) Evaluate and log the results

c) Check for faults and log them as necessary

If performing the Smart Readback test:

a) Set the Reference Value property equal to the measurement
b) Initiate the communication test

c) Log the result

d) Check for faults and log them as necessary

[
66 of 239 rerar€



emPower ® TEST ROUTINE REFERENCE MANUAL

14. MULTI-PASS REGULATION TEST

14.1 Description

The Multi-Pass Regulation test routine combines the capabilities of a Line Regulation, Load
Regulation, Corner Regulation and a Cross Regulation test routine in one. This test checks the
individual outputs of the UUT under various line and load conditions and compares the
measurements to either the nominal channel voltage settings, a set of “initial” saved
measurements or the channel voltage saved by a previous run of this routine or one of the
Voltage Regulation test routines.

14.2 Method

If “Save initial measurements” is enabled and the “Compare against saved relative values”
comparison option is selected, after performing the “Delay before reading” the measurements are
taken on each selected output. The measured values are saved and are used for comparisons on
the measurements that follow. These saved measurements are not validated or logged.

The test continues by applying the first selected Input and Output vector to the tester hardware,
delaying the “Delay before reading” value and measuring the outputs using the selected
measurement vectors. The measured values are validated and logged. This sequence is repeated
for every combination of the selected Input and Output vectors. Note: you do not need to make
selections from each vector column. You may perform a simple Line or Load Regulation test by
selecting only Input or Output vectors.

The standard algorithm applies the vectors in a simple top to bottom order. The first Output
vector is reloaded at the end of the Input sequence in order to prevent overloading of the channel.
The standard pattern used by the figure below is:

Low Line / Min Load
Low Line / Max Load

Low Line / Min Load <« This repeated setting is not logged the second time
High Line / Min Load
High Line / Max Load <« The test will end with these vectors active

The algorithm can be optimized to perform the least number of vector transitions. The pattern
will sequence through each Input vector from top to bottom, while applying the Output vectors in
an alternating top to bottom then bottom to top sequence. For example, the pattern used by the
figure below is:

Low Line / Min Load

Low Line / Max Load

High Line / Max Load <« Note that only one vector is changed here (High Line)
High Line / Min Load <« The test will end with these vectors active

The results are not datalogged in this alternating pattern but in the more natural sequence of top
to bottom of every combination regardless of the algorithm selection.

[
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14.3 Test Routine Properties

# Multi-Pass Regulation Test Parameters B‘
Input Vectors Output Vectors Delay hefore reading (after each wector set): |[0.000 5
v Save initial measurements for relative comparisons
i : UUT Out 1 | uuT out 2 |
|N0m Line ﬂ |Nnm Load ﬂ
v .
Mo Load |— Perfarm tests on this channel
v|Lows Line ¥IIin Load “oltage Measurement: |Chn DC ﬂ
Mam Line Mom Laad
v|High Line oI hax Load Measurement Range: |11U% Y | 5.500 %
Minimurn Talerance: H% Y | 4980V
haximum Taolerance: 1% | s0E0Y
Comparison options
[+ Compare against saved relative values
[ Display results as a delta value
[ Display results as a percentage of errar
Sat All ‘ Clear All ‘ Set All ‘ Clear All |
[ Optimize the algorithm ta minimize the number of vectar sets OK Cancel

e Save initial measurements for relative comparisons — check this box to apply the vectors
selected in the drop down lists below and make a measurement for each output. The results
of these measurements are saved, and used for relative comparisons if the “Compare against
saved relative values” is selected.

e Input Vectors — place a check beside each Input vector you would like to use. Each selected
Input vector is applied once with each selected Output vector during the test run.

e Output Vectors — place a check beside each Output vector you would like to use. Each
selected Output vector is applied once with each selected Input vector during the test run.

e Optimize the algorithm to minimize the number of vector sets — sequence through each Input
vector from top to bottom, while applying the Output vectors in an alternating top to bottom
then bottom to top sequence. If this box is left unchecked, the Output vectors are applied top
to bottom for each Input vector setting.

e Delay before reading (after each vector set) — the amount of time you allow the UUT to settle
before beginning the measurements. Note that this delay happens at every vector change.

e Perform tests on this channel — check this box to take a measurement of this channel.

e Voltage Measurement — the measurement vector that will be used to take the measurement.
Note that this must be a DMM-type voltage measurement vector.

e Measurement Range — this is the maximum expected measured value. The value may be
entered either as a value or a percentage of a channel reference. The appropriate reference is
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automatically selected based on the measurement vector entry. In the example above, the
“UUT Out 1” Reference Voltage value will be used.

Minimum Tolerance - this is the allowable lower limit of the measured value. Measured
values less than this will cause the test routine to fail. The value may be entered either as a
value or a percentage of a channel reference.

Maximum Tolerance - this is the allowable upper limit of the measured value. Measured
values greater than this will cause the test routine to fail. The value may be entered either as
a value or a percentage of a channel reference.

Compare against saved relative values — check this box to have the routine use a previously
saved value instead of the reference value for measurement comparisons. Note that an error
is logged if a measurement for this channel has not been previously saved. In that case, the
test will continue using the reference value. The saved values can come from the “initial
measurements” of this routine, or a previous run of this test routine or any of the Voltage
Regulation test routines.

Display results as a delta value — check this box to have the routine display the results as the
difference of these measurements from the nominal voltage or the previously saved measured
values, which ever is appropriate.

Display results as a percentage of error — check this box to have the routine display the
results as the percentage difference of these measurements from the nominal voltage or the
previously saved measured values, which ever is appropriate.

14.4 Sequence

The load, source, digital and analog vectors defined by the program are applied to the tester
hardware before the test routine sequence is initiated.

1)

2)

If “initial” values are being saved:
a) Set the initial Input and Output vectors
b) Wait the delay before reading time
c) Perform the measurements
d) Save the results for later use
For each selected Input Vector:
a) Apply the Input vector
b) For each selected Output Vector:
i) Apply the Output Vector
i) Wait the delay before reading time
iii) For each configured measurement:
(1) Perform the measurement
(2) Evaluate and log the result
(3) Check for faults and log them as necessary
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15. MULTI-TRANSIENT RESPONSE TEST

15.1 Description

This test routine will check the transient response of the UUT. The outputs will be subjected to a
current change and voltage undershoot and overshoot will be measured. The output voltages
may also be checked for proper settling after the transient has occurred.

A graphical image of the transients can be created and logged with the test results and Quality
Monitor data can be collected on each measurement.

Unlike the standard Transient Response test routine, this routine uses the load devices connected
to each UUT output to perform the measurements instead of a dedicated transient analyzer (TA).
It is important to understand the differences:

e Each measurement is DC-coupled to the load, not AC-coupled like a TA.

e If the output voltage is near the limit of a range, it is possible to over-range the
measurement circuitry when the Overshoot is performed. Ensure the selected Voltage
Range is sufficient to handle the expected transient.

e As the Voltage Range increases, the measurement resolution decreases.

e The measurements are digitized. As the measurement aperture increases, the
measurement Sample Rate decreases.

NOTE: This routine requires that a Model 4200 or 4700 Series DC Load be connected to each
output under test.

15.2 Method

The test begins by setting the “Initial Output Vector”. The entire vector is applied, so you can
use this vector to setup the tester prior to beginning the test sequence. This vector will program
the voltage and current ranges of each output, as well as advanced properties such as slew rates,
that will be active during the transient.

Utilizing the macro capability of the loads, a transient is programmed using the Current values
from the “Final Output Vector” and “Initial Output Vector” selections. A macro is programmed
for all outputs defined in the test program regardless of the state of the “Perform tests on this
channel” selection. When the test is run the macro program of each output is executed
synchronously and all channels are tested simultaneously.

Since all the outputs are programmed to transition regardless of the state of the “Perform tests on
this channel” selection, you can suppress the transition of an output by programming the
corresponding Current values of the “Initial” and “Final” vectors to the same value.

At the conclusion of this test, the outputs will be at the “Initial Output Vector” state.

[
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15.3 Test Routine Properties

4 Multiple Transient Response Test Parameters B|

Delay befare transient [0.000 5
Aperture  [40.000 m=

Initial Qutput Wectar |ND Load ﬂ
Final Output VWector |Ma}{ Load ﬂ
v Create a waveform image of the capture Configura... |

UUT Out 1 |uuT out 2|

[v Perfarm tests on this channel

kinimum Undershont |U.UUU W | 0.000 %

Maximurm Undershaot |1% y | 50,000 mv [ Enable Quality Manitor an this measurement
kinimum Overshoot |D.E|DE| W | 0.000 %

Maximurm Overshoat |1% y | 50000 v [ Enable Quality Manitar on this measurement

[v Perform settle test on this channel |5'9“|E ‘oltage and Time ﬂ

binimum Settle Valtage |1 kY | 4,950 v

Maximum Settle Voltage |1% y | 5 050 [ Enable Quality Manitar on this measurement
Minimum Settle Time |U.UUU s | 0.000 5
Maximurn Settle Time |1UD% 3 | 10000 ma [ Enable Quality Manitor an this measurement

QK Cancel

e Delay before transient — this delay occurs at the beginning of the test sequence before any
other steps.

e Aperture — each output will capture data for this long beginning when the transient is applied.
The undershoot occurs at the beginning of the aperture and the overshoot is programmed half
way through this time. Make this time window large enough to capture the entire event, as
required.

e [Initial Output Vector — this output vector is applied before the transient is programmed. In
addition, the Current settings from the vector are extracted and used to create the overshoot
portion of the transient.

e Final Output Vector — the Current settings from this vector are extracted and used to create
the undershoot portion of the transient. Note that the Final Output Vector currents must be
greater than the Initial Output Vector currents.

e Create a waveform image of the capture — check this box to have the test generate an image
of the transients and log it as part of the test data. Press the “Configure” button to customize
the waveform image. If this box is cleared no image will be created.
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e Configure — Press this button to customize the waveform image. See the following section.

e Perform tests on this channel — check this box to enable measurement collection on this
channel.

e Minimum Undershoot — this is the allowable lower limit of the measured undershoot value.
Measured values less than this will cause the test routine to fail. The value may be entered
either as a value or a percentage of nominal channel voltage.

e Maximum Undershoot — this is the allowable upper limit of the measured undershoot value.
Measured values greater than this will cause the test routine to fail. The value may be
entered either as a value or a percentage of nominal channel voltage.

e Collect Quality Monitor data on this measurement — check this box to enable Quality
Monitor data collection on the undershoot measurement.

e Quality Monitor... — press this button to display the Quality Monitor properties. Please refer
to the Quality Monitor reference manual for further details.

e Minimum Overshoot — this is the allowable lower limit of the measured overshoot value.
Measured values less than this will cause the test routine to fail. The value may be entered
either as a value or a percentage of nominal channel voltage.

e Maximum Overshoot — this is the allowable upper limit of the measured overshoot value.
Measured values greater than this will cause the test routine to fail. The value may be
entered either as a value or a percentage of nominal channel voltage.

e Enable Quality Monitor on this measurement — check this box to enable Quality Monitor data
collection on the overshoot measurement.

e Quality Monitor... — press this button to display the Quality Monitor properties. Please refer
to the Quality Monitor reference manual for further details.

e Perform settle test on this channel — check this entry to enable settle testing on the output.
Select the type of settle test to perform (Settle VVoltage, Settle Time or both) from the list next
to the check box.

o “Settle Voltage” is defined as the average DCV sampled during the last 10% of the
measurement aperture.

o “Settle Time” is the amount of time it takes for the output voltage to return to the window
defined by the Minimum and Maximum Overshoot values after the overshoot setting has
been applied. If the overshoot never leaves this window, the settle time is reported as the
amount of time it takes for the output voltage to return to the window defined by the
Minimum and Maximum Undershoot values after the undershoot setting has been
applied.

e Minimum Settle Voltage — this is the allowable lower limit of the measured settle value.
Measured values less than this will cause the test routine to fail. The value may be entered
either as a value or a percentage of nominal channel voltage.

e Maximum Settle VVoltage — this is the allowable upper limit of the measured settle value.
Measured values greater than this will cause the test routine to fail. The value may be
entered either as a value or a percentage of nominal channel voltage.
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e Collect Quality Monitor data on this measurement — check this box to enable Quality
Monitor data collection on the settle voltage measurement.

e Quality Monitor... — press this button to display the Quality Monitor properties. Please refer
to the Quality Monitor reference manual for further details.

e Minimum Settle Time — this is the allowable lower limit of the measured settle time.
Measured values less than this will cause the test routine to fail. The value may be entered
either as a value or a percentage of channel reference time.

e Maximum Settle Time — this is the allowable upper limit of the measured settle time.
Measured values greater than this will cause the test routine to fail. The value may be
entered either as a value or a percentage of channel reference time.

e Collect Quality Monitor data on this measurement — check this box to enable Quality
Monitor data collection on the settle time measurement.

e Quality Monitor... — press this button to display the Quality Monitor properties. Please refer
to the Quality Monitor reference manual for further details.

15.4 Waveform Properties

f Multi-Transient Waveform Setup

‘Width: |500 Height: 400 Caption:

Acquisition Type

(" MNormal - the maximum amount of data is collected

(@ Fast-arepresentative subset of the datais collected

[v Mathematically rermove DC compaonent fram waveforms (gives appearance of AC coupling)

File Specifications

 Automatically control the file specifications for datalogging (recommended)

" Allow me to specify file name and path

Waweform image file name: |

r [

Cancel |

e Width — specifies the width of the image.
e Height — specifies the height of the image.
e Caption —this text is used to describe the image.

e Acquisition Type — when you select “Normal”, every data point gathered by the
measurement hardware is downloaded and used to generate the image; “Fast” will download
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128 data points, gathered evenly from throughout the aperture. Selecting “Fast” does not
affect the quality of the measurements.

Mathematically remove DC component from the waveform — since the measurements
collected during this test are all DC coupled, you can select this option to have the waveform
image offset the data to remove the DC voltage (as measured by the Settle VVoltage). This
gives the data the appearance of an AC coupled waveform, magnifying the transient portion
of the image.

File Specifications — These selection buttons determine whether the image file generated
during this test is managed automatically or if you will choose the file and path.

o Automatically control the file specifications for datalogging (recommended) — this
selection determines whether the image file generated during this test is managed
automatically.

o Allow me to specify file name and path — choose this option if you want to manually
select the filename and path for the image file.

o Waveform image file name — if you chose to manually control the filename enter the
specification here.

0 Modify file name with Test Information field — When enabled, a field from the Test
Information Entry form will be appended to the user entered file name. The Test
Information Entry form appears before running the test on each UUT and is typically
filled in by the test operator. Appending an information field provides a method of
tracking specific waveform images to a particular UUT serial number or test pass. The
number selection box determines which of the input fields from the Test Information
Entry form will be appended to the file name.

15.5 Sequence

The load, source, digital and analog vectors defined by the program are applied to the tester
hardware before the test routine sequence is initiated.

1)
2)
3)
4)

5)

6)
7)
8)

Delay the “Delay before Transient” time

Apply the “Initial Output Vector”

Delay half the “Aperture” time to allow the vector to settle

For each UUT output:

a) Create a transient macro using the Current values from the “Final” and “Initial” vectors

b) If the test is being performed on the output, setup and arm the load measurement to
capture the transient.

Issue a system trigger to cause each output to simultaneously begin both the transient macro
and the measurement aperture.

Gather the measurements, evaluate and log the results
Create and log the waveform image, if required
Check for faults and log them as necessary
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16. OVER CURRENT TEST

16.1 Description

The Over Current test routine provides the user with a method to ramp UUT Output loads while
monitoring a group of DMM-type measurements. The test routine can be configured to ensure a
UUT is functional at the extreme limits of specifications or to determine the overload point of
any or all defined UUT outputs.

16.2 Method

The ramp is defined by entering the desired UUT Output vectors into the Ramp Parameters
fields. For each ramp step, all the UUT Output containers defined in the test program are
simultaneously stepped to a new ramp value. After a step delay the measurements defined by the
Measurement Parameters fields are taken.

The combination of stepping the ramp and taking a measurement is performed until the ramp is
stopped. You can choose to stop the ramp if one or all measurements exceed a deviation limit. If
one or all of the measurements never exceed the deviation limits the ramp will run to completion.
This occurrence can be flagged as an error if desired.

Once the ramp has been stopped or run to completion, the results are datalogged according to the
selections in the Datalog Parameters fields. UUT outputs may to be ramped to a failure point but
options are available to datalog the immediately preceding ramp set points and measurements.

16.3 Test Routine Properties

£ Over Current Ramp Test Parameters @

Ramp Farameters T Measurement Farameters T [ratalog Farameters
Famp Start Wectar: |N|:| Load j
Famp End Wectar: |I'u1.a>< Laoad j
Number af Steps: |1|:| | 10.000 %
Step Delay: 200000 m5 | 200.000 mS
Ok Cancel
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e Ramp Start Vector- the initial value of the ramp parameter.
e Ramp End Vector- the final value of the ramp parameter.

e Number of Steps — the number of steps to take when ramping from the start value to the end
value. This also indicates the number of measurements taken during the test.

e Step Delay - this delay will be applied between each of the ramp steps.

£ Over Current Ramp Test Parameters E|

Ramp Parametar= T Measure mert Parame‘tersT Cratalog Parameters

Waut ]

[w Include this channel

Measurement Wector

Measurement Range |-11|:|%1ur | Z2.0a0n

M aximum Dewiation (+£-] FTTRY: M aximum Deviation iz
entered as a walue or a
percentage of the first

[ Include this channel in Sum of Sat WValuas heazured Value,

(» 0O
Stop ramping when . Irlne deviation exceads maximum.

Al

Ol Cancel

e Include this channel — check this box to take a measurement of this channel. These selections
WILL NOT affect the ramp set values. All UUT Output Containers will be ramped
synchronously at each step in this test routine.

e Measurement Vector — the measurement vector that will be used to take the measurement.

e Measurement Range — this is the maximum expected measured value. The value may be
entered either as a value or a percentage of a channel reference.

e Maximum Deviation - this is the allowable limit of the measured value. Measured values
exceeding this deviation may cause the test routine to stop ramping. The value may be
entered either as a value or a percentage of the first measured value (measured at run-time).

e Include this channel in Sum of Set VValues — check this box if using ‘Sum of Set Values’
Datalog Parameter and this channel is to be included in the set.

e Stop ramping when One or All deviation exceeds maximum — select One or All to control
when the ramp is stopped.
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£ Over Current Ramp Test Parameters @

Ramp Farametars T Measurement Farameters T Dztalog Parameters

Datalog Farameter: |Lu:ug All Channel Measurements j

[ Dizplay as Deviation from Initial Measured Yalues

- e |

Minimum Walue:
Ml aximum Walue:

[ Log afailure if the ramp runsto completion

Ol Cancel

Datalog Parameter — select the measurements or ramp values you wish to datalog.

Log All Channel Measurements — all enabled measurement channels are logged. The last
measurements taken are logged.

Log All Previous Channel Measurements— all enabled measurement channels are logged. The
previous measurements (prior ramp step) are logged.

Sum of Channel Measurements— all enabled measurement channels are summed and logged.
The last measurements taken are included in the sum.

Sum of Previous Channel Measurements— all enabled measurement channels are summed
and logged. The previous measurements (prior ramp step) taken are included in the sum.

Sum of Set Values— all enabled measurement channels selected for inclusion in the set are
summed and logged. The last set values are included in the sum.

Sum of Previous Set Values— all enabled measurement channels selected for inclusion in the
set are summed and logged. The previous set values (prior ramp step) are included in the
sum.

Display as Deviation from Initial Measured Values — check this box to log the deviation from
the initial measured value rather than the measured value.

Collect Quality Monitor data on this measurement — check this box to enable Quality
Monitor data collection.

Quality Monitor... — press this button to display the Quality Monitor properties. Please refer
to the Quality Monitor reference manual for further details.

Minimum Value - this is the allowable lower limit of the measured value. Measured values
less than this will cause the test routine to fail.
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e Maximum Value - this is the allowable upper limit of the measured value. Measured values

greater than this will cause the test routine to fail.

e Log afailure if the ramp runs to completion — check this box to log a failure if the ramp runs

to completion.

16.4 Sequence

The load, source, digital and analog vectors defined by the program are applied to the tester

hardware before the test routine sequence is initiated.
1) Initialize the ramp:
a) Calculate ramp control parameters
2) Start the ramp:
a) Take an initial measurement
3) For each ramp step:
a) Calculate new set value
b) Take the measurement
c) Evaluate the results to determine whether to continue ramping
4) Datalog the results
5) Validate ramp and log results if necessary
6) Check for faults and log them as necessary
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17. OVER CURRENT (HIGH PRECISION) TEST

17.1 Description

The High Precision Over Current test routine provides the user with a method to slew UUT
Output loads at a controlled rate of change to determine the overload point of any or all defined
UUT outputs. The resolution of the reported current is based on the sample rate of the load
connected to the output channel, not a coarse step size as reported in a ramping routine. An
optional waveform image can be datalogged.

NOTE: This routine requires that a Model 4200 or 4700 Series DC Load be connected to each
output under test.

17.2 Method

A starting current value is set to each output being tested. Each output is then programmed to
slew to the ending current value when the system trigger is issued. While the load is slewing, the
output voltage is monitored for the overload point.

The overload point is defined as being the time when the output voltage drops below the voltage
threshold level. You can define a hysteresis value around the voltage threshold and specify that
the output must remain below this threshold window for a minimum amount of time (called the
“event width”). Using the combination of hysteresis and event width you can account for any
noise or “hiccup” in the output voltage and define the true overload point.

Once the slew has completed, the load is queried for the current that caused the overload point
and that value is datalogged. If you defined an event width greater than zero you can also
datalog the current that occurred at the end of the event window.

If desired, you can also have the load return overload values offset in time from when the load
detected the event. For example, if your UUT shuts off 10mS after detecting the overload, you
can enter a -10mS “measurement offset” and instruct the load to return the current values in
effect 10mS before the detected event.

The test routine will slew each enabled load simultaneously. You'll get “invalid” measurements
if the voltage doesn't drop below the threshold for the “event” time within the slew time for each
enabled load. The waveform image, if logged, will contain both the current and voltage
waveforms of each output. Threshold bars are drawn on the image in the same color as the
corresponding waveform.
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17.3 Test Routine Properties

I 4 High Precision Over Current Test Parameters

UuT Out 1 |uuT Out 2|
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= oltage (V) noms Maximurm: | |
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Cancel ‘

Delay befare test: [0.000 5 [ Create a waveform image of the capture

Perform test on this channel — check this box to perform the Over Current test on this
channel. The channel must have a Model 42xx load connected to it. All enabled channels
will be tested synchronously.

Starting Current — the load will slew from this value to the Ending Current value. The value
may be entered either as a value or a percentage of the channel reference Current.

Ending Current — the load will slew from the Starting Current value to this value. The value
may be entered either as a value or a percentage of the channel reference Current.

Slew Rate — the rate at which the load will change from the Starting to the Ending value. The
amount of time required to make this change is displayed within the parenthesis below. You
can also control the slew rate by entering a value in the elapsed time field — the
corresponding slew rate will be automatically calculated.

Vth — the output channel must drop below this threshold value (including hysteresis, below)
before it is considered overloaded. The value may be entered either as a value or a
percentage of the channel reference Voltage.

Vth Hysteresis — this value allows you to program a “window” around the threshold to
account for any noise in the signal. If you program the hysteresis value using a percentage
(e.g., “1.0 %”), the value is the percentage of the Vth value, not the channel reference.
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Event Width — when the output channel has stayed below the Vth and hysteresis for this
amount of time the channel is overloaded. If the channel “bounces” above the hysteresis
window before the event width has expired the channel is not overloaded. The
measurements will be referenced to this time.

Measurement Offset — use this value to have the routine report values offset from the event
time. A negative value will go back through the aperture and report values before the Event
window; a positive value will go forward through the aperture and report values after the
Event window.

Measurements — the test returns the current measured at the beginning of the event window
and/or the end of the event window (offset as appropriate).

e Log Current at beginning of event

e Minimum - this is the allowable lower limit of the measured value. Measured values
less than this will cause the measurement to fail. The value may be entered either as a
value or a percentage of channel reference.

e Maximum — this is the allowable upper limit of the measured value. Measured values
greater than this will cause the measurement to fail. The value may be entered either
as a value or a percentage of channel reference.

e Quality Monitor — check this box to enable Quality Monitor data collection.

e Quality Monitor... — press this button to display the Quality Monitor properties.
Please refer to the Quality Monitor reference manual for further details.

e Log Current at end of event

e Minimum — this is the allowable lower limit of the measured value. Measured values
less than this will cause the measurement to fail. The value may be entered either as a
value or a percentage of channel reference.

e Maximum — this is the allowable upper limit of the measured value. Measured values
greater than this will cause the measurement to fail. The value may be entered either
as a value or a percentage of channel reference.

e Quality Monitor — check this box to enable Quality Monitor data collection.

e Quality Monitor... — press this button to display the Quality Monitor properties.
Please refer to the Quality Monitor reference manual for further details.

e Delay before test — the amount of time you allow the UUT to settle before beginning the
procedure. Note that this delay happens once at the beginning of the routine.

e Create a waveform image of the capture — check this box to have the test generate an
image of the over-current and log it as part of the test data. Press the “Configure” button
to customize the waveform image. If this box is cleared no image will be created.

e Configure — Press this button to customize the waveform image. See the following
section.
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17.4 Waveform Properties

¥ Waveform Setup E
Yidth; (500 Height: [400 Caption:|

Acouisition Type

" Mormal - the maximum amount of data is callected

® Fast-arepresentative subset of the data is collectad

File Specifications

o Automatically control the file specifications for datalogging (recommended)

" Allow me to specify file name and path

Wayeform image file name: |

= L

Cancel |

e Width — specifies the width of the image.
e Height — specifies the height of the image.
e Caption —this text is used to describe the image.

e Acquisition Type — when you select “Normal”, every data point gathered by the
measurement hardware is downloaded and used to generate the image; “Fast” will download
128 data points, gathered evenly from throughout the aperture. Selecting “Fast” does not
affect the quality of the measurements.

o File Specifications — These selection buttons determine whether the image file generated
during this test is managed automatically or if you will choose the file and path.

e Automatically control the file specifications for datalogging (recommended) — this
selection determines whether the image file generated during this test is managed
automatically.

e Allow me to specify file name and path — choose this option if you want to manually
select the filename and path for the image file.

e Waveform image file name — if you chose to manually control the filename enter the
specification here.

e Modify file name with Test Information field — When enabled, a field from the Test
Information Entry form will be appended to the user entered file name. The Test
Information Entry form appears before running the test on each UUT and is typically
filled in by the test operator. Appending an information field provides a method of
tracking specific waveform images to a particular UUT serial number or test pass. The
number selection box determines which of the input fields from the Test Information
Entry form will be appended to the file name.
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17.5 Sequence

The load, source, digital and analog vectors defined by the program are applied to the tester
hardware before the test routine sequence is initiated.

1) Delay before beginning the test
2) For each output in use:

a) Set starting current. This value slews at the rate specified in the vector applied before the
test program starts.

b) Program the slew rate and measurement aperture

c) Program the load to perform a triggered set to the ending current and a triggered
measurement

3) Issue a system trigger and wait until the loads have finished capturing data
4) Fetch the measurements and waveform data, if applicable

5) Datalog the results

6) Check for faults and log them as necessary
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18. OVER POWER (HIGH PRECISION) TEST

18.1 Description

The High Precision Over Power test routine provides the user with a method to slew UUT
Output loads at a controlled rate of change to determine the overload point of any or all defined
UUT outputs. The resolution of the reported power is based on the sample rate of the load
connected to the output channel, not a coarse step size as reported in a ramping routine. An
optional waveform image can be datalogged.

NOTE: This routine requires that a Model 4200 or 4700 Series DC Load be connected to each
output under test.

18.2 Method

A starting current value is set to each output being tested. Each output is then programmed to
slew to the ending current value when the system trigger is issued. While the load is slewing, the
output voltage is monitored for the overload point.

The overload point is defined as being the time when the output voltage drops below the voltage
threshold level. You can define a hysteresis value around the voltage threshold and specify that
the output must remain below this threshold window for a minimum amount of time (called the
“event width”). Using the combination of hysteresis and event width you can account for any
noise or “hiccup” in the output voltage and define the true overload point.

Once the slew has completed, the load is queried for the power that caused the overload point
and that value is datalogged. If you defined an event width greater than zero you can also
datalog the power that occurred at the end of the event window.

If desired, you can also have the load return overload values offset in time from when the load
detected the event. For example, if your UUT shuts off 10mS after detecting the overload, you
can enter a -10mS “measurement offset” and instruct the load to return the power values in effect
10mS before the detected event.

The test routine will slew each enabled load simultaneously. You can program a zero-change
slew (where the start and end currents are the same) if the channel will collapse due to the
change on the other channels. You'll get “invalid” measurements if the voltage doesn't drop
below the threshold for the “event” time within the slew time for each enabled load.

The waveform image, if logged, will contain both the current and voltage waveforms of each
output. Threshold bars are drawn on the image in the same color as the corresponding
waveform.
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18.3 Test Routine Properties

I 4 High Precision Over Power. Test Parameters
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Perform test on this channel — check this box to perform the Over Power test on this channel.
The channel must have a Model 42xx load connected to it. All enabled channels will be
tested synchronously.

Starting Current — the load will slew from this value to the Ending Current value. The value
may be entered either as a value or a percentage of the channel reference Current.

Ending Current — the load will slew from the Starting Current value to this value. The value
may be entered either as a value or a percentage of the channel reference Current.

Slew Rate — the rate at which the load will change from the Starting to the Ending value. The
amount of time required to make this change is displayed within the parenthesis below. You
can also control the slew rate by entering a value in the elapsed time field — the
corresponding slew rate will be automatically calculated.

Vth — the output channel must drop below this threshold value (including hysteresis, below)
before it is considered overloaded. The value may be entered either as a value or a
percentage of the channel reference Voltage.

Vth Hysteresis — this value allows you to program a “window” around the threshold to
account for any noise in the signal. If you program the hysteresis value using a percentage
(e.g., “1.0 %”), the value is the percentage of the Vth value, not the channel reference.
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Event Width — when the output channel has stayed below the Vth and hysteresis for this
amount of time the channel is overloaded. If the channel “bounces” above the hysteresis
window before the event width has expired the channel is not overloaded. The
measurements will be referenced to this time.

Measurement Offset — use this value to have the routine report values offset from the event
time. A negative value will go back through the aperture and report values before the Event
window; a positive value will go forward through the aperture and report values after the
Event window.

Measurements — the test returns the power measured at the beginning of the event window
and/or the end of the event window (offset as appropriate).

e Log Power at beginning of event

e Minimum - this is the allowable lower limit of the measured value. Measured values
less than this will cause the measurement to fail. The value may be entered either as a
value or a percentage of channel reference.

e Maximum — this is the allowable upper limit of the measured value. Measured values
greater than this will cause the measurement to fail. The value may be entered either
as a value or a percentage of channel reference.

e Quality Monitor — check this box to enable Quality Monitor data collection.

e Quality Monitor... — press this button to display the Quality Monitor properties.
Please refer to the Quality Monitor reference manual for further details.

e Log Power at end of event

e Minimum — this is the allowable lower limit of the measured value. Measured values
less than this will cause the measurement to fail. The value may be entered either as a
value or a percentage of channel reference.

e Maximum — this is the allowable upper limit of the measured value. Measured values
greater than this will cause the measurement to fail. The value may be entered either
as a value or a percentage of channel reference.

e Quality Monitor — check this box to enable Quality Monitor data collection.

e Quality Monitor... — press this button to display the Quality Monitor properties.
Please refer to the Quality Monitor reference manual for further details.

e Delay before test — the amount of time you allow the UUT to settle before beginning the
procedure. Note that this delay happens once at the beginning of the routine.

e Create a waveform image of the capture — check this box to have the test generate an
image of the over-power and log it as part of the test data. Press the “Configure” button
to customize the waveform image. If this box is cleared no image will be created.

e Configure — Press this button to customize the waveform image. See the following
section.

[
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18.4 Total Power Measurements Properties

The final tab allows you to datalog the sum of all the individual power measurements as a “total”
power. You can log the sum of the measurements collected at the beginning of the event
windows, the sum of the measurements collected at the end of the event window, or both.

I4 High Precision Over Power. Test Parameters g|

UUT Out 1 l UUT Qut 2 Total Power Measurements l

O Lag sum af Power measurements fram beginning of events

Miniraum: (57.000 4
hdaximurm: [B5.000 WY

[ Cuality Maonitor

o Log sum of Power measurements from end of events
Minirnum:
Maxirmum:

r

Delay before test: [0.000 = [ Create a waveform image of the capture __________________ O K Cancel

e Log sum of Power measurements from beginning of events

e Minimum - this is the allowable lower limit of the measured value. Measured values less
than this will cause the measurement to fail. The value may be entered either as a value
or a percentage of channel reference.

e Maximum — this is the allowable upper limit of the measured value. Measured values
greater than this will cause the measurement to fail. The value may be entered either as a
value or a percentage of channel reference.

e Quality Monitor — check this box to enable Quality Monitor data collection.

e Quality Monitor... — press this button to display the Quality Monitor properties. Please
refer to the Quality Monitor reference manual for further details.

e Log sum of Power measurements from end of events
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e Minimum - this is the allowable lower limit of the measured value. Measured values less
than this will cause the measurement to fail. The value may be entered either as a value
or a percentage of channel reference.

e Maximum — this is the allowable upper limit of the measured value. Measured values
greater than this will cause the measurement to fail. The value may be entered either as a
value or a percentage of channel reference.

e Quality Monitor — check this box to enable Quality Monitor data collection.

e Quality Monitor... — press this button to display the Quality Monitor properties. Please
refer to the Quality Monitor reference manual for further details.

The “Delay before test” and “Create a waveform image of the capture” options are discussed in
the previous section.

18.5 Waveform Properties

YWidlth: {500 Height; 400 Caption:|
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File Specifications
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" Allow me to specity file name and path

Waweform image file name: |

i tnformationfield: | 1=

Cancel |

e Width — specifies the width of the image.
e Height — specifies the height of the image.
e Caption —this text is used to describe the image.

e Acquisition Type — when you select “Normal”, every data point gathered by the
measurement hardware is downloaded and used to generate the image; “Fast” will download
128 data points, gathered evenly from throughout the aperture. Selecting “Fast” does not
affect the quality of the measurements.

e File Specifications — These selection buttons determine whether the image file generated
during this test is managed automatically or if you will choose the file and path.
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e Automatically control the file specifications for datalogging (recommended) — this
selection determines whether the image file generated during this test is managed
automatically.

e Allow me to specify file name and path — choose this option if you want to manually
select the filename and path for the image file.

e Waveform image file name — if you chose to manually control the filename enter the
specification here.

e Modify file name with Test Information field — When enabled, a field from the Test
Information Entry form will be appended to the user entered file name. The Test
Information Entry form appears before running the test on each UUT and is typically
filled in by the test operator. Appending an information field provides a method of
tracking specific waveform images to a particular UUT serial number or test pass. The
number selection box determines which of the input fields from the Test Information
Entry form will be appended to the file name.

18.6 Sequence

The load, source, digital and analog vectors defined by the program are applied to the tester
hardware before the test routine sequence is initiated.

1) Delay before beginning the test
2) For each output in use:

a) Set starting current. This value slews at the rate specified in the vector applied before the
test program starts.

b) Program the slew rate and measurement aperture

c) Program the load to perform a triggered set to the ending current and a triggered
measurement

3) Issue a system trigger and wait until the loads have finished capturing data
4) Fetch the measurements and waveform data, if applicable

5) Datalog the results

6) Check for faults and log them as necessary

[
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19. OVER VOLTAGE (HIGH PRECISION) TEST

19.1 Description

The High Precision Over Voltage test routine provides the user with a choice of four different
methods to test the over-voltage protection circuitry of the UUT. The methods include a
Crowbar test, a Latching test, an Input Current test and a Digital State test. Each method (except
the Latching) slews an OVPS at a controlled rate of change to determine the over-voltage point
of the selected UUT output. The resolution of the reported voltage is based on the sample rate of
the load connected to the output channel, not a coarse step size as reported in a ramping routine.
The Latching method emulates a ramping routine where the OVPS is returned to zero volts
between each voltage step. An optional waveform image can be datalogged.

NOTE: This routine requires that a Model 4200 or 4700 Series DC Load be connected to each
output under test, and that a Model 6100 Series DC Source be used as the OVPS.

19.2 Method

As the test differs slightly for each method, they will be discussed individually in the following
sections.

19.2.1 Crowbar Method

Use this method if your UUT will crowbar the output when the over-voltage condition occurs,
collapsing the OVPS voltage as well as the UUT output.

A starting voltage value is programmed to the OVPS and the OVPS relay of the selected output
is closed. The OVPS is then programmed to slew to the ending voltage value when the system
trigger is issued. While the source is slewing, the output voltage is monitored for the overload

point.

The overload point is defined as being the time when the output voltage is pulled below the
voltage threshold level. You can define a hysteresis value around the voltage threshold and
specify that the output must remain below this threshold window for a minimum amount of time
(called the “event width™). Using the combination of hysteresis and event width you can account
for any noise or “hiccup” in the output voltage and discover the true overload point.

Once the slew has completed, the load is queried for the maximum voltage detected and that
value is datalogged. You'll get an error message if the voltage doesn't drop below the threshold
for the “event” time within the slew time.

19.2.2 Latching Method

Use this method if your UUT will latch off when the over-voltage condition occurs.

A starting voltage value is programmed to the OVPS and the OVPS relay of the selected output
is closed. The OVPS is then programmed to step to the ending voltage value when the system
trigger is issued. After each step, the voltage returns to zero volts to determine if the output
latched off. The number of steps, and the amount of delay at each step is programmable.
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The overload point is defined as being the last OVPS voltage programmed before the output
voltage dropped below the Voltage threshold level. You can define a hysteresis value around the
Voltage threshold and specify that the output voltage must remain below this threshold window
for a minimum amount of time (called the “event width™). Using the combination of hysteresis
and event width you can account for any noise or “hiccup” in the output voltage and discover the
true overload point.

19.2.3 Input Current Drop Method

Use this method to measure the over-voltage condition by detecting a drop in the Input current
draw of the UUT.

A starting voltage value is programmed to the OVPS and the OVPS relay of the selected output
is closed. The OVPS is then programmed to slew to the ending voltage value when the system
trigger is issued. While the source is slewing, the input current is monitored for the overload
point.

The overload point is defined as being the OVPS voltage during the time when the input current
drops below the Current threshold level. You can define a hysteresis value around the Current
threshold and specify that the input current must remain below this threshold window for a
minimum amount of time (called the “event width”). Using the combination of hysteresis and
event width you can account for any noise or “hiccup” in the input current and discover the true
overload point.

Once the slew has completed, the source is queried for the time that the Current drop occurred,
the corresponding OVPS voltage determined and that value is datalogged. If you defined an
event width greater than zero you can also datalog the voltage that occurred at the end of the
event window.

If desired, you can also have the OVPS return overload values offset in time from when the event
was detected. For example, if your UUT shuts off 10mS after detecting the overload, you can
enter a -10mS “measurement offset” and instruct the OVPS to return the voltage values in effect
10mS before the detected event.

19.2.4 DIN State Change Method

Use this method to measure the over-voltage condition by detecting a change in state of a digital
signal connected to the UUT. For example, if your UUT provides a “power good” signal, and
this signal deactivates when the UUT is overloaded, you can use this method to detect the
condition.

A starting voltage value is programmed to the OVPS and the OVPS relay of the selected output
is closed. The OVPS is then programmed to slew to the ending voltage value when the system
trigger is issued. While the source is slewing, the assigned Digital Input (DIN) is monitored for
the overload point. The overload point is defined as the DIN changing state from low to high, or
high to low, as desired. Once the slew has completed, the DIN is queried for the time that the
state change occurred, the corresponding OVPS voltage determined and that value is datalogged.

If desired, you can also have the OVPS return overload values offset in time from when the event
was detected. For example, if the DIN changes state 10mS after detecting the overload, you can
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enter a -10mS “measurement offset” and instruct the OVPS to return the voltage values in effect
10mS before the detected event.

19.3 Test Routine Properties

I 4 High Precision Over Voltage Test Parameters g|

Setup T Weasurements

Channel: |UUT Out 1 ﬂ Over Yoltage Power Supply: |OVPS ﬂ

Select the desired Over Voltage procedure to execute...

Crowbar Latching Input Current Drop DIN State Change

. When the OV The input current A, digital bit wil
e The ULT will (" accurs the UUT will ¢ will drap when the (~ thange state when
crowhbar the channel latch off UUT protects itself the UUT protects
itself

Yetify collaspe _
[ using this channel: Number of Steps: r:‘ J | J

[UUT Out 1 ~||  Step Delay: A

Delay befare test: [0.000 5 [ Create a waveform image of the capture Ok | Cancel ‘

e Channel — the Over Voltage test will be performed on this channel. The channel must have a
Model 42xx DC Load connected to it.

e Over Voltage Power Supply — the source that will be connected to the Channel during the
test. The source must be a Model 61xx DC Source.

e Select the desired method. Each selection has special properties:
e Crowbar

o Verify collapse using this channel — check this box to redirect the measurements to
the channel selected in the dropdown list. This is useful when you have a secondary
output channel that will collapse in response to the over-voltage condition while the
output you are physically testing does not (due to the fact that the OVPS is physically
connected).

e Latching

[
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e Number of Steps — the number of voltage steps between the Starting voltage and the
Ending voltage. The OVPS will be set to zero volts between each of these steps.

e Step Delay — the amount of time the OVPS will dwell at each programmed step,
including the zero-volt steps.

e Input Current Drop

e Choose the Input source to monitor for the current drop from the dropdown list.
e DIN State Change

e Choose the DIN to monitor for the state change from the dropdown list.

e Press the toggle button to choose either a rising or falling state change.

e Delay before test — the amount of time you allow the UUT to settle before beginning the
procedure. Note that this delay happens once at the beginning of the routine.

o Create a waveform image of the capture — check this box to have the test generate an image
of the over-voltage and log it as part of the test data. Press the “Configure” button to
customize the waveform image. If this box is cleared no image will be created.

e Configure — Press this button to customize the waveform image. See “Waveform Properties”
for more details.

[
96 of 239 rerar€



emPower ® TEST ROUTINE REFERENCE MANUAL

19.4 Crowbar Properties

If you selected the “Crowbar” method, you will see the following screen when the
“Measurements” tab is pressed:

4 High Precision Over Voltage Test Parameters B|
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Delay hefore test: |0.000 S [ Create a waveform image of the capture oK Cancel

e Starting Voltage — the OVPS will slew from this value to the Ending Voltage value. The
value may be entered either as a value or a percentage of the channel reference voltage.

e Ending Voltage — the OVPS will slew from the Starting VVoltage value to this value. The
value may be entered either as a value or a percentage of the channel reference voltage.

e Slew Rate — the rate at which the OVPS will change from the Starting to the Ending value.
The amount of time required to make this change is displayed within the parenthesis below.
You can also control the slew rate by entering a value in the elapsed time field — the
corresponding slew rate will be automatically calculated.

e Vth —the output channel voltage must drop below this threshold value (including hysteresis,
below) before it is considered overloaded. The value may be entered either as a value or a
percentage of the channel reference Voltage.

e Vth Hysteresis — this value allows you to program a “window” around the threshold to
account for any noise in the signal. If you program the hysteresis value using a percentage
(e.g., “1.0 %”), the value is the percentage of the Vth value, not the channel reference.
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Log Peak Voltage — this test logs the peak voltage detected during the slew. Check this box
to enable execution and logging of the test results.

Minimum - this is the allowable lower limit of the measured value. Measured values less
than this will cause the measurement to fail. The value may be entered either as a value
or a percentage of channel reference.

Maximum — this is the allowable upper limit of the measured value. Measured values
greater than this will cause the measurement to fail. The value may be entered either as a
value or a percentage of channel reference.

Quality Monitor — check this box to enable Quality Monitor data collection.

Quality Monitor... — press this button to display the Quality Monitor properties. Please
refer to the Quality Monitor reference manual for further details.

19.5 Latching Properties

If you selected the “Latching” method, you will see the following screen when the
“Measurements” tab is pressed (Note: the number of steps is representative of the capabilities of
the routine and will not necessarily match the number you programmed):

1 4 High Precision Over Voltage Test Parameters B|
Setup T Measurements
Ending ‘Voltage
o |150% v 7500y
=
Lo,
ST,
Starting Voltage o [ ]
0
100% W |5.DDD W — e

‘\ n ™

E—H H— “th Hysteresis
__________ I I I 2

P G Sy SN —— | | - |D.DDDV |1D_DDDV
__________ 2 B 8 B 08 | e
0% W
500 Measurements
(0 [ Lag Valtage when latched
Minimurn: [120% W B.000 Y
= Channel Yolttage (%) ME |130% ¥ F"SDD W
= OYPS Yoltage (W)
[ Cwality Monitor
Delay before test: |0.000 5 [ Create a waveform image of the capture Ok ‘ Cancel |

Starting Voltage — the OVPS will slew from this value to the Ending Voltage value. The
value may be entered either as a value or a percentage of the channel reference voltage.

98 of 239

SNTEIC




emPower ® TEST ROUTINE REFERENCE MANUAL

e Ending Voltage — the OVPS will slew from the Starting Voltage value to this value. The
value may be entered either as a value or a percentage of the channel reference voltage.

e Vth —the output channel voltage must drop below this threshold value (including hysteresis,
below) before it is considered overloaded. The value may be entered either as a value or a
percentage of the channel reference Voltage.

e Vth Hysteresis — this value allows you to program a “window” around the threshold to
account for any noise in the signal. If you program the hysteresis value using a percentage
(e.g., “1.0 %”), the value is the percentage of the Vth value, not the channel reference.

e Log Voltage when latched- this test logs the last voltage programmed before the output
latched off. Check this box to enable execution and logging of the test results.

e Minimum — this is the allowable lower limit of the measured value. Measured values less
than this will cause the measurement to fail. The value may be entered either as a value
or a percentage of channel reference.

e Maximum — this is the allowable upper limit of the measured value. Measured values
greater than this will cause the measurement to fail. The value may be entered either as a
value or a percentage of channel reference.

e Quality Monitor — check this box to enable Quality Monitor data collection.

e Quality Monitor... — press this button to display the Quality Monitor properties. Please
refer to the Quality Monitor reference manual for further details.
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19.6 Input Current Drop Properties

If you selected the “Input Current Drop” method, you will see the following screen when the

“Measurements” tab is pressed:

4 High Precision Over Voltage Test Parameters

X

Setup

[

Measurement Offset

0.000 5

/ Slew Rats
25.000 uvips
{Mo0ooooo ms )

|5_DDD W

Starting Yaltage
|100%

. = Voltage ()
= Current (A

®

=

£ 1
Event 'Width

0.000 5

\

Measurements

Ending Woltage

m e |150% W F.snn ]

Ath Hysteresis

4
— |D.DDD A

g ]

Measurements

|iD.DDD A

v Loy Voltage at beginning of event
Minimurn: [120% W B.000 Y

Masimurm: |13n% W ra.suu W

[ Cwality Monitar

2 [ Log Valtage at end of event

Minimurm: | |

Maxirmum: | |

F |

Delay hefore test: |0.000 S [ Create a waveform image of the capture

[a]34 ‘ Cancel

Starting Voltage — the OVPS will slew from this value to the Ending Voltage value. The

value may be entered either as a value or a percentage of the channel reference voltage.

Ending Voltage — the OVPS will slew from the Starting VVoltage value to this value. The

value may be entered either as a value or a percentage of the channel reference voltage.

Slew Rate — the rate at which the OVPS will change from the Starting to the Ending value.

The amount of time required to make this change is displayed within the parenthesis below.
You can also control the slew rate by entering a value in the elapsed time field — the
corresponding slew rate will be automatically calculated.

Ath — the input current must drop below this threshold value (including hysteresis, below)

before it is considered overloaded. The value may be entered either as a value or a
percentage of the input channel reference Current.

Ath Hysteresis — this value allows you to program a “window” around the threshold to

account for any noise in the signal. If you program the hysteresis value using a percentage
(e.g., “1.0 %”), the value is the percentage of the Ath value, not the channel reference.
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Event Width — when the output channel has stayed below the Ath and hysteresis for this
amount of time the channel is overloaded. If the channel “bounces” above the hysteresis
window before the event width has expired the channel is not overloaded. The
measurements will be referenced to this time.

Measurement Offset — use this value to have the routine report values offset from the event
time. A negative value will go back through the aperture and report values before the Event
window; a positive value will go forward through the aperture and report values after the
Event window.

Measurements — the test returns the voltage measured at the beginning of the event window
and/or the end of the event window (offset as appropriate).

e Log Voltage at beginning of event

Minimum — this is the allowable lower limit of the measured value. Measured values
less than this will cause the measurement to fail. The value may be entered either as a
value or a percentage of channel reference.

Maximum — this is the allowable upper limit of the measured value. Measured values
greater than this will cause the measurement to fail. The value may be entered either
as a value or a percentage of channel reference.

Quality Monitor — check this box to enable Quality Monitor data collection.

Quality Monitor... — press this button to display the Quality Monitor properties.
Please refer to the Quality Monitor reference manual for further details.

e Log Voltage at end of event

Minimum - this is the allowable lower limit of the measured value. Measured values
less than this will cause the measurement to fail. The value may be entered either as a
value or a percentage of channel reference.

Maximum — this is the allowable upper limit of the measured value. Measured values
greater than this will cause the measurement to fail. The value may be entered either
as a value or a percentage of channel reference.

Quality Monitor — check this box to enable Quality Monitor data collection.

Quality Monitor... — press this button to display the Quality Monitor properties.
Please refer to the Quality Monitor reference manual for further details.

[
rerar€ 101 of 239



emPower © TEST ROUTINE REFERENCE MANUAL

19.7 DIN State Change Properties

If you selected the “DIN State Change” method, you will see the following screen when the
“Measurements” tab is pressed:

4 High Precision Over Voltage Test Parameters

X

Setup T Measurements
Measurement Offset
( :I 0.000 5 Ending Woltage
100.00000 mS
Starting Yoltage Slew Rate ™ m /|150% W V.EDD W
|1DD% W |25.DEID uwips g 1 ’_.—-
000 v ———— ; :
i
XXXXXXXXXXXXXXXXXXXXXXXX\/KXKXXXX
Ii(x)(’I()(’I()(x)(x)(’I:)(’I()(x)(x)(x)(’I()(x)(x)(x)(’I:)(’I()(x)(x)(’lc)(’lc)(x)(,l )(x)(x)( / \)(x)(x)(‘)(x)(x)(x)(x)
Measurements
ONr Log Woltage at transition
Minimurn: |120% W F.DDD W
Masimurm: |13n% W ra.suu W
[ Cwality Monitar
DM Transition
. = Voltage ()
=DM
Delay hefore test: |0.000 S [ Create a waveform image of the capture oK Cancel

e Starting Voltage — the OVPS will slew from this value to the Ending Voltage value. The
value may be entered either as a value or a percentage of the channel reference voltage.

e Ending Voltage — the OVPS will slew from the Starting VVoltage value to this value. The
value may be entered either as a value or a percentage of the channel reference voltage.

e Slew Rate — the rate at which the OVPS will change from the Starting to the Ending value.
The amount of time required to make this change is displayed within the parenthesis below.

You can also control the slew rate by entering a value in the elapsed time field — the
corresponding slew rate will be automatically calculated.

e Measurement Offset — use this value to have the routine report values offset from the event
time. A negative value will go back through the aperture and report values before the Event

window; a positive value will go forward through the aperture and report values after the
Event window.

e Log Voltage at transition— this test logs the voltage detected when the DIN state changes.
Check this box to enable execution and logging of the test results.
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e Minimum - this is the allowable lower limit of the measured value. Measured values less
than this will cause the measurement to fail. The value may be entered either as a value
or a percentage of channel reference.

e Maximum — this is the allowable upper limit of the measured value. Measured values
greater than this will cause the measurement to fail. The value may be entered either as a
value or a percentage of channel reference.

e Quality Monitor — check this box to enable Quality Monitor data collection.

e Quality Monitor... — press this button to display the Quality Monitor properties. Please
refer to the Quality Monitor reference manual for further details.

19.8 Waveform Properties

YWidlth: {500 Height; 400 Caption:|

Acouisition Type

" Mormal - the maximum amount of data is collected
@ Fast-arepresentative subset ofthe datais collectad
File Specifications

® Automatically control the file specifications for datalogging (recommended)

" Allow me to specity file name and path

Waweform image file name: |

i tnformationfield: | 1=

Cancel |

e Width — specifies the width of the image.
e Height — specifies the height of the image.
e Caption —this text is used to describe the image.

e Acquisition Type — when you select “Normal”, every data point gathered by the
measurement hardware is downloaded and used to generate the image; “Fast” will download
128 data points, gathered evenly from throughout the aperture. Selecting “Fast” does not
affect the quality of the measurements.

e File Specifications — These selection buttons determine whether the image file generated
during this test is managed automatically or if you will choose the file and path.

e Automatically control the file specifications for datalogging (recommended) — this
selection determines whether the image file generated during this test is managed
automatically.

| VvV /& ] ]
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e Allow me to specify file name and path — choose this option if you want to manually
select the filename and path for the image file.

e Waveform image file name — if you chose to manually control the filename enter the
specification here.

e Modify file name with Test Information field — When enabled, a field from the Test
Information Entry form will be appended to the user entered file name. The Test
Information Entry form appears before running the test on each UUT and is typically
filled in by the test operator. Appending an information field provides a method of
tracking specific waveform images to a particular UUT serial number or test pass. The
number selection box determines which of the input fields from the Test Information
Entry form will be appended to the file name.

19.9 Sequence

The load, source, digital and analog vectors defined by the program are applied to the tester
hardware before the test routine sequence is initiated.

1) Delay before beginning the test

2) Set starting current. This value slews at the rate specified in the vector applied before the test
program starts. Close the OV relay on the selected channel.

3) For the latching method, program a macro to step the OVPS from the Starting to the Ending
values, with a zero-volt stage after each step. For the other methods program the OVPS slew
rate.

4) lIssue a system trigger and wait until the devices have finished capturing data
5) Fetch the measurements and waveform data, if applicable

6) Open the OV relay and turn the OVPS off

7) Datalog the results

8) Check for faults and log them as necessary

[
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20. PROMPT TEST

20.1 Description

The prompt test is a multi-page user-interactive dialog that may be used to provide instructional
information to and/or gather test result data from the operator. Each page may contain textual
instructions and/or an image and up to four command buttons for user interaction. The entire
dialog may be setup like a “wizard”, allowing the user to step back and forth through the pages.

20.2 Method

Each prompt page may contain from one to four command buttons. The action performed by the
routine depends upon which button the user presses. A “cancel” and “finish” button are provided
to close the dialog and return the corresponding status, allowing conditional branching to take
place. “Next” and “previous” buttons allow the user to increment and decrement through the
pages of the dialog. An optional timeout field allows the dialog to cycle through the pages
automatically; the user may pause this action at any time by pressing the pause button.

20.3 Example

Let’s say that at the midway point of our test program we require the operator to perform the
manual procedure of resetting the UUT. Since the caption text of each of the four buttons is
programmable, the “finish” button could be set to “OK”, the *“cancel” button to “Abort”, the
“next” button could read “Details...” and the “previous” button could be hidden. The first few
times the operator performs the task step-by-step detailed instructions may be used to walk
him/her through the procedure. However, once the operator has performed this action a few
times, the detailed instructions may become burdensome. Providing the “OK” button allows the
operator to perform the task from memory without having to cycle manually through the dialog
pages.

4 Operator Prompt B

Reset the UUT
Press "Details..."” for instructions

[
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20.4 Test Routine Properties

¥ User Prompt Input Test Parameters

[Title Bar Text [Operator Prompt

[mage File  |C\WHRUmages\Customer Service jpg

Prompt Text

Resetthe UUT
Press "Details..." for instructions

Operator Data Entry
Enable operator | opq ‘
data entry

[~ hdin &
Cancel Button Prey Button MEXT Buttan Finish Buttan
|apart | |Details... ok
- - " Default Buttonfe
window Size |normal v Timeout jons
‘ ‘ New Page ‘ ‘

Test Now Ok Cancel ‘

Title Bar Text — this text string is displayed in the window title bar of all prompt pages.

Image File — this is the path to the image file that will be included in the active prompt page.
Press the ellipsis button (“...”) to browse for the desired image. The Image Preview area
displays the image if it can be located. The image file is optional; a smaller prompt dialog
will be displayed at run time if no image is provided.

Prompt Text — this is the text that will be included in the active prompt page. The dialog will
add scroll bars automatically if necessary. The prompt text is optional; a smaller prompt
dialog will be displayed at run time if no text is provided.

Enable operator data entry — when this box is selected, and additional area of the prompt is
displayed where the operator can enter a value. This is useful in situations where a
measurement is performed by an instrument not controlled by the test system (such as a
hand-held meter) but the measurement needs to be validated and datalogged.

Label — additional text field for operator instructions concerning the data entry requirement

Test as Value — select this box to test the value entered by the operator against the Min and
Max fields. In this case, the data entered will be translated into a numeric form for
datalogging. If the box remains unchecked, the data will be logged exactly as entered by the
operator (no translation), however, no pass/fail determination will be made.

Min — this is the allowable lower limit of the operator-entered value. Values less than this
will cause the test routine to fail.
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e Max — this is the allowable upper limit of the operator-entered value. Values greater than
this will cause the test routine to fail.

e Cancel Button — the text entered here will be displayed on the face of the “cancel” button. If
the user presses this button the prompt dialog is closed and a failure status is returned. Clear
the text area to hide this button.

e Prev Button - the text entered here will be displayed on the face of the “previous” button. If
the user presses this button the prompt routine displays the previous page in the dialog list.
Clear the text area to hide this button.

e Next Button - the text entered here will be displayed on the face of the “next” button. If the
user presses this button the prompt routine advances to the next page in the dialog list. Clear
the text area to hide this button.

e Finish Button — the text entered here will be displayed on the face of the “finish” button. If
the user presses this button the prompt dialog is closed and a passing status is returned. Clear
the text area to hide this button.

e Default Button — set the default button by making the appropriate selection under the desired
button field. This is the button that will be “pressed” when the user presses the Enter key.
The action performed is that of the corresponding button.

e Window Size - this is the initial display size of the prompt.

e Timeout — the prompt dialog will automatically perform the Default Button action after the
timeout period has elapsed. A setting of zero disables this feature.

e Previous Page — press this button to make the previous dialog page in the dialog list the
active page for editing.

e Next Page — press this button to make the next dialog page in the dialog list the active page
for editing.

e New Page — press this button to add a new page to your prompt dialog. There is no limit to
the number of pages you may have in your prompt dialog.

o Delete Page — press this button to remove the active page from the prompt dialog page list.

e Test Now — pressing this button allows you to preview how the prompt dialog will perform at
run time. You can resize the prompt here to control its runtime size. Note: Only one dialog
size is stored regardless of the number of pages in the prompt.

20.5 Sequence

The load, source, digital and analog vectors defined by the program are applied to the tester
hardware before the test routine sequence is initiated.

1) Set prompt dialog size
2) For each active page:
a) Load the prompt text
b) Load the image
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c) Set button captions and show or hide as necessary
d) Start the page timer if necessary
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21. RAMP (GENERAL PURPOSE) TEST

21.1 Description

The general purpose Ramp test routine provides the user with a very flexible method to ramp any
load or source parameter while monitoring any DMM-type or DIN measurement. This test can
be configured to perform a UUT ramp up test, over-current, over-voltage or over-power test, an
output linearity test, etc.

21.2 Method

The ramp is defined by entering the desired values into the Ramp Parameters fields. For each
ramp step, the measurement defined by the Measurement Parameters fields is taken.

The combination of stepping the ramp and taking a measurement is performed until the ramp is
stopped. You can choose to stop the ramp if the measurement passes, if the measurement fails,
or you may continue ramping through all ramp steps.

Once the ramp has been stopped, the results are datalogged according to the selections in the
Datalog Parameters fields.

21.3 Test Routine Properties

The test routine properties are split into three categories: Ramp, Measurement and Datalog
parameters.

21.3.1 Ramp Parameters

! General Purpose Ramp Test Parameters

Ramp Parameters T Measurement Parameters T Datalog Parameters
Channel to ramp: |DVF'5 j General Purpose Ramp Instructions
Ramp FParameter: |V:}Itsge j Step 1:
- Define the ramp by entering the desired values into
. F b
Ramp Start: |5.000 v | 5000V the Ramp Parameters fields.
Ramp End: |7.500 v [ 7500V
Step 2:
Mumber of Steps: |10 | 250000 mv For each ramp step, the measurement defined by the
Step Deley: [10.000 ms [ 10.000 ms Measurement Farameters fields is taken.
v When logging the ramp parameter, use this The combination of stepping the ramp and taking a
measurement instead of the “set” value measurement is performed until the ramp is stopped.
Channel: |U,_,T out 1 j You can choose to stop the ramp if the measurement
passes, ifthe measurement fails, or you may cantinue
AEEENSIETE |DMM DoV j ramping through all ramp steps.
Measurement Range: 5.000 W 2000 W
| | Step 3
Once the ramp has been stopped, the resulis are
[\ Activate OV Relsy |UUT Out 1 | datalogged according to the selections in the Datalog
[ Latching Overvoltage testmode [ Parameters fields.
Ok Cancel

[
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e Channel to ramp — the load or source channel to ramp.

e Ramp Parameter — the parameter of the channel to ramp. Selections include voltage, current,
frequency, etc.

e Ramp Start — the initial value of the ramp parameter.
e Ramp End - the final value of the ramp parameter.

e Number of Steps — the number of steps to take when ramping from the start value to the end
value. This also indicates the number of measurements taken during the test.

e Step Delay — this delay will be applied between each of the voltage steps.

e When logging the ramp parameter, use this measurement instead of the “set” value — check
this box to measure the “set” value and log this measurement instead of the programmed
value when choosing the “Ramp Value” or “Previous Ramp Value” datalog options.

e Channel —the load or source channel to measure.

e Measurement — the measurement vector that will be used to take the measurement. Note
that this must be a DMM-type measurement vector.

e Measurement Range — this is the maximum expected measured value. The value may be
entered either as a value or a percentage of channel reference. The appropriate reference
is automatically selected based on the measurement vector entry. In the example above,
the “UUT Out 1” Reference Voltage value will be used.

e Activate OV Relay — checking this box will instruct the load channel selected in the
dropdown list to close its overvoltage relay during the ramp.

e Latching Overvoltage test mode — if checked, the algorithm will open the OV relay and take
a measurement at each test step.

e Keep relay closed — when running a latching overvoltage test (above), the test system will
simulate the relay opening by setting the ramp parameter to near zero before taking the
measurement at each step. Restoring the ramp parameter to the next value in the sequence
simulates closing the relay.
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21.3.2 Measurement Parameters

# General Purpose Ramp Test Parameters B]

Datalog Parameters

Ramp Parameters T Measurement Parameters T

Delay before reading: |U.UUU = | 0.000 =

® Use a measurement vectar

Weasurernent Wectar Cantrol

™ Test using the following range:

Measurement: |Chn Dy ﬂ
Measurement Channel: |UUT Cut 1 ﬂ
Measurement Range: |1 10% | 5500 v

Minimum alue: |D.DUD W | 0.000

Maximum Yalue: |1D% 4

" Test using change from initial measurement:

| 500.000

Delta “alue: | |

[ Test as absolute value

" Use a DIN measurement

DIM to Measure: |

L L

DIM to Measure (B): |
Threshald:
i

=

After the measurement is taken, perform the following action:

[f rmeasurement passes: |Stnp Ramp and Yalidate ﬂ

If measurement fails: |Cnntinue Ramping ﬂ

Cancel

e Use a measurement vector — select this option if the measurement you wish to take at each

ramp step is a DMM-type measurement.

Measurement — the measurement vector that will be used to take the measurement. Note
that this must be a DMM-type measurement vector.

Measurement Channel — the load or source channel to measure.

Measurement Range — this is the maximum expected measured value. The value may be
entered either as a value or a percentage of channel reference. The appropriate reference
is automatically selected based on the measurement vector entry. In the example above,
the “UUT Out 1” Reference Voltage value will be used.

Test using the following range — check this box to enable the Minimum and Maximum
Value entry fields. The measured value will be compared against the provided minimum
and maximum values.

e Minimum Value - this is the allowable lower limit of the measured value. Measured
values less than this will cause the measurement to fail. The value may be entered
either as a value or a percentage of channel reference.

e Maximum Value - this is the allowable upper limit of the measured value. Measured
values greater than this will cause the measurement to fail. The value may be entered
either as a value or a percentage of channel reference.

Test using changes from initial value — check this box to enable the Delta VValue field.
The measured value will be compared against the provided delta value.
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e Delta Value - this value is subtracted from an initial measurement to determine the
minimum value, and added to that initial measurement to determine the maximum
value. Measured values outside this delta window will cause the measurement to faill.
The value may be entered either as a value or a percentage of channel reference.

e Test as absolute value — check this box to use the absolute value of the measurement for
pass/fail evaluation and UUT communication reference.

e Use a DIN measurement — select this option if the measurement you wish to take at each
ramp step is a DIN measurement.

e DIN to Measure — select the DIN you wish to monitor from the provided dropdown list.
If the program is running in multi-fixture mode, a second dropdown list is provided to
select the desired DIN for fixture “B”.

e Threshold — the voltage value used to determine the state of the digital. The digital is
considered “High” if its voltage value is greater than this threshold value, “Low” if its
voltage value is less than this threshold.

e Pass when Low — indicates that the measurement passes when the DIN is low.

e Pass when High — indicates that the measurement passes when the DIN is high.

At each step in the ramp loop we evaluate the measurement, using the result to control the loop.
There are four possible actions to take:

1. Continue ramping — this allows the ramp to continue running

2. Stop Ramp and Validate — this exits the ramp and allows the options on the Datalog
Parameters tab to determine pass/fail results

Fail test (stop ramp) — this exits the ramp test, forcing the routine to fail
4. Abort test (stop ramp) — this exits the ramp test without determining a pass/fail result

After the measurement is taken, perform the following action:
e |f measurement passes — the action to perform if the measurement passed.

e |f measurement fails — the action to perform if the measurement failed.
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21.3.3 Datalog Parameters

# General Purpose Ramp Test Parameters B]

Ramp Parameters T Measurement Parameters T Datalog Parameters

Datalog Parameter: |F'revi0us Ramp Value ﬂ — Ensble Quality Moniter on this

measurement

[v walidate datalog parameter using the following values instead of the Ramp Parameter values:

Measurement Minimum Yalue: |5.UUU N | 6.000 %

Measurement Maximum “alue: |?".UUU N | 7.000 %

[ walidate ramp value once ramping stops

Ramp Minimurm Yalue: | |

Ramp Maximum “alue: | |

[w Log a failure if the ramp runs to completion

OK Cancel

Datalog Parameter — select the measurement or ramp value you wish to datalog.

e All Measurements — the measurement from every ramp step will be validated and logged.
This is useful when you expect every measurement to pass, as when you are performing a

linearity test.
e Maximum Measurement — the maximum measured value will be datalogged.
e Measurement — the last measured value when the ramp stopped will be datalogged.
¢ Minimum Measurement — the minimum measured value will be datalogged.

e Previous Measurement — the next to the last measured value when the ramp stopped will
be datalogged.

e Previous Ramp Value — the next to the last programmed ramp value will be logged
(unless the optional measurement is enabled on the “Ramp Parameters” tab).

o Ramp Value - the last programmed ramp value will be logged (unless the optional
measurement is enabled on the “Ramp Parameters” tab).

Collect Quality Monitor data on this measurement — check this box to enable Quality
Monitor data collection. Not available when logging “All Measurements”.

Quality Monitor... — press this button to display the Quality Monitor properties. Please refer

to the Quality Monitor reference manual for further details.

Validate measurement using the following values instead of the Measurement Parameter

values — if this box is checked, the datalog parameter is evaluated using the values entered in

SNTEIC

113 of 239



emPower © TEST ROUTINE REFERENCE MANUAL

the fields below; if the box is cleared, the datalog parameter is evaluated using the same
minimum and maximum values used by the ramp loop control on the Measurement
Parameter tab.

e Measurement Minimum Value — this is the allowable lower limit of the datalog parameter
value. Values less than this will cause the test routine to fail. The value may be entered
either as a value or a percentage of measurement channel reference.

e Measurement Maximum Value — this is the allowable upper limit of the datalog parameter
value. Values greater than this will cause the test routine to fail. The value may be entered
either as a value or a percentage of measurement channel reference.

e Validate ramp once ramping stops — check this box to test the last ramp set value to ensure it
is within an acceptable range.

¢ Ramp Minimum Value — this is the allowable lower limit of the last ramp set value. Values
less than this will cause the test routine to fail. The value may be entered either as a value or
a percentage of the ramp channel reference.

e Ramp Maximum Value - this is the allowable upper limit of the last ramp set value. Values
greater than this will cause the test routine to fail. The value may be entered either as a value
or a percentage of the ramp channel reference.

e Log afailure if the ramp runs to completion — check this box to log an error if you expect the
ramp to stop before reaching the Ramp End value and it doesn’t.
21.4 Sequence

The load, source, digital and analog vectors defined by the program are applied to the tester
hardware before the test routine sequence is initiated.

9) Initialize the ramp:
a) Calculate ramp control parameters
b) If using an OV relay:
1) Activate the relay
i) Set an initial value one step size below the start value
iii) Take and evaluate a measurement to make sure we haven't tripped yet
10) Start the ramp:
a) Take an initial measurement
b) Evaluate results to ensure we haven’t satisfied the ramp before we’ve started

¢) Recalculate minimum and maximum parameters if using changes from an initial value
(delta)

11) For each ramp step:
a) Calculate new set value
b) Take the measurement
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c) Ifin latching Overvoltage test mode:
i) Open the relay or remove the set value
i) Take another measurement
d) Evaluate the results to determine whether to continue ramping
12) Deactivate OV relay if necessary
13) Datalog the results
14) Validate ramp and log results if necessary
15) Check for faults and log them as necessary
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22. REFERENCE CHANGE

22.1 Description

The Reference Change test provides a convenient way to change reference voltages during the
test at run-time. This would allow a particular test or sequence of tests to be combined into a
subroutine and re-used. If test pass/fail parameters are expressed as percentages of reference
voltages, then changing the reference changes those parameters to match a new nominal output.
Thus, for programmable output supplies, changing the reference between program steps allows
the same subroutine to test each new output value.

22.2 Method

Normally, reference voltages are set for a given UUT when Input or Output device Properties are
defined. These reference values are used whenever test parameters are defined in terms of
percentages instead of absolute numbers. To change the references within a test program, insert
the Reference Change test in the program and define the new reference values. Inserting another
Reference Change test and using the Set to Defaults button will return references to those in the
device Properties control panel.

22.3 Test Routine Properties

7 Reference Parameters E

These values define the 100% reference values used if the vector
data is specified in percentages. Changes to these values will
stay in effect until modified by another instance of this routine, or
until the test program is reloaded.

Channel Name: JUUT Out 1 |
Reference Yoltage: |3.3UU W

Reference Current: |1UDUD A

Reference Time: |D.E|DEI 3

Reference Resistance: |33U.UUU mOhms

Reference YWatts: |33.DE|EI Wy

Reference Frequency: |D.E|DE| Hz

Set To Defaults |

Cancel |

e Channel Name — Input or Output Device named in the Input or Output Vector during
program input.

e References — Values normally set in the Input or Output vector using the References tab
of the device Properties panel. These are usually the nominal values for UUT inputs and
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outputs. The values entered here will become the reference used in subsequent tests to
compute pass or fail points based on specified percentage tolerances.

e Set to Defaults — Returns references to values specified in Input or Output device
Properties control panel.
22.4 Sequence

The load, source, digital and analog vectors defined by the program are applied to the tester
hardware before the test routine sequence is initiated.

1) Set the references to those specified in Reference Change test panel
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23. RUN EXTERNAL

23.1 Description
Allows the test program to suspend operation and transfer control to another executable program.

23.2 Method

Choose an external program to run during a test program. Enter a timeout value for the expected
time to finish and return to emPower °. Entering zero lets the program run indefinitely.

Important note: When you select an external program that is either a Dynamic Link Library
(.dll) or a LabVIEW™ Virtual Instrument (.vi), certain calls in the “Action” list (below) will be
made on the selected external program even while you are in the emPower editor. This means
that your external program must be ready to accept the calls before selection is made — at a
minimum the calls must be “stubbed” out. Failure to do so usually results in programming
exceptions that are caught and displayed by the emPower Fault Manager. (Executable files are
only launched from emPower TEST.)

23.3 Test Routine Properties
Run External Test Routine g‘

External type
(@ Executable file
(" Dynamic link library

i LabIEWY™ Virtual Instrurment

Parametars

Path: |C:\F'rc|gram FilegWWWindows MNT\Pinballipinball. exe Browse. ..
Arguments: | [ Append NHR arguments
Tirneout: |U-D':":I 2

r

Call UIProp now. .. Protatype help...

Cancel

e Executable file — Choose this option run an executable file (.exe)

e Dynamic link library — Choose this option to make a call into an external function library
(.dln

e LabVIEW Virtual Instrument — Choose this option to launch LabVIEW and run a virtual
instrument panel (.vi)

| VvV /& ] ]
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Path — a fully qualified path to the external file

Arguments/Function — when the External type is an Executable file or Virtual Instrument
this field is used to construct a string to send to the external file as arguments when
launching. When the External type is a Dynamic link library this field contains a drop-
down list of the functions exported by the library. Choose the desired function from the
list. After entering the desired values try pressing the “Prototype help...” button to
preview the constructed call.

Append NHR arguments — check this box to pass arguments to the external file which
will allow it to 1) modify its behavior based on where in we are in the test program flow,
2) gain access to the running emPower program components and tester hardware, and 3)
store and retrieve data from the loaded test program (.NHRTPL file):

Action (string): a variable defining the action to be performed at a particular step of the
test routine procedure. The “actions” are:

0 UIProp — display the front panel user interface in order to collect the test routine
properties
LoadBlobProp — load the test routine property blob
SaveBlobProp — save the test routine properties in a blob
Go - run the test routine algorithm
CopyBIlobProp — copy the test routine properties into a new blob
DeleteBlobProp — delete the test routine properties from the Blob Manager
QualityMonitor — indicate whether any Quality Monitor data is being collected
when running the algorithm

O 0000 O0o

ProcessID (unsigned integer): a unique value used to obtain access to the emPower
components of the active process and, subsequently, the tester hardware.

Blob Handle (unsigned integer): a unique value used to indicate the storage location of
user-interface data for this routine instance in the active test program. The type of data
stored depends on the purpose of the test routine. For example, if you’re going to make a
single DMM-type measurement on a UUT output, you’ll need the following data:
0 Channel - the name of the Output that will be measured
0 Measurement — the name of the measurement vector used to define the
measurement
0 Minimum - the minimum acceptable value of the measurement
0 Maximum - the maximum acceptable value of the measurement
0 QM Handle — the handle (storage location) of the Quality Monitor setup used for
this measurement

For detailed information on how to use these arguments, see the document “Sample
LabVIEW Test Routine” located in C:\NHR\Custom\LabVIEW

Timeout — if the external file has not finished by this amount of time a timeout error will
be logged and the test program will continue
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Display the Virtual Instrument user interface during test execution — check this box to
have LabVIEW display the user interface associated with the running VI during
execution

Call UIProp now... — this will call the library or virtual instrument with a call constructed
like that described by the “Prototype help...” button with “UlProp” as the Action string.
This allows you to collect any edit-time data required by the external file. Note: this
action is not performed if the External type is “Executable file”.

Prototype help... — press this button to view a sample of how the call to the external file
will be constructed

0 Executable Files: Executable files can be called with optional arguments. In

addition, the standard emPower arguments may be appended to the argument list:

= |ProcessID: The ID of the calling process, passed as an unsigned 32-bit
integer. This may be given to an NHR Object Depot server to obtain
access to emPower objects (loads, sources, etc.) belonging to the process.

= hBlob: A handle to an emPower data storage block, passed as an
unsigned 32-bit integer.

An exit code returned as an unsigned 32-bit integer is interpreted to indicate the
number of failures encountered.

Dynamic Link Library: Calls to dynamic link libraries can be defined to accept
either no arguments, or the standard emPower arguments. The prototype for a

call accepting the standard emPower arguments is:
int32 ProcedureName(CStr sAction, uint32 IProcessiID, uint32 hBlob);

= sAction: A string describing the type of action the test routine is to
perform, such as “Go” or “UlProp” (display a user interface).

= |ProcessID: The ID of the calling process, passed as an unsigned 32-bit
integer. This may be given to an NHR Object Depot server to obtain
access to emPower objects (loads, sources, etc.) belonging to the process.

= hBlob: A handle to an emPower data storage block, passed as an
unsigned 32-bit integer.

The calls return an unsigned 32-bit integer whose meaning varies depending on
the value of “sAction”. Note: calls are made using the standard Windows calling
convention.

LabVIEW Virtual Instrument: The National Instruments LabVIEW development
environment is launched prior to running the selected VI. Calls to VI’s can be
defined to accept either no arguments, or the standard emPower arguments. If
using the arguments, parameters are passed through the VI connector as follows
(3 inputs, 1 output):

= Action: A string describing the type of action the test routine is to
perform, such as “Go” or “UIProp” (display a user interface).
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= ProcessID: The ID of the calling process, passed as an unsigned 32-bit
integer. This may be given to an NHR Object Depot server to obtain
access to emPower objects (loads, sources, etc.) belonging to the process.

= Blob Handle: A handle to an emPower data storage block, passed as an
unsigned 32-bit integer.

= Return Value: The VI returns an unsigned 32-bit integer through this
output connector. The meaning varies depending on the value of
“Action”.

Note: There are no values passed through the VI connector unless emPower
arguments are enabled.
23.4 Sequence

The load, source, digital and analog vectors defined by the program are applied to the tester
hardware before the test routine sequence is initiated.

1) Start Timeout counter

2) Start Executable program

3) If Timeout timer expires before program returns
a. Log error
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24. SHORT CIRCUIT TEST

24.1 Description

This test applies a short circuit to individual UUT outputs to verify that they go into current limit
and that they recover properly after a short circuit condition.

This test routine also contains the ability to communicate to the UUT in order to verify its status
or internal measurement circuitry.

24.2 Method

For each enabled output of the UUT, the test begins by setting an initial output vector, if
specified, and applying the short circuit condition. After the specified short duration, the
measurement is taken. The short is then removed by restoring the output to the operating mode
active before the short was applied, unless instructed to extend through smart readback of the
UUT. Pass or fail status is determined and the result is logged to the datalog devices.

If the Smart Readback option is selected, the measured value is passed to the UUT
communications object as the reference value and the communication test is performed. Again,
pass or fail status is determined and the result is logged to the datalog devices. The short is
removed if it had not been previously removed.

If the UUT requires any user interaction in order to recover from the short circuit condition, such
as manually pressing a reset button or closing a circuit breaker, a message box instructing the
operator when to perform such action is presented. The test routine can also program all source
devices attached to the UUT to zero volts to perform a shutdown recover sequence. An output
recovery vector, recovery time and an input/digital recovery vector can all be programmed to aid
the UUT recovery after the removal of the short.

To prove that the UUT has recovered, another measurement is taken. Again, pass or fail status is
determined and the result is logged to the datalog devices.
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24.3 Test Routine Properties

¥ Short Circuit Test Parameters E|

UUT Qut A ] UUT Qut 2 ]

[w Perfarm tests on thiz channel

Initial Dutput Wectar: |Nu:- Load ﬂ [ Pause for uzerinteraction
Short Curation: |1EI.EIIZIEI mS | 10.000 ms= [ Perfarm Shutdawn Recoveany
hMeasurement: |DI3 Current ﬂ Output Recoweny: |€Nu:-ne> ﬂ
hMeasurement Range: |15C|%Ft | 15.000 A Output Recovery Time: |':|.|:":":| s | 0.000 5
Minimum Walue: |1DD%F& | 10.000 A Input Recoweny: |€Nu:-ne> ﬂ
M aximum Walue: |12|:|%-&- | 12.000 A Input Recovery Time: ||:|.|:||:||:l S | 0.000 S
— Enable Quality Maonitar an this
measurement |w Chedk output after recovany
Smart Readback Options hMeasurement: |I3hn R ﬂ
| Ferfarm smart readback test an thiz channel e RERRE: |11D%U | 5500 Y
|w Extendshortthrough smart readback Minimum Walue: |95%"J | 4750
Communications: UUT Communications j M aimum Yalua: |-1|:|5%1ur | 5260 W
joci? — Enable Quality Monitor on this
measurement

Ok Cancel

e Perform tests on this channel — check this box to perform the short circuit on this channel.

e Initial Output Vector — this output vector is applied before the output is shorted, allowing you
to vary the loading when testing different outputs.

e Short Duration — the amount of time the short circuit should be active before taking the
measurement. Note: the short is applied throughout the measurement cycle.

e Measurement — the measurement vector that will be used to take the measurement while the
short is applied. Note that this must be a DMM-type measurement vector.

e Measurement Range — this is the maximum expected measured value. The value may be
entered either as a value or a percentage of a channel reference. The appropriate reference is
automatically selected based on the measurement vector entry. In the example above, the
“UUT Out 1” Reference Current value will be used.

e Minimum Value - this is the allowable lower limit of the measured value. Measured values
less than this will cause the test routine to fail. The value may be entered either as a value or
a percentage of a channel reference.

e Maximum Value - this is the allowable upper limit of the measured value. Measured values
greater than this will cause the test routine to fail. The value may be entered either as a value
or a percentage of a channel reference.

| VvV /& ] ]
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e Collect Quality Monitor data on this measurement — check this box to enable Quality
Monitor data collection.

e Quality Monitor... — press this button to display the Quality Monitor properties. Please refer
to the Quality Monitor reference manual for further details.

e Perform smart readback test on this channel — check this box to perform the UUT
communication section of the test routine.

e Extend short through smart readback — if this box is checked, the short will not be removed
from the UUT until after the communication test has finished.

e Communications — select the desired UUT communication object from the drop-down list
and press the ellipsis button for communications test parameters. Please refer to the
appropriate UUT communications object reference manual for further details. The edit field
to the left of the ellipsis button reflects the communications string to be sent to the UUT.
The data may be entered here, or in the appropriate field in the UUT communications object.

e Pause for user interaction — checking this box will cause the test routine to display a message
box informing the operator that the test has paused for user interaction.

e Perform Shutdown Recovery — check this box to set all inputs to zero volts to allow the UUT
to recover from the short circuit.

e Output Recovery - this entry specifies the output vector used to allow the UUT to recover
from the short circuit, if necessary.

e Output Recovery Time — this is the amount of time to delay after the short has been removed.
This time is spent even if there was no output recovery performed.

e Input Recovery - this entry specifies the input vector or digital vector used to allow the UUT
to recover from the short circuit, if necessary.

e Input Recovery Time — this is the amount of time to delay after the input recovery vector has
been applied. This time is spent even if there was no input recovery performed.

e Check output after recovery — check this box to perform a measurement intended to prove
that the output recovered once the short has been removed.

e Measurement — the measurement vector that will be used to take the recovery measurement.

o Measurement Range — this is the maximum expected measured value. The value may be
entered either as a value or a percentage of a channel reference. The appropriate reference is
automatically selected based on the measurement vector entry. In the example above, the
“UUT Out 1” Reference Voltage value will be used.

e Minimum Value - this is the allowable lower limit of the measured value. Measured values
less than this will cause the test routine to fail. The value may be entered either as a value or
a percentage of a channel reference.

e Maximum Value - this is the allowable upper limit of the measured value. Measured values
greater than this will cause the test routine to fail. The value may be entered either as a value
or a percentage of a channel reference.
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e Collect Quality Monitor data on this measurement — check this box to enable Quality
Monitor data collection.

e Quality Monitor... — press this button to display the Quality Monitor properties. Please refer
to the Quality Monitor reference manual for further details.

24.4 Sequence

The load, source, digital and analog vectors defined by the program are applied to the tester
hardware before the test routine sequence is initiated.

1) For each UUT output:

a)
b)
c)
d)
e)

f)
9)

h)

i)
)
K)
1)

Set the Initial Output Vector, if applicable
Apply the short circuit

Delay the Short Duration

Perform the measurement

Restore the original output mode unless extending the short through the Smart Readback
test

Evaluate and log the result

If performing the Smart Readback test:

i) Set the ReferenceValue property equal to the measurement
i) Initiate the communication test

iii) Log the result

Restore the original output mode if the short was extended through the Smart Readback
test

Pause for user interaction, if necessary

Send a RESET_VOLTAGE to all input containers if performing Shutdown Recovery
Apply the Output Recovery vector, if necessary

Delay the Output Recovery Time

m) Apply the Input Recovery vector, if necessary

n)
0)

p)

Delay the Input Recovery Time

If checking the output after recovery:

i) Perform the measurement

i) Evaluate and log the result

Check for faults and log them as necessary
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25. SHORT CIRCUIT RECOVERY RAMP TEST

25.1 Description

This test applies a short circuit to a UUT output to verify that it will go into current limit and that
it recovers properly after the short circuit has been removed. The short circuit is performed
repeatedly, increasing or decreasing the value of the recovery condition for each pass through the
loop.

25.2 Method

The test begins by applying the short circuit condition. After the specified short duration, an
optional verification measurement is taken to ensure that the unit collapsed sufficiently. This
verification measurement may be logged to the datalog drivers. The short is then removed by
placing the output in the specified recovery mode (Constant Current, Resistance, VVoltage or
Power) at the setting corresponding to the first ramp value.

If the UUT requires any user interaction in order to recover from the short circuit condition, such
as manually pressing a reset button or closing a circuit breaker, a message box instructing the
operator when to perform such action is presented. The test routine can also program all source
devices attached to the UUT to zero volts to perform a shutdown recover sequence. An output
recovery time and an input/digital recovery vector can be programmed to aid the UUT recovery
after the removal of the short.

To prove that the UUT has recovered, another measurement is taken. Pass or fail status is
determined and the result is logged to the datalog devices.
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25.3 Test Routine Properties

£ Short Circuit Recovery Ramp Test Parameters

Channel: |UUT Tt 1 j [ Pause for User Interaction
Recovery Mode: |E:}n5ts| nt Cument ﬂ
Recovery Starting Value: |D%A | 0.000 A
Recovery Ending Value: |1EIEI% A | 10,000 A | [l
Mumber of Steps: |1E| | 1.000 A [ Step Cutput Recovery Time: |E|.UE|E| =] | 0000 =
Short Circuit Duration: |E|.UE|E| =] | 0000 = Input Recovery: |=:Nnne:=- j
[W Werify Short Circuit Input Recovery Time: |E|.EIEIEI 5 | 0.000 5
Short Circuit Verification Recowery Verification
Measurement: ||::rv1rv1 DCwv ﬂ Measurement: |DM M DCW ﬂ
Measurement Range: |1 10% VW | 5.500 v Measurement Range: |1 10% | 5.500 v
Minimum Valus: |[|_[|[|[|1.,.r | 0.000 v Minimum Value: |U.UDUV | 0.000 v
Maximum Valus: |[|_[|[|[|1.,.r | 0.000 v Maximum Value: |U.UDUV | 0.000 v
[w Cnly log measurement if it fails verificaticn
ok Cancel

e Channel — check this box to perform the short circuit on this channel.
e Recovery Mode — when the short is removed, the load will be set to this mode

e Recovery Starting Value — this is the value that will be combined with the selected Recovery
Mode to determine the initial recovery state when the short circuit is removed.

e Recovery Ending Value - this is the last value that will be combined with the selected
Recovery Mode.

e Number of Steps — determines the number of steps between the Starting and Ending values.

e Short Circuit Duration — the amount of time the short circuit will be active before setting the
recovery mode and value. Note: the short is applied throughout the Short Circuit
Verification measurement cycle if that option is enabled.

e Verify Short Circuit — select this option to perform a measurement to ensure the unit is
shorted. If this option is selected, the following fields will be enabled:

o Measurement — the measurement vector that will be used to take the measurement while
the short is applied. Note that this must be a DMM-type measurement vector.

0 Measurement Range — this is the maximum expected measured value. The value may be
entered either as a value or a percentage of a channel reference. The appropriate
reference is automatically selected based on the measurement vector entry. In the
example above, the “UUT Out 1” Reference Voltage value will be used.
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0 Minimum Value - this is the allowable lower limit of the measured value. Measured
values less than this will cause the test routine to fail. The value may be entered either as
a value or a percentage of a channel reference.

0 Maximum Value - this is the allowable upper limit of the measured value. Measured
values greater than this will cause the test routine to fail. The value may be entered either
as a value or a percentage of a channel reference.

o0 Only log measurement if it fails verification — if this option is selected, the Verification
measurement will not be sent to the datalog unless the validation fails.

e Pause for user interaction — checking this box will cause the test routine to display a message
box informing the operator that the test has paused for user interaction. Use the text box
immediately below to enter instructions that will be displayed within the message box.

e Perform Shutdown Recovery — check this box to set all Inputs to zero volts to allow the UUT
to recover from the short circuit.

e Output Recovery Time — this is the amount of time to delay after the short has been removed.
This time delay occurs after the short circuit has been removed and the recovery state has
been set.

e Input Recovery - this entry specifies the input vector or digital vector used to allow the UUT
to recover from the short circuit, if necessary.

e Input Recovery Time — this is the amount of time to delay after the input recovery vector has
been applied. This time is spent even if there was no Input Recovery performed.

e Recovery Verification — this section allows you to specify a measurement intended to prove
that the output recovered once the short has been removed.

0 Measurement — the measurement vector that will be used to take the recovery
measurement.

0 Measurement Range — this is the maximum expected measured value. The value may be
entered either as a value or a percentage of a channel reference. The appropriate
reference is automatically selected based on the measurement vector entry. In the
example above, the “UUT Out 1” Reference Voltage value will be used.

0 Minimum Value - this is the allowable lower limit of the measured value. Measured
values less than this will cause the test routine to fail. The value may be entered either as
a value or a percentage of a channel reference.

0 Maximum Value - this is the allowable upper limit of the measured value. Measured
values greater than this will cause the test routine to fail. The value may be entered either
as a value or a percentage of a channel reference.

25.4 Sequence

The load, source, digital and analog vectors defined by the program are applied to the tester
hardware before the test routine sequence is initiated.

1) For each step in the ramp:
a) Apply the short circuit
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b) Delay the Short Circuit Duration
c) Perform the Verification Measurement, if selected
d) Evaluate and log the Verification result, if selected
e) Remove the short by setting the Recovery mode and value (as defined by the loop)
f) Pause for user interaction, if necessary
g) Send a RESET_VOLTAGE to all input containers if performing Shutdown Recovery
h) Delay the Output Recovery Time
i) Apply the Input Recovery vector, if necessary
J) Delay the Input Recovery Time
k) Perform the Recovery Verification Measurement
I) Evaluate and log the Recovery Verification result
2) Check for faults and log them as necessary
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26. SPLIT MEASUREMENT TEST

26.1 Description

This test routine provides the user with the ability to take a measurement that spans multiple
emPower ° test steps.

The test is configured using two separate test steps. The first instance defines the measurement
and begins the capture, and the second instance fetches the value and performs the datalog.

26.2 Method

The test begins by starting the measurement defined by the Setup Parameters. Control is then
returned to emPower “ and test steps continue to run as defined by the test program. All test
sequencing is performed as normal. Once the next instance of the Split Measurement test
program is encountered where the “Fetch” option is selected the measured value will be
evaluated and logged.

| ~" Untitled\Untitled - emPower EDIT
Fle Edit Wiew Insert Program Help

= o @y 4| B

program | o | oo | A

Split Measurement |

| P[]

Fatch Measurement

-

[
=
Label Dutput Input Digital| Analog Test Routine Sequer; __'J
1 |Start Split - - - ~ |Split Measurement | .. 3
2 » |Low Ling - - - EJ
3 » (Mom Line = - -
4 - [High Line + - - =
5 - - -
|

g/25/2004 11:01 Aht

This test routine must be executed in pairs — a “Start” followed by a “Fetch”. A failure will be
logged if two sequential “Starts” are encountered, or a “Fetch” without a corresponding “Start”.

WARNING: When you split a measurement between two or more steps, you CANNOT make
any measurements using the same hardware that the split measurement is being captured on in
between the start and fetch. An example would be to start a measurement on a mux input using
the DMS measurement unit and then trying to capture a waveform using the PowerScope (also a
DMS function).
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26.3 Test Routine Properties

The Split Measurement routine has two sets of properties — one for defining the measurement
and another for controlling the datalogging. Select the “Start a measurement” option to begin the
split measurement, or “Fetch the result” to evaluate and log the result from a previous
measurement.

26.3.1 Start a Measurement

14 Split Measurement Test Parameters g|
i@ Start a measurement (" Fetch the result
Setup Parameters Measurement Parameters
Channal: JUUT Out 1 ~ |
heasurement: |F'eak D Woltage ﬂ -
Measurement Range: |'| 10% Y | 5.600 % =
Minimum “alue: |1U5% W | 5.280%
Relative comparison options
Maximurm “alue: |1 0% v | 5.500 %
r
-
r

. OK Cancel

e Channel — the load or source channel to measure.

e Measurement — the measurement vector that will be used to take the measurement while the
split is active. Be sure to specify a measurement aperture large enough to span the time
between the start and fetch of the measurement. Note that this must be a DMM-type
measurement vector.

e Measurement Range — this is the maximum expected measured value. The value may be
entered either as a value or a percentage of channel reference. The appropriate reference is
automatically selected based on the measurement vector entry. In the example above, the
“UUT Out 1” Reference Voltage value will be used.

e Minimum Value - this is the allowable lower limit of the measured value. Measured values
less than this will cause the test routine to fail. The value may be entered either as a value or
a percentage of a channel reference.

e Maximum Value - this is the allowable upper limit of the measured value. Measured values
greater than this will cause the test routine to fail. The value may be entered either as a value
or a percentage of a channel reference.

Note: the Measurement Parameters fields are ignored during this phase of the test routine. It
does not matter what data is contained in these fields.

[
132 of 239 rerar€



emPower ® TEST ROUTINE REFERENCE MANUAL

26.3.2 Fetch the Result

14 Split Measurement Test Parameters BJ
(" Start a measurement i® Fetch the result
Setup Parameters Measurement Parameters
Channel: J [ Test as absolute value
Measurerment; J [ Enable Cluality Monitor on this measurement

[+ Fail test if aperture not large enough for measurement span

Minirmum Yalue:
Relative comparison options

Measurement Range: | |

Maximum “alue:
[ Compare against saved relative values

[ Save measurements for relative comparisons

[ Display results as a delta from the saved values

Cancel

e Test as absolute value — check this box to use the absolute value of the measurement for
pass/fail evaluation.

e Enable Quality Monitor on this measurement — check this box to enable Quality Monitor data
collection.

e Quality Monitor... — press this button to display the Quality Monitor properties. Please refer
to the Quality Monitor reference manual for further details.

o Fail test if aperture not large enough for measurement span — check this box to ensure that
the measurement is still in progress when the fetch request is made. With this option enabled
you can be assured that the measurement device has captured your event. If the measurement
IS not active the aperture may have missed your event and a failure will be logged. Note: not
all measurement hardware supports this feature.

e Compare against saved relative values — check this box to have the routine use a previously
saved value instead of the reference value for measurement comparisons. Note that an error
is logged if a measurement for this channel has not been previously saved. In that case, the
test will continue using the reference value.

e Save measurements for relative comparisons — checking this selection will save the channel’s
measurement for use in subsequent Split Measurement tests.

e Display results as a delta from the saved values — check this box to have the routine display
the results as the difference of the measurement from the previously saved measured value.

Note: the Setup Parameters fields are ignored during this phase of the test routine. It does not
matter what data is contained in these fields.
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26.4 Sequence

The load, source, digital and analog vectors defined by the program are applied to the tester
hardware before the test routine sequence is initiated.

1) If the test option is “Start a measurement”:
a) Begin the measurement
b) Check for faults and log them as necessary
2) If the test option is “Fetch the result”:
a) If “Fail test if aperture not large enough for measurement span” is selected:
i) If the measurement has already completed log a fault
b) Fetch the measurement
c) Evaluate and log the result
d) Check for faults and log them as necessary
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27. TIMESTAMP

27.1 Description

The Timestamp test provides a way to time operations during the test run-time. Maximum and
minimum times can be programmed to determine pass/fail status for UUT operations that must
complete in a definite time period. Timing resolution is in seconds.

27.2 Method

Timestamps are normally used in pairs, bracketing other time-critical test steps. The first
Timestamp is inserted before the operation to be timed with the Set option to clear the timer to
zero. The second Timestamp is used after the operation to be timed with the Test option and the
desired maximum or minimum times specified. If the elapsed time between timestamps was to
long or short, and error is logged. Timestamps can also be used to stamp the current time and
date in the test log, or test for test operation before or after a particular date.

27.3 Test Routine Properties

ﬂ Timestamp

Timestamp Farameters
Options
" Set (@ Test (" Datalog Elapsed Time (" Datalog Current Time
Timestamp 1 ﬂ
Test Criteria
® Llze Elapsed Time " Llze Current Time
Elapsed Time Current Time
® Greater Than 1DEI:EI1 00 (hh:men:ss) J = f 1/23/2003 2:17:32 P J
(" Less Than C
Cancel |

Set — Clears timer to zero

Test — Uses test criteria to determine pass or fail status

Datalog Elapsed Time — Places elapsed time from last Timestamp Set operation in test report
Datalog Current Time — Places current time and date in test report

Use Elapsed Time — Compare timer value from last Timestamp Set operation to limits to
determine pass/fail test status.

Use Current Time — Compare host computer real time clock value to the specified time and date
to determine pass/fail test status.
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27.4 Sequence

The load, source, digital and analog vectors defined by the program are applied to the tester
hardware before the test routine sequence is initiated.

1)

2)

3)

4)

If Set operation
a) Clear Timestamp timer to 0
If Test Operation
a) If Use Elapsed Time
i) Capture Timestamp timer value
i) If Greater Than
(1) Set error if timer value less than specified value
iii) If Less Than
(1) Set error if timer value greater than specified value
b) If Use Current Time
i) Capture Time and Date from host computer Real Time Clock
ii) If Greater Than
(1) Set error if Time and Date less than specified value
iii) If Less Than
(1) Set error if Time and Date greater than specified value
If Datalog Elapsed Time
a) Capture Timestamp timer value
b) Send captured Timestamp timer value to log file
If Datalog Current Time
a) Capture Time and Date from host computer Real Time Clock
b) Send captured Time and Date to log file
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28. TIMING MEASUREMENT TEST

28.1 Description

This test is designed to perform a variety of general timing measurements including turn-on and
hold-up times, rise and fall times, channel-to-channel timing, etc.

28.2 Method

The test begins by preparing the timing measurement device for the desired measurement as
defined by the measurement vector. The Start Vector is applied, and after the Delay before
reading, the timing value is obtained from the timing device. Pass or fail status is determined
and the result is logged to the datalog devices.

28.3 Test Routine Properties

£ Timing Measurement Test Parameters @

leasurement: |Tirning j
Start Wectar: |N-:nm Load j
Start Event Timeout:  [1.000 5
Dalay befare reading: |1I:|.I:IIIIIII mS
[ Display as Frequency
Minimum Walue: |1EI.I:IIIIIII m5
b aximum Walue: |15.I:IIIIIII m5

Enable Quality Monitar on this

measurement

-

e Measurement — the measurement vector that will be used to take the measurement. Note that
this must be a timing-type measurement vector.

e Start Vector — the vector that will initiate the measurement. The dropdown contains an entry
for every Load, Source, Digital and Analog vector in the test program.

e Start Event Timeout — how long the timing device should wait for the start event to occur
before generating a timeout error.

e Delay before reading — the amount of time you allow the timing device to acquire the
measurement before fetching the value.

e Display as Frequency — show the measured value as a frequency instead of a timing

e Minimum Value - this is the allowable lower limit of the measured value. Measured values
less than this will cause the test routine to fail.
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e Maximum Value - this is the allowable upper limit of the measured value. Measured values
greater than this will cause the test routine to fail.

e Collect Quality Monitor data on this measurement — check this box to enable Quality
Monitor data collection.

e Quality Monitor... — press this button to display the Quality Monitor properties. Please refer
to the Quality Monitor reference manual for further details.
28.4 Sequence

The load, source, digital and analog vectors defined by the program are applied to the tester
hardware before the test routine sequence is initiated.

1) Initialize and arm the measurement device
2) Set the start vector

3) Delay before fetching the result

4) Evaluate and log the result

5) Check for faults and log them as necessary
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29. TRANSIENT RESPONSE TEST

29.1 Description

This test routine will check the transient response of the UUT. The output will be subjected to a
current change and voltage undershoot and overshoot will be measured. The output voltage may
also be checked for proper settling after the transient has occurred.

29.2 Method

The undershoot transient is first performed by increasing the output current from the initial value
to the final value. Returning the output current to its initial state performs the overshoot
transient. If the settle test is performed, the output current is again set to the final value and the
output voltage is sampled after the aperture time completes. Before continuing to the next
output, the current is reset to its initial state.

29.3 Test Routine Properties

/ Transient Response Test Parameters g|
UUT Out 4 ] UUT Qut 2 |
[w Perfarm tests on this channal
Transient Measurement: |Transient Fezponse ﬂ
Initial Output Vector: [No Load |
Final Output Vector: |ru13>< Load j [ Step all channels in the wector
Delay befare transient: ||:|.IZIEIIII 5 | 0.000 5
Undershoot Range: 1.4 | 55000 MY Owershoot Range: [1.1% W | £5.000 mY
haximum Undershaot: |'1% W | 50.000 mWf b aximum Owershoot: |1% W | 50.000 m
r Enable Quality Monitar on this — Enable Quality Manitar on this
measurement | measurement

|w Parfarm settle test on thiz channel [
hieasurement Range: |'11EI%U | & .500 W
Minimum Tolarance: |-1%'|ur | 4050 Minimum Time: | |
Maximum Tolerance: |-1%'|ur | 5050 M aximum Time: | |

Enable Quality Maonitar an this

measurement

Caneel

e Perform tests on this channel — check this box to perform the transient sequence on this
channel.
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e Transient Measurement — the measurement vector that will be used to perform the transient
measurements. Note that this must be a transient-type measurement vector.

e Initial Output Vector — this output vector is applied before the transient. While under normal
circumstances applying an output vector affects all outputs in the program, this test routine
extracts the portion of the output vector specific to the active output and applies the
properties to this output only.

¢ Final Output Vector — this output vector supplies the transient. Note that only the current
setting for this specific output is used. Also, the Final Output Vector current must be greater
than the Initial Output Vector current.

e Step all channels in the vector — check this box to synchronously apply the current settings
for all UUT Outputs enabled for transient testing.

e Delay before transient — this delay occurs after the measurement device has been armed, but
before the transient is applied.

e Undershoot Range — this is the maximum expected measured undershoot value. The value
may be entered either as a value or a percentage of nominal channel voltage.

e Maximum Undershoot — this is the allowable upper limit of the measured undershoot value.
Measured values greater than this will cause the test routine to fail. The value may be
entered either as a value or a percentage of nominal channel voltage.

e Collect Quality Monitor data on this measurement — check this box to enable Quality
Monitor data collection on the undershoot measurement.

e Quality Monitor... — press this button to display the Quality Monitor properties. Please refer
to the Quality Monitor reference manual for further details.

e Overshoot Range — this is the maximum expected measured overshoot value. The value may
be entered either as a value or a percentage of nominal channel voltage.

e Maximum Overshoot — this is the allowable upper limit of the measured overshoot value.
Measured values greater than this will cause the test routine to fail. The value may be
entered either as a value or a percentage of nominal channel voltage.

e Enable Quality Monitor on this measurement — check this box to enable Quality Monitor data
collection on the overshoot measurement.

e Quality Monitor... — press this button to display the Quality Monitor properties. Please refer
to the Quality Monitor reference manual for further details.

e Perform settle test on this channel — check this entry to sample the channel output voltage at
the end of the transient window when going from initial to final current settings.

e Measurement Range — this is the maximum expected measured settle value. The value may
be entered either as a value or a percentage of nominal channel voltage.

e Minimum Tolerance - this is the allowable lower limit of the measured settle value.
Measured values less than this will cause the test routine to fail. The value may be entered
either as a value or a percentage of nominal channel voltage.
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e Maximum Tolerance — this is the allowable upper limit of the measured settle value.
Measured values greater than this will cause the test routine to fail. The value may be
entered either as a value or a percentage of nominal channel voltage.

e Report settle time instead of settle voltage — if the selected transient hardware supports
measuring settle time this box will be enabled. Check the box to instruct the hardware to
make the time measurement instead of the voltage measurement. When you make this
choice, the Minimum and Maximum Tolerance values are interpreted as Minimum and
Maximum threshold values. The UUT is deemed to have settled when the output stays
within the window defined by these two values.

e Minimum Time — this is the allowable lower limit of the measured settle time. Measured
values less than this will cause the test routine to fail. The value may be entered either as a
value or a percentage of channel reference time.

e Maximum Time — this is the allowable upper limit of the measured settle time. Measured
values greater than this will cause the test routine to fail. The value may be entered either as
a value or a percentage of channel reference time.

e Collect Quality Monitor data on this measurement — check this box to enable Quality
Monitor data collection on the settle measurement.

e Quality Monitor... — press this button to display the Quality Monitor properties. Please refer
to the Quality Monitor reference manual for further details.
29.4 Sequence

The load, source, digital and analog vectors defined by the program are applied to the tester
hardware before the test routine sequence is initiated.

1) For each UUT output:

a) Calculate the required current for the transient by subtracting the initial input current
from the final input current

b) Apply the Initial Output Vector to the active output

c) Get the load device that will perform the transient. The active output automatically finds
the smallest device that can handle the required transient.

d) Setup and arm the measurement device for the undershoot transient. If the transient
hardware supports simultaneous undershoot and settle measurements, and the settle test is
enabled, the settle measurement will also be gathered.

e) Wait the delay time, then perform the transient by applying the Final Output Vector
current

f) Evaluate and log the undershoot result (and settle result, if applicable)
g) Setup and arm the measurement device for the overshoot transient

h) Wait the delay time, then perform the transient by restoring the Initial Output Vector
current

i) Evaluate and log the overshoot result

| VvV /& ] ]
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J) If performing the settle test and the hardware doesn’t support simultaneous undershoot
and settle tests:

1) Setup and arm the measurement device for the settle transient

i) Wait the delay time, then perform the transient by applying the Final Output Vector
current

iii) Evaluate and log the settle result
iv) Restore the output to the Initial Output Vector current setting

k) Check for faults and log them as necessary
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30. TRANSIENT RESPONSE - MAXIMUM TOLERATED TEST

30.1 Description

This test routine will subject the UUT to a series of increasing transients in order to determine
the maximum transient that the UUT can tolerate. Either the minimum voltage detected during
the transient or the steady-state voltage measured after the transient has stopped can be used to
determine if the UUT “tolerated” the transient. A waveform image of the maximum tolerated
transient may be optionally logged. In addition to the minimum voltage, the maximum, peak-to-
peak, low and high, and undershoot and overshoot values can also be logged.

30.2 Method

The test begins by programming the Output to pulse between a baseline current and the initial
value specified by the ramp parameters, at a user-defined frequency and duty cycle. At each
step, the measurements are collected. If the UUT tolerated the first pulse, the test continues by
creating new transients between the baseline and each ramp step. If the UUT fails to tolerate a
transient the ramp is stopped. At the end of the ramp, the test logs the values and image from the
either the last step or the previous ramp step, as specified by the user. At the end of the test, the
Output will be sitting at a steady-state value defined by the “baseline” parameter.

30.3 Test Routine Properties

The test routine is structured in a wizard-like format. Use the Next and Back buttons to navigate
through the pages.

[
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30.3.1 Setup

Use the Setup page to define the transient range. You can choose the Output to test, the current
pulse amplitudes, and the frequency and duty cycle.

/' Maximum Tolerated Transient Response Test Parameters

Setup ]

ChE”""Et|L”-|T[]“t1 j Frequency: W Duty Cycle: IW
Sample Transient Setups

100%. 10% to 100% with Ramp the current from

haseline of 0%
% nnﬂﬂﬂﬂ_ﬂﬂﬂﬂ E;:Z";f;js | 10.0%A | 1000A

0% to 100% weith =

Uuuuunnﬂﬂﬂ- baseline of 45% | 100.0%A | 10.000A
0% in10 steps
——————————————————————————————————————— in IT zteps
100% e r U -|_|_ U U U U U A0% to 0% with keeping the baseling level steady at
hazeline of 100%
0% in 9 steps 0.0% A | 0.000 A

Let the transient run for | 0 cycle(s) before beginning meazurements, then continue for 1  cycle(s)

Minimurm tolerated vottage: | 90.0 %V 4500 W

{* Stop ramping if the undershoot falls below the minimum tolerated voltage

{" Stop ramping if the output is less than the minimum tolerated voltage after the transient has been stopped

Voltage Measurement: | J

Measzurement Range: | |

Delay before reading:

e Channel — defines the UUT output channel to test. Choose from any of the defined Outputs.
e Frequency — the frequency at which the transient pulse will operate.
e Duty Cycle — the duty cycle of the transient pulse.

e Ramp the current from X.X to X.X — defines the transient ramp limits. You can choose to
ramp from low to high or high to low using these fields. Values can be entered as either
direct values (in amps), or as percentages of the current reference of the selected channel.

e Steps — defines the number of steps the ramp will take between the current parameters.
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o Keep the baseline level steady at — this parameter defines the beginning of the transient pulse
levels. The test will create a transient that starts at this baseline and pulses to the values
defined by the Ramp parameters.

e Let the transient run for X cycle(s) — the test will let the transient pulse execute for this
specified number of cycles before beginning the measurements.

e Continue for X cycle(s) — this parameter defines the measurement aperture. The
measurements will be taken while the transient executes for the specified number of cycles.

e Minimum tolerated voltage — the UUT output must remain at or above this value in order to
“tolerate” the transient. If the output drops below this value the ramp will stop.

e Stop ramping if the undershoot exceeds the minimum tolerated voltage — select this option to
check the output voltage while the transient is running. The measurement will use the
minimum value reported during the transient. If the measurement is AC coupled, this value
will probably be negative (as the undershoot value increases, it becomes more negative).

e Stop ramping if the output is less than the minimum tolerated voltage after the transient has
been stopped — select this option to perform a DMM measurement on the output after the
pulsing has been stopped. Choose this option if you expect the UUT to shutdown when the
maximum tolerated transient has been exceeded.

e Voltage Measurement — the measurement vector that will be used to take the
measurement. Note that this must be a DMM-type voltage measurement vector.

e Measurement Range - this is the maximum expected measured value. The value may be
entered either as a value or a percentage of the voltage reference of the selected channel.

e Delay before reading — the amount of time you allow the UUT to settle before beginning
the measurement.
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30.3.2 Waveform Capture

The test routine analyzes a captured waveform to determine the various measurements. This
page allows you to specify the parameters that will control this waveform capture. In addition,
you can choose to datalog an image of the capture.

£ Maximum Tolerated Transient Response Test Parameters

Waveform Capture ]

Capture Settingz
Waveform Device: |DC Load 1 ﬂ
Setup Capture. . | v Auto Describe

Acquire Current+\oltage

| Suppress image datalogging
Image Width (0 = autozize): |0 Height (0 = autosize); |0
File Specificationz

f* Automatically control files for datalogging (recommended)

" Allow me to specify file names and paths

Wavwveform image file name: |

r [ 0]

< Back

Cancel |

e Waveform Device — allows you to select the device that will be used to capture the data. The
list of available devices varies with the hardware installed. In the NHR default naming
convention, waveform devices capable of accepting input external to the digitizer are named
“External Waveform 1,” 2, etc. If the digitizer gets the input internally, the devices are listed
by the logical hardware name like “AC Load 1,” “DC Load 1,” etc. These devices can be
given customized names by the user in the Configuration utility (see NH Document 09-
0269).

e Setup Capture — this button brings up the Digitizer Device virtual scope front panel control.
This panel is used to select ranges, trigger options, input coupling and termination, which
channels to enable, and which system elements to connect to the enabled channels (see
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section 38.3.1 for details.)

Typically you would set the channel coupling to AC, position the signal at 0.0, and set the
vertical v/div to maximize the resolution, although you may DC couple and offset the signal
to position it within the waveform area. The aperture value (“s/div”) you select will be
overridden by the test routine based on the frequency and number of cycles selected — you do
not need to calculate an appropriate aperture. The trigger can be set to the falling edge of the
selected waveform, or to System Trigger. Note: if you are using NHR Model 4100 loads to
perform the current pulse, System Trigger can be used but it will result in a delayed start of
the continuous pulse in relation to the trigger. Letting the transient run for at least one cycle
before beginning the measurements will mitigate this offset.

You can enable the capture of additional signals (if supported by the Digitizer device).
e Auto Describe — this feature allows you to override the description of the waveform capture.

e Suppress image datalogging — if this option is selected, the test will still capture and process
all measurements, but instead of displaying the measurement results AND the captured
waveform image, only the measurement results will be displayed.

e Image Width and Height — these options allow you to specify the size of the image. Enter
“0” to have the software calculate the optimal image size.

e File Specifications — These selection buttons determine whether files generated during this
test are managed automatically or if you will choose the file and path. If the automatic
method is chosen, the system will store waveform images in the most efficient way and
insure that they can be viewed at a later time using the emPower Datalog capabilities.

e Waveform image file name — the .jpg image file showing the waveform image. Providing a
file name than ends with a .bmp extension will generate a bitmap image (non-compressed).

e Modify file name with Test Information field — When enabled, a field from the Test
Information Entry form will be appended to the user entered file name. The Test Information
Entry form appears before running the test on each UUT, and is typically filled in by the test
operator. Appending an information field provides a method of tracking specific digitizer
samples to a particular UUT serial number or test pass. The number selection box
determines which of the input fields from the Test Information Entry form will be appended
to the file name.
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30.3.3 Standard Measurements

There are seven measurements built-in to the routine. You control which measurements to make,
what the acceptable minimum and maximum values are, and whether to display markers on the
image to aid in discovering their location on the image.

£ Maximum Tolerated Transient Response Test Parameters

Standard Meazurementz ]
\_ - T T Omirshnut
Max High ‘-\
Peak-Peak f \'
i+ [
Min jl L ow
< Undershoot
Measurement Definitions
Waveform Channel: |WF2: Voltage (V) ﬂ
Measurement Minirmum Value Maximum Value Waveform Markers
¥ Peak-Peak  |0.000V | oo00v [n.ooow | o000V d |nuwnTriﬂng|e ﬂhriﬂnme ﬂ
WV Max |0.000 v | oooov  oooov | oooov ¥ |pot |
W High [n.000 W | ooo0v [n.ooow | o.oo0v v |p_igm-rriﬂng|e ﬂ
o [ Lo |0.000 v | nooov  Joooov | o000V ¥ |pight Triangle |
W Min |0.000 v | oooov  oooov | oooov ¥ fpot |
W Overshoot  |0.000V | 0000w |0.000 v | o0.000wv
¥ Undershoot  |0.000V | nooov |0.000 v | oooov
< Back Cancel |

e Waveform Channel — allows you to select the waveform channel that will be used to capture
the data. Many digitizers can capture data from multiple channels, while others cannot.
With this option, you define which of the available digitizer channels contains the waveform
data you wish to analyze.

e Measurement (check-box) — enables or disables the standard measurements.

e Peak-Peak — the difference in amplitude between the highest and lowest sample points in
the captured waveform. The number returned is positive regardless of whether the high
and low sample points are both positive or negative.
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e Max —the amplitude of the highest sample point in the captured waveform. This value
may be positive or negative.

e High —the vertical amplitude at the top of the signal. The High value is the most
common value above the midpoint of the acquired waveform. A histogram is used to
derive the value. This statistical approach ignores short-term aberrations (such as
overshoot and ringing), and is best used for examining pulse waveforms.

e Low - the vertical amplitude at the bottom of the signal. The Low value is the most
common value below the midpoint of the acquired waveform. A histogram is used to
derive the value. This statistical approach ignores short-term aberrations (such as
undershoot and ringing), and is best used for examining pulse waveforms.

e Min — the amplitude of the lowest sample point in the captured waveform. This value
may be positive or negative.

e Overshoot — the difference between the Max and High values. Note: you must select
both Max and High in order to make the Overshoot measurement.

e Undershoot — the difference between the Low and Min values. Note: you must select
both Low and Min in order to make the Undershoot measurement.

e Minimum Value - this is the allowable lower limit of the measured value. Measured values
less than this will cause the test routine to fail. The value may be entered either as a value or
a percentage of the Output nominal voltage.

e Maximum Value - this is the allowable upper limit of the measured value. Measured values
greater than this will cause the test routine to fail. The value may be entered either as a value
or a percentage of the Output nominal voltage.

e Waveform Markers (check-box) — enable these boxes to draw cursor lines and symbols on
the captured image. Choose the desired symbols from the options to the right. For the peak-
to-peak value, the left-most symbol controls the “minimum peak” value, and the right-most
symbol is for the “maximum peak”.
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30.3.4 Additional Measurements & Datalog

On this page, you are given the opportunity to augment the collection of measurements taken by
this routine with any others provided by the Waveform analyzer, and specify how you would like
to log the ramp parameters.

£ Maximum Tolerated Transient Response Test Parameters

Additional Meazurements & Datalog ]

Additonal Measurement Definitions

Current Frequency l

[ Perform thiz measurement Define...
[v Auto Describe

Minimum Value; [35.000000 Hz

Maxirmum Value; [45.000000 Hz

New Meazurement... | Remuvef.1easurernent|

Ramp Datalog

v Log the maximum tolerated ramp =step

Datalog Parameter: |Pre'.fiuus Ramp Value j

Ramp Minimum Valug: |0.0 % A | noooa

Ramp Maximum Value: |100.0 % A | 10.000A

[~ Log a failure if the ramp runs to completion

< Back Cancel |

e New Measurement — initializes the data entry fields required for a new measurement. Any
number of the available measurements can be added to a single Worst-case Transient test,
and will be represented in a tabbed list for review or modification.

e Define... — opens a selection form for choosing among all available measurements that can
be performed on captured data. The methods and properties for each measurement are
described in the Waveform Test Routine section (see 38.3.5).

e Auto Describe — if checked, the measurement is described by combining the name of the
Waveform Channel to be measured with the measurement function (e.g. “frequency”). If
unchecked, the user is prompted to provide a description of this measurement.
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e Minimum Value - this is the allowable lower limit of the measured value. Measured values
less than this will cause the test routine to fail.

e Maximum Value - this is the allowable upper limit of the measured value. Measured values
greater than this will cause the test routine to fail.

¢ Remove Measurement — removes the currently selected measurement.

e Log the maximum tolerated ramp step — select this to enable logging of the ramp step where
the UUT failed to tolerate the transient.

e Datalog Parameter — either “Ramp Value” or “Previous Ramp Value”, to log the step the
UUT failed to tolerate, or the last value that the UUT tolerated, respectively. If you
choose to log the previous value, and the ramp stops at the first value or the ramp runs to
completion, the actual ramp value is logged instead.

e Ramp Minimum Value — this is the allowable lower limit of the ramp parameter value.
Values less than this will cause the test routine to fail.

e Ramp Maximum Value — this is the allowable upper limit of the ramp parameter value.
Values greater than this will cause the test routine to fail.

Log a failure if the ramp runs to completion — check this box to log an error if you expect the
ramp to stop before reaching the last ramp value and it doesn’t.
30.4 Sequence

The load, source, digital and analog vectors defined by the program are applied to the tester
hardware before the test routine sequence is initiated.

1) Set the Output to the “baseline” value.
2) For each ramp step:

a) Create a current pulse from the baseline to the ramp step with the specified duty cycle
and specified frequency.

b) Arm a waveform capture.
c) Begin executing a continuous pulse on the Output.
d) Make the measurements.
e) Stop the current pulse and set the Output to the baseline value.
f) If the minimum measurement exceeds the Minimum Tolerated Voltage, stop ramping.
g) Ifan error is encountered, log the failure and abort the test.
3) Datalog the measurements and image.
4) Check for faults and log them as necessary.
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31. TRANSIENT RESPONSE - WORST CASE TEST

31.1 Description

This test routine will report the worst-case transient response of the UUT. The output will be
subjected to a series of current pulses, varying in both frequency and duty cycle. The peak-to-
peak voltage is measured during each setup, and the maximum recorded value is reported. A
waveform image of this worst-case transient may be optionally logged. In addition to the peak-
to-peak value, the minimum and maximum, low and high, and undershoot and overshoot values
can also be logged.

31.2 Method

The test begins by programming the Output to pulse between two specified current points at a
specified starting frequency with a fixed 50% duty cycle. This frequency is ramped to the
specified ending frequency. At each step, the measurements are collected. Once the entire
frequency range has been executed, the Output is programmed to pulse at the frequency that
generated the greatest peak-to-peak value beginning at the specified starting duty cycle. This
duty cycle is then ramped to the specified ending duty cycle, at that fixed frequency, with
measurements collected at each step. Once the entire duty cycle range has been executed, the
test logs the values and image from the combination that created the greatest (i.e. worst-case)
transient response. At the end of the test, the Output will be sitting at a steady-state value
defined by the Minimum Load parameter.

31.3 Test Routine Properties

The test routine is structured in a wizard-like format. Use the Next and Back buttons to navigate
through the pages.

[
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31.3.1 Setup

Use the Setup page to define the transient. You can choose the Output to test, the current pulse
amplitudes, and the frequency and duty cycle ranges.

/' Worst-Case Transient Response Test Parameters @

Setup ]

UUT Output Load: |UUT Out 4 ﬂ

The output will pulse between the two current points. After the specified
delay, a measurement will be taken to determine the largest transient over

a specified number of cycles. Mumber of transient cycles  Repeat capture
|'1 oyile # |1 capture
e e e [Humber of captures]
axirnum Loz

[100% & [ 10000 A / ! / | .' |
Mimirnurn Load —/ \_/ \_] U \_

Tirne » .- Tirne
||:|_E|% A | 0.000 & |€Delay Before Measuremert éléHigh e

|EI oycles

The frequency will be ramped from the start to end frequency over a certain
number of steps. At each step, measurements are taken. After all the steps
have been executed, the frequency with the largest peak-to-peak
measurement is determined.

g i vl A

Starting Frequency Mumber of Frequency Steps Ending Frequency
|40.000 Hz |10 | 3000 Hz/Step 70.000 Hz

The largest frequency peak-to-peak is then run through a duty cycle test. The
duty cycle is ramped from the start to end duty cycles. At each step,
measurements are taken. After the ramp is complete, the step with the largest
peak-to-peak is determined.

f— T T 1T

Starting Dty Cycla Murmber of Outy Cycle Steps Ernding Doty Coyrcle
10,0 % 10 | 80%istep 000 %
| Mext = | Cancel |

e UUT Output — defines the output channel to use when making the measurement. Choose
from any of the defined Outputs.

e Maximum Load — the high value of the load used to create the transient pulse. This may be
entered as a value or a percentage of the Output current reference. Note: the value must be
greater than the Minimum Load value.

e Minimum Load - the low value of the load used to create the transient pulse. This may be
entered as a value or a percentage of the Output current reference. Note: the value must be
less than the Maximum Load value.

e Number of transient cycles — specifies the number of transient cycles to capture and measure.
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e Number of captures — indicates the number of times you wish to repeat the capture. Only the
measurement with the highest peak-to-peak value will be retained.

e Delay Before Measurement — indicates the number of cycles you wish the load to execute
before the measurement capture is begun.

e Starting Frequency — for the frequency portion of the test, the transient pulse will begin with
this frequency, and a 50% duty cycle.

e Number of Frequency Steps — the number of steps to take when ramping from the starting
frequency value to the ending frequency value. If you wish to run the test at a single
frequency, enter the same value for both Starting and Ending Frequency, and set the Number
of Frequency Steps to 0.

e Ending Frequency — for the frequency portion of the test, the transient pulse will end with
this frequency, and a 50% duty cycle.

e Starting Duty Cycle — for the duty cycle portion of the test, the transient pulse will begin with
this value at the frequency that generated the maximum peak-to-peak values.

e Number of Duty Cycle Steps — the number of steps to take when ramping from the starting
duty cycle value to the ending duty cycle value. If you wish to run the test at a single duty
cycle, enter the same value for both Starting and Ending Duty Cycle, and set the Number of
Duty Cycle Steps to 0. Note: a test is always performed at 50% regardless of the duty cycle
values you enter.

e Ending Duty Cycle — for the duty cycle portion of the test, the transient pulse will end with
this value at the frequency that generated the maximum peak-to-peak values.
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31.3.2 Waveform Capture

The test routine analyzes a captured waveform to determine the various measurements. This
page allows you to specify the parameters that will control this waveform capture. In addition,
you can choose to datalog an image of the capture.

! Worst-Case Transient Response Test Parameters

Waveformn Capture ]

Capture Settings

Waveform Device: |Ex't:—rns| Waveform 1 j

Setup Capture. .. | [ Autc Descibe

| Acquirs Chn 001

[T Suppress image datalogging
Image Width {0 = autosize). [0 Height (0 = autosize): |0
File Specifications
{+ Automatically control files for datalogging (recommended)

{" Allow me to specify file names and paths

< Badk | Mext = | Cancel |

e Waveform Device — allows you to select the device that will be used to capture the data. The
list of available devices varies with the hardware installed. In the NHR default naming
convention, waveform devices capable of accepting input external to the digitizer are named
“External Waveform 1,” 2, etc. If the digitizer gets the input internally, the devices are listed
by the logical hardware name like “AC Load 1,” “DC Load 1,” etc. These devices can be
given customized names by the user in the Configuration utility (see NH Document 09-
0269).

e Setup Capture — this button brings up the Digitizer Device virtual scope front panel control.
This panel is used to select ranges, trigger options, input coupling and termination, which
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channels to enable, and which system elements to connect to the enabled channels (see
section 38.3.1 for details.)

Typically you would set the channel coupling to AC, position the signal at 0.0, and set the
vertical v/div to maximize the resolution, although you may DC couple and offset the signal
to position it within the waveform area. The aperture value (*s/div”) you select will be
overridden by the test routine as it ramps through the frequency values. You do not need to
calculate an aperture that will be sufficient for all. The trigger can be set to the falling edge
of the selected waveform, or to System Trigger. Note: if you are using NHR Model 4100
loads to perform the current pulse, System Trigger can be used but it will result in a delayed
start of the continuous pulse in relation to the trigger. Selecting a Delay Before Measurement
of at least one cycle will mitigate this offset.

You can enable the capture of additional signals (if supported by the Digitizer device).
e Auto Describe — this feature allows you to override the description of the waveform capture.

e Suppress image datalogging — if this option is selected, the test will still capture and process
all measurements, but instead of displaying the measurement results AND the captured
waveform image, only the measurement results will be displayed.

e Image Width and Height — these options allow you to specify the size of the image. Enter
“0” to have the software calculate the optimal image size.

e File Specifications — These selection buttons determine whether files generated during this
test are managed automatically or if you will choose the file and path. If the automatic
method is chosen, the system will store waveform images in the most efficient way and
insure that they can be viewed at a later time using the emPower Datalog capabilities.
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31.3.3 Standard Measurements

There are seven measurements built-in to the routine. You control which measurements to make,
what the acceptable minimum and maximum values are, and whether to display markers on the
image to aid in discovering their location on the image.

! Worst-Case Transient Response Test Parameters

Standard Measurements ]

\_ G Oujmhuut
Max High ‘-\ L
Peak-Peak \'
" I
Min -llll Low
_____ o Undershoot
Mesasurement Definitions
Waveform Channel: |WF1: Chn 001 (V) |
Mesasurement Minimum Value Meximum Value Waveform Markers
[V Pesk-Pesk  |0.000V | oooov  Joooov | 0000V [ |pown Triangle v | [Triangle |
¥ Msx o.000 v | oooov  Joooov | o000V ¥ [pot |
¥ High |o.000 v | oooov |o.0o0 v | owoov W |Rignt Triangle ¥
v Low [o.000 v [ cooov  Joooov | cooov W |Right Triangle |
¥ Min |o.000 v | oooov |o.0o0 v | owoov W oot |
¥ Overshoot o.000 v | ocooow |o.000 v | o.000v
¥ Undemshoot  |0.000 W | oooowv |0.000 v | o.o00v

< Badk Mext = | Cancel |

e Waveform Channel — allows you to select the waveform channel that will be used to capture
the data. Many digitizers can capture data from multiple channels, while others cannot.
With this option, you define which of the available digitizer channels contains the waveform
data you wish to analyze.

e Measurement (check-box) — enables or disables the standard measurements.

e Peak-Peak — the difference in amplitude between the highest and lowest sample points in
the captured waveform. The number returned is positive regardless of whether the high
and low sample points are both positive or negative.

[
158 of 239 rerar€



emPower ® TEST ROUTINE REFERENCE MANUAL

e Max —the amplitude of the highest sample point in the captured waveform. This value
may be positive or negative.

e High —the vertical amplitude at the top of the signal. The High value is the most
common value above the midpoint of the acquired waveform. A histogram is used to
derive the value. This statistical approach ignores short-term aberrations (such as
overshoot and ringing), and is best used for examining pulse waveforms.

e Low - the vertical amplitude at the bottom of the signal. The Low value is the most
common value below the midpoint of the acquired waveform. A histogram is used to
derive the value. This statistical approach ignores short-term aberrations (such as
undershoot and ringing), and is best used for examining pulse waveforms.

e Min — the amplitude of the lowest sample point in the captured waveform. This value
may be positive or negative.

e Overshoot — the difference between the Max and High values. Note: you must select
both Max and High in order to make the Overshoot measurement.

e Undershoot — the difference between the Low and Min values. Note: you must select
both Low and Min in order to make the Undershoot measurement.

e Minimum Value - this is the allowable lower limit of the measured value. Measured values
less than this will cause the test routine to fail. The value may be entered either as a value or
a percentage of the Output nominal voltage.

e Maximum Value - this is the allowable upper limit of the measured value. Measured values
greater than this will cause the test routine to fail. The value may be entered either as a value
or a percentage of the Output nominal voltage.

e Waveform Markers (check-box) — enable these boxes to draw cursor lines and symbols on
the captured image. Choose the desired symbols from the options to the right. For the peak-
to-peak value, the left-most symbol controls the “minimum peak” value, and the right-most
symbol is for the “maximum peak”.
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31.3.4 Additional Measurements

On this page, you are given the opportunity to augment the collection of measurements taken by
this routine with any others provided by the Waveform analyzer.

/" Worst-Case Transient Response Test Parameters

Additicnal Measuraments ]
Additonal Measurement Definitions

Fulse Time [Low) ]

¥ Perform this measurement Define. ..
¥ Auto Desoibe

Minimum Value: |2.500000 mS

Maximum Value: [4.000000 m3

Mew Measurement... | Remaove Measurement

< Badk | el | Cancel |

e New Measurement — initializes the data entry fields required for a new measurement. Any
number of the available measurements can be added to a single Worst-case Transient test,
and will be represented in a tabbed list for review or modification.

e Define... — opens a selection form for choosing among all available measurements that can
be performed on captured data. The methods and properties for each measurement are
described in the Waveform Test Routine section (see 38.3.5).

e Auto Describe — if checked, the measurement is described by combining the name of the
Waveform Channel to be measured with the measurement function (e.g. “frequency”). If
unchecked, the user is prompted to provide a description of this measurement.
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e Minimum Value - this is the allowable lower limit of the measured value. Measured values
less than this will cause the test routine to fail.

e Maximum Value - this is the allowable upper limit of the measured value. Measured values
greater than this will cause the test routine to fail.

¢ Remove Measurement — removes the currently selected measurement.

31.3.5 File Specifications

If you chose to manually specify file names and paths for the image, you need to define those
parameters here. This may require significant disk storage and slow test times.

/ Worst-Case Transient Response Test Parameters

Standard Measurements  File Specifications ]
Datalog File Specifications and Options
Waveform image file nama! |- yHR\Result FilesiMy Imsge jpg
[W Modify file names with Test Information field: | 1 :II | Serial Number
< Badk | Finish | Cancel |

e Waveform image file name — the .jpg image file showing the waveform image. Providing a
file name than ends with a .bmp extension will generate a bitmap image (non-compressed).
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e Modify file name with Test Information field — When enabled, a field from the Test
Information Entry form will be appended to the user entered file name. The Test Information
Entry form appears before running the test on each UUT, and is typically filled in by the test
operator. Appending an information field provides a method of tracking specific digitizer
samples to a particular UUT serial number or test pass. The number selection box
determines which of the input fields from the Test Information Entry form will be appended
to the file name.

31.4 Sequence

The load, source, digital and analog vectors defined by the program are applied to the tester
hardware before the test routine sequence is initiated.

1) Set the Output to the Minimum Load value.
2) For each Frequency step:

a) Create a current pulse from Minimum Load to Maximum Load with a 50% duty cycle at
the specified frequency.

b) Arm a waveform capture.
c) Begin executing a continuous pulse on the Output.

d) Make a peak-to-peak measurement. If the peak-to-peak measurement is the largest
collect so far:

i) Make all the other measurements as required.
i) Save the waveform image.
iii) Save the frequency value.
e) Stop the current pulse and set the Output to the Minimum Load value.
f) If an error is encountered, log the failure and abort the test.
3) For each Duty Cycle step:

a) Create a current pulse from Minimum Load to Maximum Load with the specified duty
cycle at the saved frequency.

b) Arm a waveform capture.
c) Begin executing a continuous pulse on the Output.

d) Make a peak-to-peak measurement. If the peak-to-peak measurement is the largest
collect so far:

i) Make all the other measurements as required.
i) Save the waveform image.
iii) Save the duty cycle value.
e) Stop the current pulse and set the Output to the Minimum Load value.
f) If an error is encountered, log the failure and abort the test.
4) Datalog the measurements and image corresponding to the maximum peak-to-peak value.
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5) Check for faults and log them as necessary.

[
rerar€ 163 of 239



emPower © TEST ROUTINE REFERENCE MANUAL

164 of 239



emPower ® TEST ROUTINE REFERENCE MANUAL

32. TURN-ON/ TURN-OFF MEASUREMENT TEST

32.1 Description

The Turn-On / Turn-Off test routine is used to perform timing and other dynamic measurements
of the UUT during power up or down cycles. The standard measurements collected for each
UUT input or output during a power-up cycle include turn-on time, rise time, settle time, settle
value, peak value and overshoot of both voltage and current. During a power-off cycle the
measurements include hold-up time, fall time, settle time, settle value, minimum value and
undershoot. When the UUT has more than one output the measurements can be compared to
each other to test turn-on and turn-off sequencing. In addition, input measurements can be
compared to output measurements.

A graphical image of the power cycle can be created and logged with the test results and Quality
Monitor data can be collected on each measurement.

NOTE: This routine requires that a Model 4200 or 4700 Series DC Load be connected to each
output under test and a Model 6100 Series DC Source connected to each input. Inputs and
Outputs that do not have the appropriate hardware connections will be disabled.

32.2 Method

The test begins by applying a Start Event. The start event can be any Output, Input, Digital or
Analog vector. When the vector is applied, each of the configured inputs and outputs of the
UUT begins capturing data during the aperture window. At the end of the aperture the
measurements are collected and datalogged, and an optional image is created.

32.3 Test Routine Properties

32.3.1 Start a Capture

In this portion of the test you define the type of power cycle you will perform — either a Turn-on
test or a Turn-off test. Based on your selection, a timing diagram will be drawn as an aid to help
understand the definition of the standard measurements. We’ll discuss the diagrams further in
the next section.

W max I@ <—®—>

(@
£ on @ @
-7
@ o
Turn-on image Turn-off image

You also select the Start Event and aperture time from this initial screen.
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£ Turn-on / Turn-off Test Parameters @

Start a capture ] Measurements I Relative Measuremeants I Wiaveform Image I

(¢ Thisiz 8 TURN-OH test. The UUT will go from an off state to an on state.
{” Thisis a TURH-OFF test. The UUT will go from an on state to an off state.

Start Event

Delay before vectar: |D.DDD s

" Output Wector: |

{¢ Input Wector |Nom Line

~ Digital Vector: |

Led Ll Led 1<

" Analog Vector: |

Stat Ewent Timeout:  [1.000 S

heazurement Aperture: |100.000 mS

Mote: Since the loads are positive-only, the abowe timing diagram reflects the
waveform aszeen by the load. fwou are testing 3 negative channel all the voltagse
measurements mill be returned with the propersign, and if the wavefarm image is
datalogged it will be drawn as a negative channel.

The Turn-On £ Turn-off test routine is used to perdform timing and other dynamic measurements of the UUT during pover up ar down cycles.

The standard measurements collected for each UUT output during a turn-on ewcle include (referto abowe timing diagram)
t0: Start of aperura - a system trigger iz sent when the selected Start Event iz applied
t1: Turn-on time - the time from the initial trigger to when the output rises through the "W an" (or"l an") threshaold
t2: Rize time - the time from when the output rises through "W low® 1 Tow™) until it rises through "W high" ™1 high")
t3: Seftle time - the time from the initial frigger to when the output is last outside of the area defined by "W min" ™ min") and "W max" 'l max=")
WA (1) Settle waltage (or current) - the awerage measurement detected during the last 10% of the aperture
W2 (12): Peak woltage (or current) - the maximum measured walue during the aperurs
W3 (12 Owershoot - the difference bebveen the peak measurement and the settle measurement

Okl | Cancel

e Thisisa TURN-ON test — select this option if you wish to capture a turn-on cycle.

e This is a TURN-OFF test — select this option if you wish to capture a turn-off cycle.
e Delay before vector — this delay occurs before the selected start event is applied.

e Output Vector — select this option if the event you wish to capture is triggered by a change in
the output state of the UUT, and then select the desired vector from the list.

e Input Vector — select this option if the event you wish to capture is triggered by a change in
the input state to the UUT, and then select the desired vector from the list.

e Digital Vector — select this option if the event you wish to capture is triggered by a change in
a digital output, and then select the desired vector from the list.

e Analog Vector — select this option if the event you wish to capture is triggered by a change in
an analog stimulus to the UUT, and then select the desired vector from the list.

e Start Event Timeout— This time is used as a worst-case timeout value to keep the test
program from waiting indefinitely for a trigger condition or other result of the Start Event. If
the Start Event Timeout expires, a test failure status is logged and the test program ends.
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e Measurement Aperture — the measurement unit will capture data for this long after receiving
the Start Event trigger. Make this time window large enough to capture the entire event, as
desired.

32.3.2 Measurements

Each of the diagrams defines three timing measurements (t1 — t3) and either three voltage
measurements (V1 — V3) or three current measurements (11 — 13). These are the twelve standard
measurements collected on every input or output. You can choose which measurements to
collect. Here is the Voltage view of the Turn-on diagram:

W 1oy

G

D

The three timing measurements:

e “t1”is the turn-on time. It is defined as the time from the initial trigger to when the voltage
rises through the “V on” threshold. You define the “V on” threshold.

e “t2”is therise time. Itis defined as the time from when the voltage rises through “V low”
until it rises through “V high”. You define both the “V low” and *“V high” thresholds.

o “t3” s the settle time. It is defined as the time from the initial trigger to when the voltage is
last outside of the area defined by the “V min” and “V max” thresholds. You define both the
“V min” and “V max” thresholds.

The three voltage measurements:

e “V1”isthe settle voltage. This is the average voltage measurement detected during the last
10% of the aperture.

e “V2”isthe peak voltage. This is the maximum voltage measured during the aperture.

e “V3”isthe overshoot. Itis defined as the difference between the peak voltage and the settle
voltage.
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Here is the Current view of the Turn-on diagram:

(—@—)

I high

Fa¥ I max @
VAV

Ian @@

‘<— T low
‘ )

D

The three timing measurements:

“t1” is the turn-on time. It is defined as the time from the initial trigger to when the current
rises through the “I on” threshold. You define the “I on” threshold.

“t2” is the rise time. It is defined as the time from when the current rises through “I low”
until it rises through “I high”. You define both the “I low” and “I high” thresholds.

“t3” is the settle time. It is defined as the time from the initial trigger to when the current is
last outside of the area defined by the “I min” and “I max” thresholds. You define both the “I
min” and “l max” thresholds.

The three current measurements:

“I11” is the settle current. This is the average current measurement detected during the last
10% of the aperture.

“12” is the peak current. This is the maximum current measured during the aperture.

“13” is the overshoot. It is defined as the difference between the peak current and the settle
current.
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The Turn-off images are similar. Here is the Voltage view of the Turn-off diagram:

(0

The three timing measurements:

e “t1”is the hold-up time. It is defined as the time from the initial trigger to when the voltage
falls through the “V off” threshold. You define the “V off” threshold.

e “t2”is the fall time. Itis defined as the time from when the voltage falls through “V high”
until it falls through “V low”. You define both the “V low” and “V high” thresholds.

o “t3” s the settle time. It is defined as the time from the initial trigger to when the voltage is
last outside of the area defined by the “V min” and “V max” thresholds. You define both the
“V min” and “V max” thresholds.

The three voltage measurements:

e “V1”isthe settle voltage. This is the average voltage measurement detected during the last
10% of the aperture.

e “V2”is the minimum voltage. This is the minimum voltage measured during the aperture.

e “V3”isthe undershoot. It is defined as the difference between the minimum voltage and the
settle voltage.
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Here is the Current view of the Turn-off diagram:

The three timing measurements:

e “t1”is the hold-up time. It is defined as the time from the initial trigger to when the current
falls through the “I off” threshold. You define the “I off” threshold.

e “t2”is the fall time. Itis defined as the time from when the current falls through “I high”
until it falls through “I low”. You define both the “I low” and “I high” thresholds.

e “t3” is the settle time. It is defined as the time from the initial trigger to when the current is
last outside of the area defined by the “I min” and “I max” thresholds. You define both the “I
min” and “l max” thresholds.

The three current measurements:

e “I1”is the settle current. This is the average current measurement detected during the last
10% of the aperture.

e “12”is the minimum current. This is the minimum current measured during the aperture.

e “13”is the undershoot. It is defined as the difference between the minimum current and the
settle current.
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£ Turn-on / Turn-off Test Parameters g|
Start a capture  Measurements l Fealative Meaasurements I Maveform Image I
UUT Qut 1 ] UUT Qut 2 I
Wigi
(* “aoltage
Channel: |UUT Out1 -
| J (" Current
Woltage Meazurements
W W |Seﬂ|e woltage |99% W |4.95|:| Y
[~ Suppress datalog to |1a1%\,r F.DSDV
W Wz |Peak Valtage |99% v }4.950 [
[~ Suppress datalog to |1c|2%\,r F.1DDU
I e |Overshost % v 0.000 v
[~ Suppress datalog to |2% W |1|:u:u.|:u:u:| my
Timing Measurements
W t1 |Tum-an Time |10.000 ms [18.000 m5
W on: [A0% v @500
[~ Suppress datalag to |3|3_|:||:||3 ms IED.DDD ms
W 2 |Rise Time |2.000 ms 2.000 mS W law: [10% v 00,000 mi
Quality Maonitar...
[ Suppress datalag ta |12.|:u:|n ms |12.DDD ms W high: |9|:|% W |4.5|:n:| W
W [Settle Time [10000 ms  [10.000 mS o min: [90% ¥ A0
|7 Suppress datalog to |30_UUU ms FD.DDD mS Womase |11D% W F.SDD W
Add a new channel | Remaowve thiz channel |
Ok | Cancel |

e Add a new channel — press this button to define the measurement setup for a new channel.
The next available UUT channel is automatically chosen; select the desired channel using the
“Channel” dropdown list.

e Remove this channel — press this button to remove the currently displayed channel from the
measurement page.

e Channel — when you add a new channel the next available UUT channel is automatically
selected. Use this dropdown to select another UUT channel.

e View - this controls the data entry of the form. When “Voltage” is selected, the Voltage
image is shown and the fields are used to setup the Voltage measurements; when “Current” is
selected, the Current image is shown and the fields are used to setup the Current
measurements. Use this to toggle between the two views.

e Voltage/Current Measurements — for each of the three standard Voltage or Current
measurements you can define the following:

o V1/2/3 (or 11/2/3) check box — select this box to enable the corresponding standard
measurement.
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Suppress datalog — when you check this box, you are instructing the test program to
gather the corresponding measurement, but not to datalog it. This is useful when you
wish to make a relative measurement using this value as part of a calculation and prefer
not to datalog the result independently.

Measurement description — you can override the datalog description by changing this
field.

Minimum Tolerance — this is the allowable lower limit of the measurement. Measured
values less than this will cause the test routine to fail. The value may be entered either as
a value or a percentage of nominal channel voltage.

Maximum Tolerance — this is the allowable upper limit of the measurement. Measured
values greater than this will cause the test routine to fail. The value may be entered either
as a value or a percentage of nominal channel voltage.

e Timing Measurements — for each of the three standard timing measurements you can define
the following:

o

t1/2/3 check box — select this box to enable the corresponding standard timing
measurement.

Measurement description — you can override the datalog description by changing this
field.

Minimum Tolerance — this is the allowable lower limit of the measurement. Measured
values less than this will cause the test routine to fail. The value may be entered either as
a value or a percentage of the channel timing reference.

Maximum Tolerance — this is the allowable upper limit of the measurement. Measured
values greater than this will cause the test routine to fail. The value may be entered either
as a value or a percentage of the channel timing reference.

V on/off (or I on/off) — this is the threshold value the channel must pass through to
determine the turn-on or turn-off time. The value may be entered either as a value or a
percentage of nominal channel voltage

V low and V high (or I low and I high) — these are the threshold values the channel must
pass through to determine rise or fall time. The values may be entered either as values or
percentages of nominal channel voltage.

V min and V max (or I min and | max) — these are the threshold values used to determine
when the channel has settled. The channel is considered settled when it no longer
exceeds both values. The values may be entered either as values or percentages of
nominal channel voltage.

e Quality Monitor... — press this button to display the Quality Monitor properties. Please refer
to the Quality Monitor reference manual for further details.

32.3.3 Relative Measurements

Use this section to define measurements that are calculated by comparing two other
measurements. For example, you could compare the turn-on time of one channel with the turn-
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on time of another to determine the turn-on order. In addition, you can use this form to compare
a channel timing event with one of the DIN timing events.

Also, other various voltage, current and power measurements are available from this page.

£ Turn-on I Turn-off Test Parameters gl

Start a capture] Measurements  Relative Measurements I W aveform Image ]
Relative Meazurement Cefinitions
Use this section to define measurements that are caleulated by comparing two other measurements. For example, you could compare the turn-on

time of ane channel with the turn-on time of anotherto determine the turn-on arder. In addition, wou can use this form to compare a3 channel
timing ewant with one of the DIN timing ewents.

UUT Qut 2 fallovs UUT Out 1 | gUT Qut 1 Positive Peak Culrentl

v Perform this measurement
[ Auto Describe Describe...
heazure: |UUT Ot 1 j |Tirning: Turn-an Time ﬂ
Compare relative to: [ |UUT Qut2 j |Timing: Turn-on Time j
by |subtrac1ing -1 j the walues. [w Subtract the top selection fram the bottom selection
Minimum Yalue: |5 oo 5 {¢ Passwhen walue is between Min and hasx
Maximum Value: |5 q00 ms (" Passwhen value is outside of Min and hax
r Enable Quality Manitor an this
measurement
New fleasurement Remowe Measurement

QK | Cancel

e New Measurement — press this button to add another measurement to the relative
measurement group.

e Remove Measurement — press this button to remove the currently displayed measurement
from the relative group.

e Perform this measurement — check this box to perform the specified measurement on this
channel.

e Auto Describe — if checked, the measurement is described by combining the name of the
channel to be measured with the measurement function. If unchecked, the user provides a
description of this measurement

e Describe — press this button to enter the description of the measurement.

e Measure — select the channel to be measured from this dropdown list.
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e Measurement — select the desired measurement from this dropdown list.

e Compare relative to — check this box to define a relative measurement. If checked, select the
relative channel and measurement from the dropdown lists and choose a comparison method
(add, subtract, multiply or divide). The value resulting from the calculation will be the new
“measured” value. When subtracting or dividing, you are given the choice of the calculation
direction.

e Minimum Value - this is the allowable lower limit of the measured value. Measured values
less than this will cause the test routine to fail.

e Maximum Value - this is the allowable upper limit of the measured value. Measured values
greater than this will cause the test routine to fail.

e Pass when value is between Min and Max — select this box to use the standard comparison
technique to determine pass or fail.

e Pass when value is outside of Min and Max — select this box to use the alternate comparison
method where the value must not be in between the range defined by Min and Max.

e Enable Quality Monitor on this measurement — check this box to enable Quality Monitor data
collection on the measurement.

e Quality Monitor... — press this button to display the Quality Monitor properties. Please refer
to the Quality Monitor reference manual for further details.
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32.3.4 Waveform Image

The test routine includes the ability to create and log a waveform image of the turn-on or turn-off
cycle. There are numerous options available for defining the image, ranging from the amount of
data collected to the color of the lines. Use the following dialog to customize the image.

£ Turn-on / Turn-off Test Parameters g|

Start a capture] Meazurements I Ralative Measurements Waveform Image l

Waveform Options
[ Create awaveform image of the capture  yyjgen: 1500 Height: |400 Caption: [ Smaooth Lines

UUT Out 1 l UuT Out 2

Resalution Acquisition Tvpe
{™ High - The most accurate measurements the device can make " Mormal - the maximum amount of data is collected
{(# Low- The fastest measurements the dewice can make (s Fast- a representative subset of the data iz callected

“Waoltage Waveform Characteristics

v Include the Voltage waveform in the image

cetor: || [ Auto Scale Min: [0% v p.000 v Mac: [110% 500

herge Scale with: |<N0ne> (independent scale) ﬂ b ajor Units: |D%V F-UUUV

Current Wavefarm Characteristics

v Include the Current wawvefarm in the image

Calar: - [w Auto Scale in: | 1 3se | |

Merge Scale with: |=:Nc-ne= (independant zeale) ﬂ Majar Units: |U%ﬁ F-DUUA

Baszed on the above selactions, the estimated total data transfertime @ 19.2K baud is: | 200,000 msS
File Specifications

f* Automatically cantrol the file specifications for datalogging (recommended)

(" Allow me to specify file name and path

Wavefarm image file name: |

r 1<

Okl | Cancel |

e Create a waveform image of the capture — check this box to enable the waveform options. If
this box is cleared no image will be created.

e Width — specifies the width of the image.
e Height — specifies the height of the image.
e Caption —this text is used to describe the image.

e Smooth lines — check this box to draw smooth data point interconnection lines instead of
straight lines.

e For each channel defined in the test:
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0 Resolution — select “High” to download the highest resolution possible from the
hardware; choose “Low” to decrease download time. Note: all measurements are made
using the highest resolution possible regardless of the image “resolution” parameter.

o0 Acquisition Type —when you select “Normal”, every data point gathered by the
measurement hardware is downloaded and used to generate the image; “Fast” will
download 128 data points, gathered evenly from throughout the aperture. Selecting
“Fast” does not affect the quality of the measurements.

The combination of “resolution” and “acquisition type” determines how long it takes to
download the data from the measurement hardware. Low resolution and fast acquisition
combine to create the quickest download time; using the highest resolution with a normal
acquisition type will result in a substantially longer test execution time.

0 Voltage Waveform Characteristics

= Include the Voltage waveform in the image — check this box if you wish to add the
voltage waveform from this channel to the image.

= Color —this is the color of the voltage waveform and scales. Click on the color field
to change the selected color.

= Auto Scale — if selected, the scale minimum and maximums will be determined from
the actual data collected at run time. If unchecked, you must enter the “Min” and
“Max” data.

= Min - the minimum value of the scale. Data points that are below this value will be
clipped from the image. The value may be entered either as a direct value or a
percentage of nominal channel voltage.

= Max - the maximum value of the scale. Data points that are above this value will be
clipped from the image. The value may be entered either as a direct value or a
percentage of nominal channel voltage.

= Merge Scale with — this entry determines if the waveform scale is added as an
independent scale (multiple overlapping scales) or if the scale data is merged with
another voltage channel to create a single scale that spans the extremes of both
channels.

= Major Units - used to define the number of major divisions within the scale data. The
divisions will be drawn from “Min” to “Max”, with this field used as an increment
value. Use “0” to allow the software to automatically determine the optimal number
of divisions.

o Current Waveform Characteristics

= Include the Current waveform in the image — check this box if you wish to add the
current waveform from this channel to the image.

= Color —this is the color of the current waveform and scales. Click on the color field
to change the selected color.
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= Auto Scale - if selected, the scale minimum and maximums will be determined from
the actual data collected at run time. If unchecked, you must enter the “Min” and
“Max” data.

= Min - the minimum value of the scale. Data points that are below this value will be
clipped from the image. The value may be entered either as a direct value or a
percentage of channel reference current.

= Max - the maximum value of the scale. Data points that are above this value will be
clipped from the image. The value may be entered either as a direct value or a
percentage of channel reference current.

= Merge Scale with — this entry determines if the waveform scale is added as an
independent scale (multiple overlapping scales) or if the scale data is merged with
another current channel to create a single scale that spans the extremes of both
channels.

= Major Units - used to define the number of major divisions within the scale data. The
divisions will be drawn from “Min” to “Max”, with this field used as an increment
value. Use “0” to allow the software to automatically determine the optimal number
of divisions.

e File Specifications — These selection buttons determine whether the image file generated
during this test is managed automatically or if you will choose the file and path.

o Automatically control the file specifications for datalogging (recommended) — this
selection determines whether the image file generated during this test is managed
automatically.

o Allow me to specify file name and path — choose this option if you want to manually
select the filename and path for the image file.

o Waveform image file name — if you chose to manually control the filename enter the
specification here.

o0 Modify file name with Test Information field — When enabled, a field from the Test
Information Entry form will be appended to the user entered file name. The Test
Information Entry form appears before running the test on each UUT, and is typically
filled in by the test operator. Appending an information field provides a method of
tracking specific waveform images to a particular UUT serial number or test pass. The
number selection box determines which of the input fields from the Test Information
Entry form will be appended to the file name.

32.4 Sequence

The load, source, digital and analog vectors defined by the program are applied to the tester
hardware before the test routine sequence is initiated.

1) The routine waits the “Delay before vector” time.
2) Each of the selected channels is synchronized and armed for measurements.

3) The selected Output, Input, Digital or Analog vector is applied. When the test ends, the
tester remains in the state specified by this vector.
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4) At the end of the measurement aperture each of the enabled measurements are compared and
datalogged for every selected channel.

5) The relative measurements are calculated and datalogged.

6) If an image is being created, the data points are downloaded and the image file is constructed
and datalogged.
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33. UNDERVOLTAGE LOCKOUT TEST

33.1 Description

This test ramps the input voltage to a UUT up and then down (or down and then up) to determine
the input voltage at which a specific output channel will turn on and the input voltage at which
the output channel turns off. The difference between the input turn-on and input turn-off voltage
may be reported as Hysteresis. Either the UUT channel output voltage or a DIN is monitored to
determine when the device switched between on/off states.

This test is capable of performing the test input voltage ramp as either a positive (start low [off],
ramp to on, then ramp back low) or negative (start on, ramp to low [off], then ramp back on) type
depending on the start and end ramp voltages.

33.2 Method

The test begins by determining whether we are ramping up or down first (depending on whether
the Start VVoltage is greater or less than the End Voltage). This also determined whether we are
looking for a Turn On or Turn Off state. The input voltage ramps from Start VVoltage to End
Voltage, with a delay between each step equal to the Step Delay. The UUT measurement
(Digital or Measured) is taken after each ramp step. This measurement is compared to the
Threshold (Turn On, Turn Off, or Digital). When the state of the UUT changes (Turns On/Off),
the input voltage of that ramp step is recorded and logged. The input voltage is then ramped the
opposite direction, and looks for the opposite state. At the end of the test, the Hysteresis (delta
between Turn On/Turn Off ramp value) can be recorded and logged.
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33.3 Test Routine Properties

¥ UnderVoltage Lockout Test Parameters E|
Input T Measurement ]
nput Voltags
Input To Ramp (8] =~ End v
Start ¥ oo v | o000y
Enet Y [100% v | 40000
Steps [ag start v

Step Dela
p Delay |2|:u3.nc|c| ms Puu.unn ms S

Turn ©n Tolerance

Minimwim |3|:|% W | 32.000 %
Wacimim |9|:|% W | 36.000
Enable Guality Monitor on this
r ;
Calculation O Cn voTh o Turm Cir oltage
Turn Off Tolerance W Log Hysteresis
Minimum  |E5% | 26000 Minimum [10% v LK
Wacimim |?5% W | 30,000

Racimum |2|:|%v | 5.000 ¥

r Enable Guality Monitor on this
Calculation - Enakle Guslity Monitor on this

Calculation
924 | Cancel ‘

Input To Ramp — The input channel to ramp

Start V — Voltage to start ramping from (if this value is higher than End V, the voltage will
be ramped down, and then back up).

End V - Voltage to stop ramping.

Steps — The number of ramp steps. The size of each ramp step will be (Start V — End V) /
Steps.

Step Delay — The amount of time to wait between each ramp and when the UUT
Measurement is taken.

Turn On Tolerance Minimum — The minimum value the input voltage can be when the UUT
turns on in order to pass.

Turn On Tolerance Maximum — The maximum value the input voltage can be when the UUT
turns on in order to pass.
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e Turn Off Tolerance Minimum — The minimum value the input voltage can be when the UUT
turns off in order to pass.

e Turn Off Tolerance Maximum - The maximum value the input voltage can be when the UUT
turns off in order to pass.

e Hysteresis Minimum — The minimum value the difference between the actual turn on and
turn off input voltage can be in order to pass.

e Hysteresis Maximum - The maximum value the difference between the actual turn on and
turn off input voltage can be in order to pass.

e Enable Quality Monitor on this measurement — check this box to enable Quality Monitor data
collection on the measurement.

e Quality Monitor... — press this button to display the Quality Monitor properties. Please refer
to the Quality Monitor reference manual for further details.

¥ UnderVoltage Lockout Test Parameters g|

Irupwst T Measurement ]

" Usze Digital Signal

Measured Walue Setup

Measurement Yector |Chn Dz j Chaninel | J
Charinel |Vuu’[ j Threshald ’7
Rance |1 0% P_?sn W Digital State at Turn On ’—_|
Turn ©n Threshald |8I3% W |2_DI:|D W
Turn Off Threshold |5|3% ¥ |1 500

924 | Cancel ‘

e Use Measured Value — If this radio button is selected, the UUT Turn On/Turn Off will be
based on a voltage measurement taken from the designated output channel.

e Use Digital Signal — If this radio button is selected, the UUT Turn On/Turn Off will be based
on the state of a Digital Signal.

| VvV /& ] ]
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Measurement Vector — The measurement vector that will be used to take the measurement.

Measurement Channel — The output channel that will be measured in order to determine
whether the UUT is on or off.

Range — The measurement range.
Turn On Threshold — The voltage at which the UUT is considered to be on.
Turn Off Threshold — The voltage at which the UUT is considered to be off.

Digital Channel — The digital channel that will be measured in order to determine whether
the UUT is on or off.

Digital Threshold — The voltage at which the digital signal is considered to be High or Low.

Digital State at Turn On — This determines whether the UUT is considered to be on at a High
or Low digital signal. The State at Turn Off will be the opposite.

33.4 Sequence

The load, source, digital and analog vectors defined by the program are applied to the tester
hardware before the test routine sequence is initiated.

1)
2)
3)
4)
5)

6)
7)
8)
9)

Determine whether we are ramping up or down (looking for Turn On or Turn Off).

Set the input voltage for each ramp step (starting with Start V).

Delay.

Take a measurement from the UUT using either a voltage measurement or a digital signal.

Use the measurement to determine if the UUT has turn on/turned off. If so, log the input
voltage at this ramp step, and stop ramping.

Ramp the opposite way we just ramped, and look for the opposite state.
Repeat steps 2 - 5.

Log the Turn On Voltage.

Log the Turn Off Voltage.

10) Calculate and log the Hysteresis if requested.

11) Check for faults and log them as necessary
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34. UUT COMMUNICATIONS TEST

34.1 Description

The UUT Communications test routine provides the ability to communicate with the UUT during
the test program execution. The routine can be used to verify the UUT status, internal
measurement circuitry, serial number / configuration information, etc.

The test routine uses the properties of the selected UUT Communications object to control the
flow of the test. As these communications objects differ in operation the flow of the test varies
accordingly. Please refer to the appropriate UUT communications object reference manual for
further details.

34.2 Method

The test begins by initializing the communications object with the test parameters and instructing
the object to perform the desired communication. All control, data collection and validation of
any return data is performed by the communications object. Again, please refer to the
appropriate UUT communications object reference manual for further details. Pass or fail status
is retrieved from the object and the result is logged to the datalog devices.

34.3 Test Routine Properties

# UUT Communications Test Parame. .. g

Communications: UUT Cormmunications ﬂ

[aci J

e Communications — select the desired UUT communication object from the drop-down list
and press the ellipsis button for communications test parameters. Please refer to the
appropriate UUT communications object reference manual for further details. The edit field
to the left of the ellipsis button reflects the communications string to be sent to the UUT.
The data may be entered here, or in the appropriate field in the UUT communications object.

34.4 Sequence

The load, source, digital and analog vectors defined by the program are applied to the tester
hardware before the test routine sequence is initiated.

12) Load the communication object test parameters

13) Instruct the communication object to perform the test

14) Retrieve the pass/fail status and returned value (if applicable)
15) Log the result

| VvV /& ] ]
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16) Check for faults and log them as necessary
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35. VI CHART TEST

35.1 Description

As an aid to design engineers, emPower “ includes a Voltage-Current (V1) charting test routine
that can be used to verify the integrity of their designs. With the VI Chart test routine, you can
graph the regulation of your UUT output while ramping the current (in Constant Current mode)
from minimum to maximum loading, and then switch to ramp the voltage (in Constant VVoltage
mode) down to zero. Ramp parameters and measurement setups are easily entered via a step-by-
step wizard, and a chart is automatically generated and logged. A tolerance array can be defined
to ensure that the UUT remains in regulation during the entire test.

35.2 Method

While one or more stimulus parameters are ramped, measurements are taken and logged. This
procedure can be repeated for multiple vector baselines. Once the data has been collected a chart
is created and logged. The test routine returns a “Pass” if the data was collected successfully and
every measurement is within the values defined by the tolerance array.

35.3 Test Routine Properties

# VI Chart Ramp X
Ramp Instructions Ramp Sequence ]

Step 1:

A Ramp Sequence is a group of vector Ramp Sequences

ramps and measurements.

When one Ramp Sequence is
complete, or when a specified condition
is met, the next ramp sequence will

start.
Click ‘Add Mew' to set up a new Ramp Add New | |
Sequence.

| Mext = | Cancel |

e Add New — add a new ramp sequence. Each sequence provides for multiple ramp and
measurement parameters. Up to two sequences can be defined.

e Edit — modify the currently selected ramp sequence.

e Remove — delete the currently selected ramp sequence from the list of sequences.

| VvV /& ] ]
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35.3.1 Ramp Parameters

£ Setup Ramp Sequence E|
Description:  |Vout Current Ramp Delay before Ramp Sequence 0.000S
Step 2:
Define the ramp by entering the desired Ramp Parameters 1 Measurements
values into the Ramp Parameters fields.
Wumber of Steps: |20 1=t Step Delay: |10.000 mS Subsequent Step Delay: |10.000 mS
You may choose to ramp one or more i ? ! i ? ¥
Input or Qutput conditions, and the ramps
can increment andior decrement. Mo Erseot l
The Step Delay is performed after all Channel to ramp: |\'r“'”t j [V LIa0e ons = ¥ okaos Toae S smooth
the ramp transition

defined ramp parameters have been set, o B i ]C i
but befare any measurements are made. SEESEE ] e cv Offset: [20.000 mv [ 20.000 mv

Ramp Values

{* Define Ramp Start |D%A | 0.000 A

Ramp End: [100% A |  toooa

Step Size: 50.000 ma

" Load ramp values from a file:

v U=ze meazured ramp 2tep value for waveform plotting

IMeasurement: | Current ﬂ
IMeasurement Range: [110% A 1.100 A
Add a new parameter Remove current parameter |
0K | Cancel |

e Description — the text in this field is used to describe the ramp sequence, and is placed in the
list of ramp definitions on the previous screen.

e Delay before Ramp Sequence — this delay occurs before the ramp sequence is begun. Use
this value to program a delay between two ramp sequences.

e Number of Steps — the number of steps to take when ramping from the start value to the end
value. This also indicates the number of measurements taken during the test.

o 1% Step Delay - this delay will be applied after the first ramp value has been set.

e Subsequent Step Delay — this delay will be applied between each of the ramp steps beginning
with the second step.

e Channel to ramp — the load or source channel to ramp

e Ramp Parameter — the parameter of the channel to ramp. Selections include voltage, current,
frequency, etc.

e Enable Constant Voltage mode to smooth the ramp transition — when the load hardware
supports it, this feature will allow you to program a Constant VVoltage value in addition to the
selected ramp parameter. The load measures the voltage, and the CV value is set to this
measured value minus the stated CV Offset. Use this feature to smooth the transition into
CV mode when the next ramp sequence will ramp voltage.
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e CV Offset — a voltage value that will be subtracted from the measured voltage when Constant
Voltage smoothing is enabled. The voltage is measured at each ramp step and readjusted
accordingly.

e Start at Previously Measured Value — when selected, the initial value of the ramp will be the
value of last measurement specified in the dropdown list. You can alter this initial value by
subtracting an offset, so the initial ramp value is less than the previous measurement.

e Define Ramp Start — the initial value of the ramp parameter.
e Ramp End - the final value of the ramp parameter.

e Load ramp values from a file — when this option is selected, the ramp values are read from a
comma-separated or white-space delimited text file. This allows a non-algorithmic ramp to
be defined. The text file simply contains values (0.000, 1.500, 2.250 etc.) — the units
correspond to the selected “Ramp Parameter”. Note: any unrecognized values will be set to
zero at run-time.

e Use measured ramp step value for waveform plotting — when selected, the ramp value will be
measured using the specified measurement vector and used to create the chart waveform.
Normally, the programmed ramp value is plotted.

e Measurement — the measurement vector used to measure the ramp step. It should correspond
to the Ramp Parameter type.

e Measurement Range — this is the maximum expected measured value for the ramp step. The
value may be entered either as a value or a percentage of a channel reference. The
appropriate reference is automatically selected based on the measurement vector entry. In
the example above, the “Vout” Reference Current value will be used.

e Add a new parameter — press this button to create an additional ramp parameter. You may
add as many ramp parameters as you wish.

e Remove current parameter — press this button to delete the currently displayed ramp
parameter.
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35.3.2 Measurements

£ Setup Ramp Sequence E|
De=cription: J‘ufuut Current Ramp Delay before Ramp Sequence 0.000 S
Step 2a
For each ramp step, the measurements Ramp Parameters T Measurements
defined by the Measurements fields are
taken. I~ Move to Next Ramp Seguence Only if ALL Measurement Conditions are met. Delay before Meazurement: |100.000 m3
Vout Voltage ]
The combination of stepping the ramp and
taking measurements is performed until [ Auto Describe i |
the ramp runs to completion, or a
specified condition is met. [v Collect data on this channel

Specification Tolerance

Ch .
Each ofthe measurements taken will be his |""r°"'t j [V Check measured value against Tolerance Array
logged. Measurement: Voltage
| it j (The Tolerance Array can be defined during Chart Setup)
Ieasurement Range: [110% v | ss00v

The tolerance of each measurement will
be compared to the tolerance array, if [~ Graph thiz meazurement logarithmically

desired. Setup Condition
The tolerance array can be defined at the [v Determine if measurement meets a condition
time of chart setup. {* Less Than Reference Value
Measured Value (" Equalz 95% V |95% W (Initialy Initial Meagurement j
(" Greater Than
Add a new measurement t t |
Action to take after meazurements are taken
If meazurement paszes specification... If meazurement failz gpecification...
...and doe=n't mest condition |Cu|'|ti|1|_|e Ramping j ..and doesn't mest condition |Aburt'|'55t (Stop Ramp) j
...and does meet condition |Next Ramp Sequence ﬂ ...and does meet condition |Fﬂi|_iegt (Stop Ramp) ﬂ
[ ok | cancel |

e Move to Next Ramp Sequence Only if ALL Measurement Conditions are met —
measurements are taken during each step of the ramp, and continue until the ramp ends or a
measurement is above, below or equal to a specified value (i.e., a “condition”). Select this
box to continue ramping until conditions are met on all specified measurements.

e Delay before Measurement — this delay occurs before any of the measurements are taken, but
after the Constant VVoltage transition smoothing value has been set.

e Auto Describe — if checked, the measurement is described by combining the name of the
channel to be measured with the measurement function. If unchecked, the user is prompted
to provide a description of this measurement.

e Collect data on this channel — check this box to take a measurement of this channel and
collect the corresponding data.

e Channel — defines the channel to use when making the measurement. Choose from any of
the defined Inputs or Outputs.

e Measurement — the measurement vector that will be used to take the measurement. Note that
this must be a DMM-type measurement vector.

e Measurement Range — this is the maximum expected measured value. The value may be
entered either as a value or a percentage of a channel reference. The appropriate reference is
automatically selected based on the measurement vector entry. In the example above, the
“Vout” Reference Voltage value will be used.
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e Graph this measurement logarithmically — selecting this option causes the measurement to be
plotted on a logarithmic scale instead of a linear scale.

e Check measured value against Tolerance Array — the tolerance array allows you to specify a
bounding shape for the measurements. If any measurement is outside of this boundary the
test will fail. See 35.3.6 Setup Tolerance Array.

e Determine if measurement meets a condition — each measurement can be tested to see that it
is less than, equal or greater than a specified value. When this test is “true”, the condition is
deemed to be met. You can alter control of the ramp based on the “condition” of each
measurement.

e Reference Value - if the “condition” value is entered as a percentage, you can choose the
method used to translate the percentage into a numeric value. Select from the channel
reference, the first measurement, or none. If “none” is selected, be sure to enter a numeric
value into the “condition” field. Note: it does not matter which translation method is selected
when a numeric value is entered into the “condition” field because it is not used.

e Add a new measurement — press this button to add a new measurement and associated tab to
the test routine.

e Remove current measurement — press this button to remove the currently selected
measurement from the test routine. Once this button is pressed the measurement data is lost
and cannot be recovered.

e Action to take after measurements are taken — use these fields to control how the ramp is
executed based on the measurement results. The measurement passes or fails “specification”
based on how it compares to the Tolerance Array. The measurement meets or does not meet
“condition” based on how it compares to the Setup Condition value.

[
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35.3.3 Vectors

]

£ VI Chart Ramp

Ramp Instructions
Vectors
Step 3:
off .
The ramp and measurement )
w| Low Line
parameters you defined can be Narm Li
repeated using various vectors as v Nom Line
w| High Line W

baseline settings.

59"?!31 the vectors you wish to U_SE when The vectors will be applied in this order {top to bottom):
running the ramp. The ramp will be

repeated for each vector selected. Low Lins ’.
Mom Line
. High Line

Selected vectors are placed in the lower “

list where you can choose their

execution order by maoving them with the
arrow buttons Delay after setting vector: 0.000 5

If you do not select any vectors from the [ Generate separate image files for each vector

list the ramp will be run one time.

= Badk | Meaxt = | Cancel

e (Check boxes) — place a check next to each vector that you would like to use when repeating
the ramp (as defined in the previous pages). In this example, the ramp will be repeated three
times.

e (Sorting list) — use the arrows to define the order you wish to run the vectors. In this
example, the ramp will be run at “Low Line” first, then repeated for “Nom Line”, and finally
executed once more with the “High Line” vector applied. Data is collected for each vector.

o Delay after setting vector — the amount of time to delay between each vector setting before
repeating the ramp definition.

e Generate separate image files for each vector — by default, a single image file containing all
the collected data is created at the end of the test routine. By checking this box the test
routine will generate separate images containing only the corresponding measurement data
for each vector selected.

[
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35.3.4 Datalog

£ VI Chart Ramp X
Ramp Instructions Datalog ]

Step 4:

Once the ramp has completed, the |v Automatically oreate chart file name

results are datalogged along with their |
appropriate chars.
| Create a bitmap image instead of a compressed JPG image
Press "Customize chart...” to customize

the chart generated by this routine. Custormize chart. |

Press "Setup Tolerance Array.." to setup
a Tolerance Array and preview the chart. Setup Tolerance Amay... |

= Badk | Finish | Cancel |

e Automatically create chart file name — this selection determines whether chart image files
generated during this test are managed automatically or if you will choose the file and path
information. If you choose to manage the file naming, you must enter a file name in the text
field provided.

e Create a bitmap image instead of a compressed JPG image — choose the desired image
format. Bitmaps create clear images, but require a larger amount of disc space; JPG files are
smaller, but can suffer from image blurring due to the compression algorithm.

e Customize chart... — the test routine will automatically generate a chart containing all the
collected information. Press this button to customize the appearance of the chart to suit your
needs. Refer to section 35.3.5 Charting Options, for detailed help on chart customization.

e Setup Tolerance Array... - use this option to define the tolerance boundary shape and values.
Refer to section 35.3.6 Setup Tolerance Array, for detailed help.

[
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35.3.5 Charting Options

Add to . o e Draw | Auto " Major | Minor | Line
Scale Data Chart Caption Color Position | Caption Font | Scale Font Grid Seale Min | Max Units | Div's | Width
X Axiz zcale elements
Vout ¥ Jvout Cument - = |#eisle Regular Arial2 Regulsr 1] oW |0 1 0 1 1
Y Axiz scale elements
Vout Voltage ¥ |VoutVoltage - | sl B Regulsr Asial 8, Regular — = |o 5 0 1 1
5 Add to Line
Measurement Points Chart Legend ‘ Color Symbaol | Width
¥ Axiz messurement elementzs
Vout Voltage ¥ Jvoutvaltage - Box - | 1 |
Legend Caption [T Smooth plot lines
[v Create Legend |Exti.'nsl ﬂ [ Chart Width: [B00 Height: [400
Font.. Asial 8, Regular Placement: | Top - Font.. | [arial,10,Bold ! oK | Cancel |

e Scale Data — the ramp parameters are charted along the X-axis, while the measurement
parameters are charted on the Y-axis. This section is used to configure the X and Y scales.
Each scale entry can be customized as follows:

0 Add to Chart — check this box to include this scale data on the chart.
o Caption — this text is used to describe the scale.

0 Color — defines the color of the text and gridlines. Click on the field to select a new
color.

o Position — the position on the chart. X-axis scale data can be placed on the top or bottom,
while Y-axis scale data can be placed left or right of the chart data.

o Caption Font — the font face, size and effects used for the caption text. Click on the field
to select a new font. Note: font color is controlled by the corresponding scale color field.

0 Scale Font — the font face, size and effects used for the scale numeric data. Click on the
field to select a new font. Note: font color is controlled by the corresponding scale color
field.

o0 Draw Grid — check this box to include the gridlines in the chart image — vertical for X-
axis data, and horizontal for Y-axis data.

0 Auto Scale - if this option is checked, the minimum and maximum scale values are
generated from the collected data. If the checkbox is cleared the “Min” and “Max” fields
are used.

0 Min —the minimum scale data. Only used if “Auto Scale” if false. Data points charted
below this value will be clipped.

0 Max - the maximum scale data. Only used if “Auto Scale” is false. Data points charted
above this value will be clipped.
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0 Major Units — used to define the number of major divisions within the chart data. The
divisions will be drawn from “Min” to “Max”, with this field used as an increment value.
Use “0” to allow the software to automatically determine the optimal number of
divisions. Gridlines are drawn at these positions if “Draw Grid” is enabled.

0 Minor Div’s — used to define the number of minor divisions within each major division.
Gridlines are drawn at these positions if “Draw Grid” is enabled.

0 Line Width — the width of the grid lines in hundredths of an inch. “100” will draw a line
1 inch thick; “25” will draw a line ¥ inch thick.

e Measurement Points — these are the data points collected during the test run. If more than
one Vector was selected each Y-axis block will be repeated as necessary:

0 Add to Chart — check this box to plot the data on the chart.
0 Legend - if a legend is drawn, this text is used to describe the data.

0 Color - defines the color of the symbols and interconnecting lines. Click on the field to
select a new color.

Symbol - selects the symbol that will be drawn at every plotted data point.

Line Width — the width of the plot line in hundredths of an inch. “100” will draw a line 1
inch thick; “25” will draw a line ¥ inch thick.

e Create Legend — check this box to include a legend area within the chart image. Use the
dropdown list to select the position of the legend. All positions are within the graph area and
will obscure the plot and grid lines. Select “External” to have the legend drawn outside (and
to the right) of the chart.

e Legend Font — the font face, size and effects used for the legend. The color of the font will
correspond to the scale and plot data colors.

e Caption — defines the title of the chart.
e Caption placement — specifies the placement of the chart caption.
e Caption Font — the font face, size and effects used for the caption.

e Caption Font Color — press the colored box next to the caption font to select the desired font
color.

e Smooth plot lines — check this box to draw smooth data point interconnection lines instead of
straight lines.

e Width — specifies the recommended width of the image. If the software is unable to create
the image as defined because of a lack of image space it will attempt to increase the width as
necessary up to twice this value.

e Height — specifies the height of the image.

[
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35.3.6 Setup Tolerance Array

¥ Setup Tolerance Arrays

Minimum Tolerance Array Maximum Tolerance Array
Caption: |r.1inimum Tolerance Caption: |r.1aximum Tolerance
Color: | Line Width: |5 Color: [l Line Width: |5
Symbol:  |No Symbol -] Symbol:  [No Symbol -]
W A L
1 |4 0 i |55 0
2 |4 4 2 |54 5.2
i N 3 3 |05 5.2
4 [0.25 0 4 [0 1]
5 5
[ G
7 Fi
3 8
9 9
10 10
Requlation
3]
[T)
E B A P D R, P T Rl A R
= /
£ /
2 ¥ i
g )
£
o J
i e f
0
0 1 2 3 4 5
Output Current (ADC)

Once all Low and High Line Tolerance
Arrays are entered, press the button
below to automatically create abzolute
limitz for tolerance te=sting.
Clo=e Shape
Connected Tolerance Array
v A

1 |55 0

Z2 |54 5.2

3 |05 5.2

4 |0 0

£ [0.25 0

6 |1 3

7 |4 4

g |4 i}

9 |55 0

10

11

12

13

14

15

16

17

18

19

20

Ok Cancel

e Minimum and Maximum Tolerance Array — these fields specify limit lines that define the
shape of the tolerance array. Each tolerance array entry can be customized as follows:

o Caption — text that describes the tolerance array line. This text will be placed in the

legend.

Color — press the colored box to select the desired line color.

Line Width — the width of the tolerance line in hundredths of an inch. “100” will draw a
line 1 inch thick; “25” will draw a line ¥ inch thick.

Symbol - selects the symbol that will be drawn at every line segment point.

V and A —the V and A fields specify limit line segments that define the shape of the
tolerance array. Each entry defines an X-Y point within the graph, and lines are drawn to
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connect the points. The minimum and maximum limit lines can each contain up to 10
points (9 line segments).

e Close Shape — press this button once you have defined both the minimum and maximum line
limits or any time you adjust either of the tolerance line segments. This will close the “gaps”
in the tolerance array, creating a closed shape. Measurements that land outside this shape
will fail the “specification” test. Additionally, if consecutive measurements land inside the
shape, but the line between them ventures outside the borders (i.e., “cuts the corner”), the
specification test will fail.

35.4 Sequence

The load, source, digital and analog vectors defined by the program are applied to the tester
hardware before the test routine sequence is initiated.

1) For each Vector defined on the “Vector” tab (performed once if no vectors are selected)
a) For each Ramp Sequence
1) Set the Ramp Parameters to the “Start” values
i) Make the measurements defined on the “Measurement” tab.

iii) Increment the Ramp Parameter values by the “Step Size” and make the
measurements. Repeat this for the number of steps defined.

2) Create the chart(s).
3) Check for faults and log them as necessary

[
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35.5 Example

The following example will generate a Regulation report. The VI Chart test will be used to ramp
Vout current from OA to 1.0A in Constant Current mode, and then switch to Constant VVoltage
mode to force the output down to 0.5V. The unit will be tested at Low Line, Nom Line and High
Line input settings.

35.5.1 Ramp Parameters — Current Ramp Sequence

The first step is to define the Current ramp. According to our example definition, we want to
ramp Vout current from 0A to 1.0A. Review the figure below to be sure you understand the
steps required to program the ramp. The choice of 20 ramp steps was arbitrary; increasing the
step count will give you finer resolution in your graph, while decreasing the count will speed
data collection. We set a step delay to allow the current change to settle before beginning the
measurements.

i Setup Ramp Sequence

Description:  |Vout Current Ramp Delay before Ramp Sequence  [0.0005
Step 2:
Define the ramp by entering the desired Ramp Parameters T SEEL R
values into the Ramp Parameters fields.

Mumber of Stepe: |20 12t Step Delay: |10.000 m3 Subsequent Step Delay: |10.000 mS
¥ou may choose to ramp one or more 3 P oA £q p ¥,

Input or Output conditions, and the ramps

can increment and/or decrement. BORb l
The Step Delay is performed after all Channel to ramp: |“'rc'”t j Li0E Copeen. Vokaos Booe S Smooi
the ramp transition
defined ramp parameters have been set, 4 P nine IC £ ﬂ
but before any measurements are made. CRECETEE ) e [ |
Ramp Values
c smi e | =] e et o2
(+ Define Ramp Start 0% A [ ooooa
Ramp End: [100% A | t1oo0a
Step Size: 50,000 mA
" Load ramp values from a file:
I Use measured ramp step value for waveform plotting
IMeasurement: I J
Measurement Range: |
Add a new parameter Remove current parameter |
0K | Cancel |
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35.5.2 Measurements — Current Ramp Sequence

Since we’re ramping current, we need to verify the output voltage at each step. We’ll want to
ensure our output stays within tolerance, so select the “Check measured value against Tolerance
Array” option.

Additionally, we’ll want to end our Constant Current ramp once the output voltage drops below
our regulation specification. This will be our “condition” to determine whether to continue the
current ramp or jump to the next ramp sequence. In this example, if the UUT drops below 5% of
the initial measurement we want to begin the Constant VVoltage sequence. Review the figure
below to be sure you understand the steps required to program the ramp measurements.

£ Setup Ramp Sequence

Description: J‘u‘uut Current Ramp Delay before Ramp Sequence 0.000 5
Step 2a
For each ramp step, the measurements SRR | Measurements
defined by the Measurements fields are
taken. I~ Move to Next Ramp Sequence Only if ALL Meazurement Conditions are met. Delay before Measurement: |0.000 3

Vout Voltage ]
The combination of stepping the ramp and

taking measurements is performed until [ Auto Describe i J
the ramp runs to completion, or a
specified condition is met. [v Collect data on this channel

o I Specification Tolerance

annel:
Each ofthe measurements taken will be |""r°"'t j [V Check measured value against Tolerance Array
logged. Measurement: Vot
| st j (The Tolerance Array can be defined during Chart Setup)
Ieasurement Range: [110% v | ss00v

The tolerance of each measurement will
be compared to the tolerance array, if [~ Graph this meagurement logarithmically

desired. Setup Condition
The tolerance array can be defined atthe v Determine if measurement meets a condiion
time of chart setup. {* Less Than Reference Value

Measured Value (" Equals 95% V' |95% W (Inttialy Initial Measurement j
(" Greater Than

Add a new measurement t . t |

Action to take after meazurements are taken

If meazurement paszes specification... If meazurement failz gpecification...
...and dog=nt meet condition |Cu|'|ti|1|_|e Ramping j ...and doesnt meet condition |Cu|'|ti|'||_|e Ramping j
...and does meet condition |Nsxt Ramp Sequence ﬂ ...and does meet condition |Nsx‘t Ramp Sequence ﬂ

(61,4 | Cancel |
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35.5.3 Ramp Parameters — VVoltage Ramp Sequence

The next step is to define the VVoltage ramp. According to our example definition, we want to
ramp Vout voltage down to 0.5V. Since the output voltage has been dropping due to the
increased current demand of the Current ramp sequence, we’ll want the Voltage ramp to begin
where the Current ramp left off — select the “Start at Previous Measured Value” option and
choose the Vout Voltage measurement.

Review the figure below to be sure you understand the steps required to program the ramp.
Again, the choice of 20 ramp steps was arbitrary; increasing the step count will give you finer
resolution in your graph, while decreasing the count will speed data collection. We set a step
delay to allow the voltage change to settle before beginning the measurements.

i Setup Ramp Sequence

Description:  |Vout Voltage Ramp Delay before Ramp Sequence  [0.0005
Step 2:
Define the ramp by entering the desired Ramp Parameters T SEEL R
values into the Ramp Parameters fields.

Mumber of Stepe: |20 12t Step Delay: |100.000 m3 Subsequent Step Delay: [100.000 mS
¥ou may choose to ramp one or more 3 P oA £q p ¥,

Input or Output conditions, and the ramps

can increment and/or decrement. Vout Voltage ]
The Step Delayis performed after all Channel to ramp: |‘u’uut j = Enable CIJI'IStﬂI_'I? Voltage mode to smooth
the ramp transition

defined ramp parameters have been set, 4 Sl I J

but before any measurements are made. TS SR [ |
Ramp Values
+ Start at Previous Measursd Value |‘u‘uut Voltage - Voltage j minus offzet of: {0000 W
" Define Ramp Start | [ so00v 0.000 V
Ramp End: |500.000 mv | 500.000 mv
Step Size: Ni&

" Load ramp values from a file:

I Use measured ramp step value for waveform plotting

IMeasurement: I J

Measurement Range: |

Add a new parameter Remove current parameter |
0K | Cancel |
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35.5.4 Measurements — Voltage Ramp Sequence

Since we’re ramping voltage, we need to measure the output current at each step. We’ll want to
ensure our output stays within tolerance, so select the “Check measured value against Tolerance
Array” option.

In this case, we’ll want to continue the Voltage ramp down to our desired 0.5V regardless of
what the output does, therefore we do not need to provide a “condition” value. Review the
figure below to be sure you understand the steps required to program the ramp measurements.

£ Setup Ramp Sequence g|
Description: J‘u‘uut Voltage Ramp Delay before Ramp Sequence 0.000 5
Step 2a
For each ramp step, the measurements Ramp Parameters T Measurements
defined by the Measurements fields are
taken. = I i Tif { : ; =ic} t Delay before Measurement: |0.000 S

Vout Current l
The combination of stepping the ramp and

taking measurements is performed until ¥ Auto Dezcribe | J
the ramp runs to completion, or a
specified condition is met. [v Collect data on this channel
o I Specification Tolerance
annel:
Each ofthe measurements taken will be |""r°"'t j [V Check measured value against Tolerance Array
logged. Measurement: I t
| Hren j (The Tolerance Array can be defined during Chart Setup)
The tolerance of each measurement will Mossuremed Hayde [110% A | 11004
be compared to the tolerance array, if [~ Graph this meagurement logarithmically
desired. Setup Condition
The tolerance array can be defined atthe [™ Determine if measurement meets a condition
time of chart setup. = Le } Reference Value
Measured Value EhiE J

-

Add a new measurement e : |

Action to take after meazurements are taken

If meazurement paszes specification... If meazurement failz gpecification...
...and dog=nt meet condition |Cu|'|ti|1|_|e Ramping j ...and doesnt meet condition |Cu|'|ti|'||_|e Ramping j
...and does meet condition | J ...and does meet condition | . t (St J

(61,4 | Cancel |
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35.5.5 Vectors

According to our example definition, we want to run the ramp at Low Line, Nom Line and High
Line. We select the appropriate items in the Vector list. To ensure that the vectors will be
executed in the correct order, use the arrows to move the entries as required. We’ll set a delay to
allow the UUT to settle after each vector is applied.

If you want separate charts for each vector check the “Generate separate image files” option. For
our example we want to consolidate all three curves into one image so we leave the box
unchecked.

£ VI Chart Ramp x|
Ramp Instructions pr— ]
Step 3
The ramp and measurement off _ V.
parameters you defined can be vl Low Line
repeated using various vectors as w]| Nom Line
w| High Line 3

baseline settings.

Select the vectors you wish to use when

; . The vectors will be applied in this order {top to bottom):
running the ramp. The ramp will be

repeated for each vector selected. Low Line 3
Nom Line —_—

. High Line
Selected vectors are placed in the lower ,‘

listwhere you can choose their

execution arder by moving them with the
arrow buttons Delay after setting vector: 1.000 5

If you do not select any vectors from the [T Eenerate separate image files for each vector

listthe ramp will be run ane time.

= Badk | Mext = Cancel
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35.5.6 Datalog

In this example we don’t need to do anything special with the images so we’ll let the test system
control the chart naming. However, we’ll want to customize the layout of the chart as well as
define our Tolerance Array. Begin by pressing the “Customize chart...” button.

7 VI Chart Ramp (%]
Ramp Instructions Datalog ]

Step 4:

Once the ramp has completed, the [v Auvtomatically oreate chart file name

results are datalogged along with their |
appropriate charts.
[ Create a bitmap image instead of a compressed JPG image
Fress "Customize chart..” to customize

the chart generated by this routine. e — |

Press "Setup Tolerance Array..." to setup
a Tolerance Array and preview the chart. Setup Tolerance Amay... |

= Badk | Finish Cancel

[
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35.5.7 Charting Options

We’ll make several changes to the chart layout in order to demonstrate the flexibility of the
charting options. Let’s begin by examining the *“Y Axis scale elements” in the Scale Data (top)
section.

To make the chart look more like an oscilloscope image, we’ll select “Draw Grid” for both axes,
and split each cell into 5 sub-units by setting the “Minor Div’s” to 5.

To allow the graphing to account for possible out-of-tolerance values, we’ve extended the graph
range for both current and voltage by increasing the “Max” values. We could have selected
auto-scale to ensure that the graph always displays the values, but we wanted consistent charts
from every UUT.

We’ve also made some modifications to colors and font selections to suit our preferences.

£ Charting Options E@@
Add to = = = Draw | Auto : Major | Minor | Line
Scale Data Chart Caption Caolor Paosition | Caption Font | Scale Font Grid Seale Min | Max Units | Div's | Width
X Axiz zcale elements
Vout ¥ Jvout Cument - = |Arial,2,Bold Arial2 Regulsr i oW |0 12 |o 5 1
Y Axiz scale elements
Vout Voltage ¥ |VoutVoltage -  |Arial,3,Bold Asial 8, Regular I = |o 8 0 5 1
5 Add to Line
Measurement Points Chart Legend ‘ Color Symbaol | Width
¥ Axiz messurement elementz - Low Line
Vout Voltage ¥ JLowLine No Symbal Ak |
¥ Axiz messurement elementz - Nom Line
Vout Voltage ¥ |MomLine B o symol Ak |
¥ Axiz meszurement elementz - High Line
Vout Voltage ¥ |High Line -N: Symbol - | 1 |
Legend Caption [T Smooth plot lines
[v Create Legend |L5ft ﬂ |reguistion Width: [B00 Height: [400
Font.. i;iaI.B.Hc—gulsr Flacement: | Top - Font... l._‘lnal' 16.Bold italic.Underine ! oK | Cancel |

In the “Measurement Points” section (bottom), we have options for plotting the collected data.
Since we defined the ramp to run under three vectors, we have three groups of data.

We’ve shortened the legend text, adjusted the colors and removed the symbols from the plot
lines. By placing the legend inside the graph (at the left edge), we are maximizing the graph to
fit the image width. Finally, we gave the chart an appropriate caption of “Regulation” and
adjusted the font to make it more noticeable.
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35.5.8 Setup Tolerance Arrays

We will need to create a tolerance shape that allows the UUT voltage to foldback towards 0.0V
without failing. Each tolerance limit line consists of 3 line segments, or 4 X-Y points.

# Setup Tolerance Arrays

Minir.rlurn Tolv.?lranc:e Array Ma:ci.rnum Tolerance Array fomaeie s e ] Kl e Tl
Caption: |M"'| Taol Caption: |'~1i‘-DIC Tol Arrays are entered, press the button
. O . o (TR below to automatically create abeolute
Color: Line Width: |5 Color: Line Width: |5 - .
oot J nes vior ! ne s limitz for tolerance te=sting.
Symbol:  |No Symbol -] Symbol:  [No Symbol -]
v A v A Cloze Shape
1 |45 o 1 |55 0
2 |45 0.9 2 |55 1.1 Connected Tolerance Array
3 |2 0.8 3 1.1 v A
4 |2 o 4 |05 0 1 |55 0
- s 2 |55 1.1
L] E 3 |1 1.1
i 3 4 |os 0
= 8 5 |2 0
Ll 9 6 |2 0.8
10 10 7 |45 0.9
g (45 0
Requlation 9 |55 0
g 10
11
12
A o A o o - R Gl B g R TE TR, '13,
g 4 : 14
E |
% f 15
- ?? 16
i 4
2 e | i N, 17
18
19
20
0
0.0 0.2 0.4 0E 0.8 1.0 1.2 oK cancel
Vout Current

The first point of the Minimum Tolerance line will allow the unit to provide at least 4.5V with no
current draw. The second point declares that the UUT should remain at least 4.5V from OA to
900mA. Beyond 900mA, it’s OK if the UUT voltage begins to collapse, so our final two points
extend our tolerance array back towards 0.0V.

The first point of the Maximum Tolerance line specifies that the unit should not exceed 5.5V
with no current draw. The second point declares that the UUT should never exceed 5.5V from
0A to 1.1A. The third point indicates that the output current is never expected to exceed 1.1A

[
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even as the unit is folding back. The final point defines the expected behavior as the UUT
approaches 0.0V.

Be sure to press the “Close Shape” button once the tolerance line segments are entered. Again,
you are free to choose fonts, colors and line widths according to your preferences.

35.5.9 Sample Output

Using the setup defined in the previous steps, here’s a sample of a possible chart:

Regulation
B
]
a4
@
=
£ — Mom Line
£ 3 H— HighLine
]
:-..':' — Maximum Tolerance
I e
ki
1 R —
0

oo 04 nz 03 04 ns DE nr na na 1.0 14 1.2
Vout Curremt
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36. VOLTAGE REGULATION TEST

36.1 Description

The Voltage Regulation test routine combines the capabilities of an Absolute Voltage
Regulation, a Relative Voltage Regulation and an Output VVoltage Adjustment test routine in one.
This test checks the individual outputs of the UUT and compares the measurements to either the
nominal channel voltage settings, or the actual channel voltage saved by a previous run of this
routine. This test is used for line/load regulation tests that want an absolute measurement
displayed.

In addition, the individual outputs of the UUT may be adjusted manually with a graphical display
showing the measurement and its relationship to the upper and lower tolerances.

36.2 Method

After performing the delay before reading, the measurement is taken on each enabled UUT
output. Should any adjustable output fail, the operator is presented with an adjustment screen.
After the adjustments (if any), pass or fail status is determined and the results are logged to the
datalog devices.

[
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36.3 Test Routine Properties
/ Voltage Regulation Test Parameters g|
+5 ]+12v] szav| sy |azv|+svse|

[v Perfarm tests on this channel

Waltage Measurement: |-:Im5 Do j Meazurement Options

heasurement Range: |11D%‘u‘ | 5500 W Delay before reading:  |[100.000 mS
Minimum Tolerance: |1% W | 4950 W [ Adjust all adjustable outputs on any failure
Maximum Tolerance: |1%u | 5050 W

. . . Relative comparison options
Enable Quality Moniter on this

measurement [w Compare against saved relative values

v Adjust channel if outside the following limits: [ Save measurements for relative comparisons

Adj. Minimum Tolerance: ||:|_5% W | 4875 [ Display results as a delta fram the saved values

Adj. Maximum Tolerance: ||:|.5% W | 5.025 W

Instruction Text for Adjust Screen

Instruction

Cancel

e Perform tests on this channel — check this box to take a measurement of this channel.

e Voltage Measurement — the measurement vector that will be used to take the measurement.
Note that this must be a DMM-type voltage measurement vector

e Measurement Range — this is the maximum expected measured value. The value may be
entered either as a value or a percentage of a channel reference.

e Minimum Tolerance - this is the allowable lower limit of the measured value. Measured
values less than this will cause the test routine to fail. The value may be entered either as a
value or a percentage of nominal channel voltage.

e Maximum Tolerance - this is the allowable upper limit of the measured value. Measured
values greater than this will cause the test routine to fail. The value may be entered either as
a value or a percentage of nominal channel voltage.

e Enable Quality Monitor on this measurement — check this box to enable Quality Monitor data
collection.

e Quality Monitor... — press this button to display the Quality Monitor properties. Please refer
to the Quality Monitor reference manual for further details.

e Adjust channel if outside the following limits — check this box to indicate the channel may be
adjusted if it is found to be outside the adjustment limits.
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e Adj. Minimum Tolerance - this is the allowable lower limit of the adjustment range.
Measured values less than this will cause this output to be added to the adjustment list. The
value may be entered either as a value or a percentage of nominal channel voltage.

e Adj. Maximum Tolerance - this is the allowable upper limit of the adjustment range.
Measured values greater than this will cause this output to be added to the adjustment list.
The value may be entered either as a value or a percentage of nominal channel voltage.

e Delay before reading — the amount of time you allow the UUT to settle before beginning the
measurements. Note that this delay happens once at the beginning of the routine.

e Adjust all outputs on any failure — check this box to have all the outputs included in the
graphical adjustment screen should any output need adjustment.

e Compare against saved relative values — check this box to have the routine use previously
saved values instead of the nominal channel voltage for measurement comparisons. Note
that an error is logged if the output voltage for this channel has not been previously saved. In
that case, the test will continue using the nominal channel voltage instead of the true voltage.

e Save measurements for relative comparisons — checking this selection will save the channel’s
measurement (true output voltage) for use in subsequent Relative Voltage Regulation tests.

e Display results as a delta from the saved values — check this box to have the routine display
the results as the difference of these measurements from previously saved measured values.

e Instruction Test for Adjust Screen — instructions entered in this field will be displayed on the
adjustments screen during the test. If this field is left blank, the instructions area on the
adjustments screen will not display.

36.4 Sequence

The load, source, digital and analog vectors defined by the program are applied to the tester
hardware before the test routine sequence is initiated.

1) Wait the delay before reading time

2) For each UUT output:
a) Perform the measurement
b) Evaluate the result
c) If passed, or the output is not adjustable, log the result
d) If adjustable and failed, add output to the adjustment list
e) Check for faults and log them as necessary
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3) If there were any outputs needing adjustment:

+5 W 4902
- -h -

+12 W 120338
- _‘ -

Continue I

Instruction

a) Show the adjustment screen until the operator accepts the values. The test will pass as
long as all measurements are in the yellow or green area of the adjustment scale. The
green area is defined by the “Adj. Minimum/Maximum Tolerance” parameters, while the
yellow area is defined by the “Minimum/Maximum Tolerance” parameters

b) Evaluate and log the results
c) Check for faults and log them as necessary
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37. VOLTAGE REGULATION (ENHANCED) TEST

37.1 Description

The Voltage Regulation (Enhanced) test routine is just what is says — an enhanced version of the
original VVoltage Regulation test. The major difference between the two routines lies in the
handling of the Tolerance fields. In the original test, the Minimum Tolerance value is always
subtracted from the nominal value, while the Maximum Tolerance value is always added,
keeping the minimum and maximum tolerance values surrounding the expected nominal. This
can cause difficulties when the expected value rises above or below nominal, and the
programmer wants to enter values that both fall on the same side as nominal.

This enhanced version relies on the sign of the entered value to determine whether the tolerance
should be subtracted or added from the nominal. With this change you enter negative minimum
tolerance values and positive maximum values to surround the nominal value.

Let’s say you apply a trim input to your supply, causing it to rise above nominal. You can now
enter positive minimum and maximum tolerances to surround the new expected value. If the unit
is trimmed low, you can enter negative minimum and maximum values.

The other change is that a new Relative Comparison option is introduced with this test — you can
now display the results of the comparison as a percentage of error from the saved values.

In all other respects the routines remain the same.

This test combines the capabilities of an Absolute VVoltage Regulation, a Relative Voltage
Regulation and an Output VVoltage Adjustment test routine in one. This test checks the individual
outputs of the UUT and compares the measurements to either the nominal channel voltage
settings, or the actual channel voltage saved by a previous run of this routine. This test is used
for line/load regulation tests that want an absolute measurement displayed.

In addition, the individual outputs of the UUT may be adjusted manually with a graphical display
showing the measurement and its relationship to the upper and lower tolerances.

37.2 Method

After performing the delay before reading, the measurement is taken on each enabled UUT
output. Should any adjustable output fail, the operator is presented with an adjustment screen.
After the adjustments (if any), pass or fail status is determined and the results are logged to the
datalog devices.
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37.3 Test Routine Properties

/ Voltage Regulation Test Parameters g|

[v Perfarm tests on this channel

Waltage Measurement: |-:Im5 Do j Meazurement Options

heasurement Range: |11D%‘u‘ | 5500 W Delay before reading:  |[100.000 mS
Minimum Tolerance: |.1% W | 4950 W [ Adjust all adjustable outputs on any failure
Maximum Tolerance: |1%u | 5050 W

. . . Relative comparison options
Enable Quality Moniter on this

measurement [w Compare against saved relative values

v Adjust channel if outside the following limits: [ Save measurements for relative comparisons

Adj. Minimum Tolerance: |.|:|_5% W | 4875 [ Display results as a delta fram the saved values

Adj. Maximum Talerance: |I:I.5% i | 5.025 W [ Display results as a percentage of ermar

Instruction Text for Adjust Screen

Instruction

Ok Cancel

e Perform tests on this channel — check this box to take a measurement of this channel.

e Voltage Measurement — the measurement vector that will be used to take the measurement.
Note that this must be a DMM-type voltage measurement vector

e Measurement Range — this is the maximum expected measured value. The value may be
entered either as a value or a percentage of a channel reference.

e Minimum Tolerance - this is the allowable lower limit of the measured value. Measured
values less than this will cause the test routine to fail. The value may be entered either as a
value or a percentage of nominal channel voltage.

e Maximum Tolerance - this is the allowable upper limit of the measured value. Measured
values greater than this will cause the test routine to fail. The value may be entered either as
a value or a percentage of nominal channel voltage.

e Enable Quality Monitor on this measurement — check this box to enable Quality Monitor data
collection.

e Quality Monitor... — press this button to display the Quality Monitor properties. Please refer
to the Quality Monitor reference manual for further details.

e Adjust channel if outside the following limits — check this box to indicate the channel may be
adjusted if it is found to be outside the adjustment limits.
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e Adj. Minimum Tolerance - this is the allowable lower limit of the adjustment range.
Measured values less than this will cause this output to be added to the adjustment list. The
value may be entered either as a value or a percentage of nominal channel voltage.

e Adj. Maximum Tolerance - this is the allowable upper limit of the adjustment range.
Measured values greater than this will cause this output to be added to the adjustment list.
The value may be entered either as a value or a percentage of nominal channel voltage.

e Delay before reading — the amount of time you allow the UUT to settle before beginning the
measurements. Note that this delay happens once at the beginning of the routine.

e Adjust all outputs on any failure — check this box to have all the outputs included in the
graphical adjustment screen should any output need adjustment.

e Compare against saved relative values — check this box to have the routine use previously
saved values instead of the nominal channel voltage for measurement comparisons. Note
that an error is logged if the output voltage for this channel has not been previously saved. In
that case, the test will continue using the nominal channel voltage instead of the true voltage.

e Save measurements for relative comparisons — checking this selection will save the channel’s
measurement (true output voltage) for use in subsequent Relative Voltage Regulation tests.

e Display results as a delta from the saved values — check this box to have the routine display
the results as the difference of these measurements from previously saved measured values.

e Display results as a percentage of error — check this box to have the routine display the
results as the percentage difference of these measurements from the previously saved values.

e Instruction Test for Adjust Screen — instructions entered in this field will be displayed on the
adjustments screen during the test. If this field is left blank, the instructions area on the
adjustments screen will not display.

37.4 Sequence

The load, source, digital and analog vectors defined by the program are applied to the tester
hardware before the test routine sequence is initiated.

4) Wait the delay before reading time

5) For each UUT output:
a) Perform the measurement
b) Evaluate the result
c) If passed, or the output is not adjustable, log the result
d) If adjustable and failed, add output to the adjustment list
e) Check for faults and log them as necessary
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6) If there were any outputs needing adjustment:

+5 W 4902
- -h -

+12 W 120338
- _‘ -

Continue I

Instruction

a) Show the adjustment screen until the operator accepts the values. The test will pass as
long as all measurements are in the yellow or green area of the adjustment scale. The
green area is defined by the “Adj. Minimum/Maximum Tolerance” parameters, while the
yellow area is defined by the “Minimum/Maximum Tolerance” parameters

b) Evaluate and log the results
c) Check for faults and log them as necessary
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38. WAVEFORM TEST ROUTINE

38.1 Description

The Waveform Test Routine provides the capability to display a digitized waveform from the
selected instrument, and compute various magnitude and timing values from the captured data.
Controls and functions are very similar to those found on a multi-channel Digital Sampling
Oscilloscope (DSO). Any of the NHR hardware that supports digitizing can be used with this
test routine. Some devices are very general purpose and provide capabilities that exceed many
DSO’s (like the DMS PowerScope), others are more limited (like the AC Load).

The Waveform Test Routine is intended to be a general-purpose measurement tool much like a
DSO would be used in an engineering laboratory. The user is free to set up capture parameters
without any specific test routine constraints. Any number of the available waveform
measurements can be specified for a given data capture, as well as visual operator inspection and
verification of on-screen waveform display.

38.2 Method

At test run time, the waveform device is set up and the capture is begun. The Start Vector is
applied after the Delay Before Start VVector expires. If the Start Event Timeout expires before the
waveform trigger condition occurs, the test posts a failed status. If the trigger occurs in the
allotted time, the captured waveform is transferred to the PC for processing. Any measurement
operations are performed on captured data, pass or fail status is determined, and the result is
logged to the datalog devices.
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38.3 Test Routine Properties
From the Program entry screen, the Waveform Measurement is selected from the Test Routine

field.
/£ Waveform Test Parameters @

Wiawvefarm Crewice: |E>derna| W avefarm 2 j

Setup ]
Test Execution Mode

{# Capture awaveform and fetch the results
(" Begin a waveform capture here, and fetch the waveform data on another test step

{™ Fetch the waveform data from a capture begun on another test step

Mext = | Cancel |

The first page of the test routine parameters allows you to select the device that will be used to
capture the data. The list of available devices varies with the hardware installed. In the NHR
default naming convention, waveform devices capable of accepting input external to the digitizer
are named “External Waveform 1,” 2, etc. If the digitizer gets the input internally, the devices
are listed by the logical hardware name like “AC Load 1,” “DC Load 1,” etc. These devices can
be given customized names by the user in the Configuration utility (see NH Document 09-0269).

The Test Execution Mode is selected here as well. In most cases, you will be capturing and
fetching the results in this one step. Examples of this are a noise measurement, a turn-on or turn-
off capture, and any other that requires only one system vector to achieve the condition to
capture. In those cases where you want to capture a waveform while a series of vectors are
applied, you will need to use this test routine in two steps in the test program. The first will
choose the “Begin a waveform capture here” option and the second the “Fetch the waveform
data” option.

WARNING: If you split the waveform between two steps, you CANNOT make any
measurements using the same hardware that the waveform is being captured on in between the
capture and fetch. An example would be to start a capture on the PowerScope (a DMS digitizer)
and while capturing, trying to measure a mux input (also DMS hardware).

The next page is where you setup the capture parameters and what vector, if any, you want to
apply after the capture has begun.

[
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/ Wawveform Test Parameters @

Miavefarm Dewvice: |E>e:ternal i awefarm 2 j

Start a waveform capture ]
Capture Settings

Setup Captura... | [w Awuto Dezcribe

Acquire Chn 001+ Chn O02+Fixed

Delay before start wector:  |0.000 =

Start Wectorn |ﬁNnneP j

Start Event Timeout: 0000 5

< Back

Cancel |

The “Setup Capture” button brings up the Digitizer Device virtual scope front panel control.
This panel is used to select ranges, trigger options, input coupling and termination, which
channels to enable, and which system elements to connect to the enabled channels.

The familiar DSO front panel interface (see 38.3.1 below for details) allows the multitude of
possible set up options to be presented in an intuitive way, and the “live” graphical display
allows checking the operation of the setup parameters. The Run and Force Trigger buttons allow
samples to be captured for immediate verification of range and sample rate selections if other
system signals are also “live” during test generation. A Measure button allows immediate
verification of the possible measurement operations before they are used in the run time test
program.

e Delay Before Start Vector — This time is used to delay the Start Vector from activation when
the test program enters the Waveform Test step. This may be necessary to allow other system
instruments, or the UUT, to be initialized or reach a nominal state as a result of previous
program steps. Since the Start Vector will typically invoke a trigger condition required to
capture data, the Delay Before Start VVector can be used to hold off this trigger for a fixed
time if necessary. Pre-triggering memory fill delays are determined automatically depending
on the Trigger Position selection (see below), the Delay Before Start Vector is not used for
this purpose.

e Start Vector — the vector that will initiate the measurement. The dropdown contains an entry
for every user defined Load, Source, Digital and Analog vector in the test program.

e Start Event Timeout — This time is used as a worst-case timeout value to keep the test
program from waiting indefinitely for a trigger condition or other result of the Start Vector.
As an example, if the Start Vector was UUT Power On, and the Waveform Test Trigger
Source selection was a DIN input connected to a UUT Power Good output signal, the Start
Event Timeout could be set to the greatest expected delay from UUT Turn On to Power
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Good. The timeout will keep the test from hanging indefinitely if a bad UUT never activates
Power Good. If the Start Event Timeout expires, a test failure status is logged and the test
program continues.

The following page is used to decide how to display and log test results.

/ Wawveform Test Parameters @

Miavefarm Dewvice: |E>e:ternal i awefarm 2 j

Fetch the waveform ]

iavefarm Options

| Display wawefarm in a pep-up window for oparatar verfication

-

| Suppressimage datalogging (performance increase on slow computers)

[ Save waveform data points to a fila

File Specifications

{* Automatically control files for datalogging (recommended)

(" Allow me to specify fila names and paths

< Back

e Waveform Options — These selection buttons determine whether the Scope Panel visual
waveform display appears on the operator monitor at test run time.

o If the Display waveform in a pop-up window is selected, the operator is required to select
a Pass or Fail button at run time to complete the test step.

o If the suppress image option is selected, the test will still capture and process all
measurements, but instead of displaying the measurement results AND the captured
waveform image, only the measurement results will be displayed.

o If the save waveform data points to a file is selected, the waveform sample data can be
saved to a user specified file for use with offline data analysis tools. The file is saved in
Comma Separated Variable format (CSV) for import to spreadsheet and data analysis
programs. Values of time and waveform magnitude are in floating point format with
descriptive column titles. The number of sample values and file size are determined by
the Seconds/Division setting and Acquisition Setup parameters set in the Scope Panel
(see below).

o File Specifications — These selection buttons determine whether files generated during this
test are managed automatically or if you will choose the file and path.

o If the automatic method is chosen, the system will store waveform images and data files
in the most efficient way and insure that they can be viewed at a later time using the
emPower Datalog capabilities.
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o0 If you choose to specify file names and paths for data files and images, they will be saved
in unique files for each test in addition to the version saved by the Datalog functions.
This may require significant disk storage and slow test times.

/ Wawveform Test Parameters EI

Miavefarm Dewvice: |E>e:ternal i awefarm 2 j

File Specifications ]

[ratalog File Specifications and Options

[rata paint file name: |

L

Miavefarm image file name: |

[ Modify file names with Test Infarmation field: j

< Back

Data point file name will store the .csv file with the raw waveform data.
Waveform image file name will be the .jpg image file showing the waveform image.

Modify file name with Test Information field — When enabled, a field from the Test
Information Entry form will be appended to the user entered file name. The Test Information
Entry form appears before running the test on each UUT, and is typically filled in by the test
operator. Appending an information field provides a method of tracking specific digitizer
samples to a particular UUT serial number or test pass. The number selection box
determines which of the input fields from the Test Information Entry form will be appended

to the file name.

The final page of the setup is the waveform measurement page.

New Measurement — Opens a selection form for choosing among all available measurements
that can be performed on captured data. The methods and properties for each measurement
are described below (see 38.3.5). Any number of the available measurements can be added
to a single Waveform Test, and will be represented in a tabbed list for review or
modification.

Some controls are common to all waveform tests. These are seen after a New Measurement has
been added:
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e Auto Describe — if checked, the measurement is described by combining the name of the
Waveform Channel to be measured with the measurement function (e.g. “frequency”). If
unchecked, the user is prompted to provide a description of this measurement.

e Enable Quality Monitor on this measurement — check this box to enable Quality Monitor data
collection.

e Quality Monitor... — press this button to display the Quality Monitor properties. Please refer
to the Quality Monitor Reference Manual for further details.

£ Waveform Test Parameters E|

Wiawvefarm Crewice: |Ex‘terna| W avefarm 2 j
leasurements ]

hleazurement Definitions

Mo measurements defined

Mew Measurement... Femove Measurement

Mext = Cancel

[
218 of 239 rerar€



emPower ® TEST ROUTINE REFERENCE MANUAL

38.3.1 NHR Scope Virtual Front Panel

The NHR Scope panel appearance varies slightly depending on the digitizing device selected
when the Waveform Test was created. The number of channels available and their capabilities
may vary for loads, sources, or multiplexed measurement devices, but the controls for capturing
waveform data are consistent across devices.

[ PowerScope - External Waveform 2

Rund/Stop Head Force Tng teazure |
Fun I:Ince Spectum | i

F| | b Chn |:||:|1
B4 Adiv

Chr 002 YWertical |5 Yodiv
20 dive

en Fange [~ |
Dl oocpl | accpl

b ath "WF
I s Low Pass [
‘ Digitals High Pasz [

HighZ |— 500hm
Hw/ Fiter | Full Bandwidth |

bkl Lo

Pazition | 2.4 j‘
Scale| 1.000
Uitz | Y

Nu:urm Fast
sfdiv | 20 US :I '&Cq Aeq AcgSetup | Zoom [ sy

Triqaer B Maougze Contrals Y1 Ii
Source | "WF 3 - Rizing Alta f* Zoom lei
ition | 155 - | s
Position I — Curzor 1 v Ii
Coupling| OC Coupled - Faling  Momal " Curzar 2 B¢ Ii
Lewel| 2.800% E Slope b ode Clear Curzars oy Ii

Cloze |

The scope panel can be logically divided into the same functional areas found on most Digital
Sampling Oscilloscope instruments; Display Features, Vertical Control, Horizontal Control,
Trigger Control, Acquisition Control, and Measurement Control.

38.3.1.1 Display Features

e Display Window — The virtual scope display window has ten major divisions vertically and
ten horizontally. Only eight vertical divisions are displayed in the window while the other
two are off the screen. This allows captured signals to be shifted up or down one major
division without clipping their display. Each of the ten major divisions is divided into five
minor divisions.

e Mouse Controls — Select various drag and drop operations on the display panel. When the
selector is in the default Zoom position, dragging the cursor across a part of the waveform
display will enlarge that selection to fill the entire display window (see below). The Cursor 1
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and Cursor 2 selections provide visual measurement guides, which are dragged and dropped
at waveform points on the screen. The vertical and horizontal values corresponding to the
position of the visual cursors are displayed in real time.

e Zoom Mode — When the Mouse Control selector is in the Zoom position, dragging the mouse
cursor can enlarge a portion of the waveform. This operation can be repeated multiple times
for very fine resolution within a deep memory buffer. The Zoom Mode indicator turns green
to indicate data has been magnified. The Seconds/Division control can be used for fine
resolution control in Zoom mode, and clicking on the Zoom mode indicator button will reset
the display to original resolution.

e Scope Panel Detail Control — The detail button in the upper right corner allows the Scope
Panel to be reduced to save display space.

38.3.1.2 Vertical Controls

[-1 PowerScope - External Waveform 2

Run/Stop Head Force Tng Meazure | ﬂ : |I
Fiun I:Ince S pectum |
[

gm,dnle-l lwavefom3  w||Square |

I Chr 002 Multiply -

20/ div

Fied  |IWaveom2  wf|Nore ¥
I 5 /diy

Wertical 500 /div =

| b ath W
; Low Pasz [
I Digitals High Pass [

Pasition | 0.4 III

itz |

sidie |20 LS :I N'E'Ir:nq-l 'E'acsqt Ao Setup Zoom | 5
Triqoer Mougze Controls 51

Source |"WF 3 - Rigin ALto Ty
q | £oom w0 Ii

ition | 155 - -
Fozition T Curgor 1 2 Ii

Coupling| OC Coupled + Feliia N;al " Curgor 2 u:HIi
Lewvel| 2.8200% E Slope Mode Clear Cursors d‘fli

Cloze |

e Math WF — A channel that takes two existing waveforms and combines them into a new
waveform, such as a voltage and a current waveform multiplied together making a power
waveform.

e Channel Enables - A colored button is provided for each channel to enable or disable data
capture on that channel. The color of the channel enable is keyed to the same color trace in
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the display window. The Channel Selection button (below) must also be selected to enable
the control functions for a channel.

e Channel Selection — A button displaying the channel name and selected vertical scale factor
is used to determine which of the available channels will be modified by the other vertical
control settings. The control settings affect only the channel with the Channel Selection
button currently active.

e Input Selection — The channel selection drop-down list chooses which of many possible
inputs will be connected to the selected channel. For waveform instruments connected
through measurement multiplexers, all channels in the current hardware configuration should
be available. For instruments connected to dedicated or fixed inputs, no channel selection is
available.

e Vertical Selection — Sets the vertical scaling factor for the selected channel. This setting will
determine the appropriate range setting to be used on the measurement instrument hardware
I.e.: The minimum range that can accommodate ten vertical divisions. The increment and
decrement buttons will select standard vertical scale factors, but any whole or fractional
number can be entered.

e Range - Allows locking the hardware range for the selected channel. The hardware will use
the closest range setting lower than the displayed value. Any number can be entered in the
range window that will cover the maximum expected peak value of the signal. This can be
useful when using the Position control (see below) to shift a signal on the “scope” window
without causing a corresponding automatic hardware shift to a higher range. Note that
clipping of signals can occur in this mode that may not be obvious on the display.

e Coupling — Selects between AC and DC coupling the input to the selected channel. This is
available only when the measurement instrument has this capability.

e Low Pass and High Pass — These can be used to perform mathematical filtering operations on
the displayed data. If both Low and High Pass frequencies are selected, the result is a
bandpass filter operation. These filter selections affect only the displayed waveform and have
no effect on waveform measurement values. See section 38.3.5.1 Common Measurement
Function Operators for more details.

e Input Termination - Selects a high impedance or 50 ohm input termination for the selected
channel. Available only on measurement instruments with selectable termination capability.
NH Research instruments generally use AC coupled 50 termination only, check applicable
instrument hardware reference manual for details. Power supply outputs and other low
impedance sources should use 50-Ohm termination and matched coaxial cable for high
frequency signal measurements.

e Hardware Filter — This control is available on instruments that have a hardware filter circuit.
It selects a low pass filter to remove high frequency signal components before digital
sampling. The filters available vary on different instrument types, check the Hardware
Reference manual for the device being used. If the signal to be sampled contains components
higher than twice the frequency of the available sampling rate, the hardware low pass filter
should be used to avoid aliasing.
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Position — Allows offsetting the position of the selected waveform up or down the display
panel. The increment or decrement arrows can be used, or the desired number of positive or
negative Vertical Divisions entered directly. Shifting the position by more than one major
division will cause the hardware to change to a higher range to insure the signal will not be
clipped. This automatic up ranging can be defeated with the Range selection (see above).

Scale Multiplier — Provides a convenient way of accommodating non-direct inputs on the
selected channel. The Scale Multiplier value entered will affect visual cursor readings and
any Measurement operations and the effective vertical scaling. If an input signal were
externally attenuated by a factor of 10 before input to the waveform instrument, changing the
scale multiplier to 10.0 would provide a direct correlation between the Vertical scale
controls, visual display, and measurements and the actual value present on the UUT.

Units — Allows the user to specify appropriate unit characters for specially scaled inputs on a
selected channel. This new unit descriptor will replace the standard volt descriptor in on-
screen displays and Measurement outputs. If a current shunt amplifier with a gain sufficient
to provide 250 mVV/Amp were connected to a channel, changing the Scale Multiplier (see
above) to 4.0 and the units from V to A would give visual and Measurement readings directly
in Amps.

38.3.2 Horizontal Controls

Seconds/Division — Sets horizontal scaling for all channels. The increment and decrement
buttons can be used to select standard values. This setting can be used in conjunction with the
Zoom mode (see Display Features above) to adjust the display to fit any portion of a captured
waveform. As the Seconds/Division setting is increased to large values, waveform
instruments with limited memory loose resolution due to saving only a subset of available
samples at intervals greater than the minimum sample period. The Acquisition Controls (see
description below) can be used to change memory sample size, or use peak detection modes
to counteract loss of resolution.

Normal/Fast Acquisition — Allows waveform instrument capture and data transfer time to be
minimized when full resolution isn’t required. One some instruments it may reduce each
sample resolution to fewer bits than the hardware provides. It also reduces the sample buffer
to a minimum memory size (typically 128 samples) regardless of the Seconds/Division or
any specified sample count. May introducing aliasing due to reduced effective sample rate
and likely to reduce accuracy.

38.3.3 Trigger Controls

Source — Selects among the waveform instrument trigger sources and other system trigger
sources. Waveform instruments with multiplexed inputs may have descriptors for waveform
numbers corresponding to digitizer channels. Devices with fixed inputs may list trigger
sources by functional name. Available Trigger Sources will vary by system configuration and
Waveform instrument type.

Position — Determines where the trigger point is positioned in the display window. The drop
down selector list provides convenient positions for most waveforms, but numbers can be
entered directly in either percent of display window, or time. Negative position values are
permitted to display waveform segments occurring long after the trigger without having to
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increase the Seconds/Division setting. Some instruments offer only a fixed trigger position,
refer to Hardware Reference Manual for details.

e Coupling — Sets the input coupling options for the selected trigger source. Selecting AC
coupling will block DC offset from a trigger input and pass only transients. Other DC
coupled trigger input options are High Frequency Reject, Noise Reject, and High Frequency
Reject and Noise Reject combined. These options allow more control of trigger operations on
noisy or modulated signals. Some waveform instruments do not have independent coupling
for input signals and trigger sources, and trigger control function bandwidths may vary.
Check with applicable waveform instrument Hardware Reference Manuals for full
specifications.

e Level — Sets threshold level for trigger source signal. Selecting trigger sources that are digital
signals or internal to the test system will disable the level selection.

e Rising/Falling Edge — Selects desired trigger signal edge for selected trigger source. Edge
selection may not apply to some trigger sources, such as Digital Pattern.

e Auto/Normal Mode — Allows the system to generate a periodic trigger if the selected trigger
input does not occur regularly. In the Auto mode, the system trigger will cause the Display
Panel to be updated periodically, even if the selected Trigger Source is not transitioning. In
Normal mode, no waveform data will be displayed until the selected Trigger Source has an
edge transition across the specified Level value.

e Force Trigger - The Force Trigger button on the Scope Panel can force a display update when
no Trigger condition is present.

38.3.4 Acquisition Controls

e Desired Number of Samples — Allows the user to increase or decrease how many sample
data points to capture. Any number can be entered, but waveform instrument hardware
limitations may reduce the entered value if memory size is limited. Selecting large
memory buffers may slow the Display Panel update rate. Deep memory buffer
waveforms are displayed in a condensed format on the Display Panel in that multiple
sample points are plotted in a single vertical interval. Zooming into any area of the
waveform will continue to restore resolution up to the point where each individual
sample can be plotted on the screen.

e Acquisition Mode — Determines method of collecting and presenting sample data.

Normal Mode - Allows the hardware to sample at maximum frequency, saving all values
until the specified memory size is filled. If the time required to span the Display Panel
window (determined by Seconds/Division) exceeds the product of sample count specified
times the instrument’s minimum sampling period, the effective sample rate must be
reduced. This is accomplished by taking multiple samples during a memory buffer time
slot, but only saving a single sample (the last one taken in that time slot).

High Resolution — Provides increased accuracy per waveform point by averaging
multiple samples. This mode can be useful when viewing a low frequency signal with
random noise interference at a higher frequency. The Desired Number of Samples setting
is ignored in this mode, as the hardware will use all available memory. The samples are
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captured at the maximum possible rate, and groups of samples are averaged to provide
the necessary number of points to fill the displayed aperture time. Since multiple samples
can be averaged to make up each point of the displayed waveform, resolution IS
effectively increased. Note that this mode can significantly increase test time since all
available memory may be transferred for a given aperture setting.

Peak Detect Mode — This mode is helpful when checking for aliasing on high frequency
sampled signals and for short duration pulses occurring infrequently over a long time
period (small memory, large aperture). If the Desired Number of Samples specified is
less than required to span the Display Panel window at the instrument’s minimum sample
period, the measurement instrument will perform multiple samples per memory time slot.
Sampling at the instrument’s maximum rate and using real-time hardware comparison of
these multiple samples, the upper and lower peak values will be retained and saved for
each memory time slot. The waveform display will plot both of these values in order of
their occurrence. Since this mode saves two samples per memory time slot, the minimum
waveform time display resolution is effectively increased by two.

Fixed Average Mode — This mode is similar to High Resolution (see above) except that
the number of points averaged is fixed. The number of points averaged depends on the
instrument, consult the Hardware Reference Manual for details.

Envelope Mode — Collects multiple waveforms that are combined to make one waveform
with a higher sample rate. The waveforms are displayed on top of each other. Ifa
waveform capture is initiated by a trigger, insure the trigger is an event that will repeat.

¢ Run Once — Captures a single waveform when the Trigger condition is met.

e Run\Stop — This button toggles continuous waveform captures on and off. The repetition
rate between Display Panel updates varies according to waveform instrument, number of
samples taken, and the repetition rate of the Trigger condition. If no Trigger condition is
present, the Trigger Auto Mode must be selected for continuous waveform capture.

38.3.5 Measurement Control

The Measure Control button on the Scope Panel is intended for use during program development
to provide immediate access to the waveform data calculations. The Measurement window
provided allows direct selection of the test functions available and their setup controls and
parameters. Capturing data will cause measurement values to be updated in the display window
for live testing of system settings and UUT performance. Any Measurement setup performed
using the Scope Panel Measure button is not saved when the Scope Panel is closed.

The Measurement functions and setup parameters are entered into the test program using another
method, a New Measurement entry option in the Waveform Test form. The test functions listed
below are available using this entry option, and all test and setup parameters entered become part
of the Waveform Test program step.

38.3.5.1 Common Measurement Function Operators

Many measurement functions use common control parameters and methods. These are described
here for reference.
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Select Measurement E|

Select a measzurement to perform.  Lse the meazurement gate to restrict the analyzis to a
portion of the wavefarm.

Measurement Gate

Enter as time or % of capture
[l 272mS ar 15%].

[ Alternate Description Start &t |0.000 %
| End at |100.000 %

beasurement | lasl

| MNewt » | Cancel |

Measurement Gate — Provides a method of selecting only a portion of the total waveform data to
be used for a specific measurement calculation. The beginning and end points of the gate settings
can be specified as a time value, based on the Seconds/Division horizontal control setting, or as a
percentage of the total displayed waveform. Selecting gate conditions that exclude waveform
areas with transitions necessary for a specific measurement function will give “Invalid”
measurement results.

Select Waveform §|

Select the waveform far the [Overzhoot] measurement. Apply a low pazs and/or a high pazs
filker to the waveform before analysis,

Filker
[ Low Pass |

[ High Pass |

W aveform |20 B

< Back | Finizh | Cancel |

Filtering — Provides low pass and high pass bandwidth boundaries that can be used separately or
in combination. Note that if hardware filtering is applied before sampling, digital filters are

subject to sampling theory limitations (see Notes on Filtering and Sample Rate below). A single
pole Butterworth digital filtering algorithm is applied. These boundaries allow a variety of filter

types:

e Low Pass - If only the low pass bandwidth is specified, signals above the specified
frequency will be attenuated. The reading will be approximately 3 dB attenuated from
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nominal at the specified low pass boundary, and will decrease at 20 dB per decade as
frequency increases.

e High Pass - If only the high pass bandwidth is specified, signals below the specified
frequency will be attenuated. The reading will be approximately 3 dB attenuated from
nominal at the specified low pass boundary, and will decrease at 20 dB per decade as
frequency decreases.

e Bandpass — If high pass and low pass frequency boundaries are specified, and the high
pass boundary is below the low pass boundary, a bandpass filter is formed. This filter will
pass frequencies between the two boundaries.

e Notch Filter — If high pass and low pass frequency boundaries are specified, and the low
pass boundary is below the high pass boundary, a notch filter is formed. This filter will
attenuate frequencies between the two boundaries.

38.3.5.2 Notes on Filtering and Sample Rate

Depending on the digitizing hardware available, the user must take care to use a suitable sample
rate to reliably process captured data using the filter functions. The High Speed Digitizer option
of the Digital Measurement System has a specified 3db input bandwidth of 100 MHz and a
maximum sample rate of 200M samples per second. The standard DMS digitizer hardware has
an available input bandwidth of 1 MHz and a maximum sample rate of 100K samples per
second. The upper bandwidth limit of the digitizing hardware is not set by a roll-off filter, only
by characteristics of the circuit design and input multiplexing, and may possibly be higher.

If any frequency—dependent signal processing algorithms are to be performed on digitized
samples, the frequency content of the input signal must be well known. To satisfy sampling
theory, either the sampling rate must be maintained at twice the rate of the highest frequency
harmonic contained in the signal, or the input signal must be low-pass filtered to remove
frequencies above half the sample rate. The digital filtering algorithms can only give correct and
reliable results on data that was captured without aliasing.

The sampling rate will be reduced from the maximums listed above when the aperture time
(screen display time in seconds) is greater than the amount of memory requested times the
minimum sample period. In this case, the input will still be sampled at the maximum rate, but
some fraction of samples will be discarded and only a subset is saved in memory. While this
lowers the effective sample rate, the full bandwidth is still provided to the digitizer so that high
frequency components can give aliased results in the waveform.

To avoid aliased data for longer aperture times, increase the amount of memory (Desired
Number of Samples under Acquisition Control) so that the maximum sample rate can be used.
For very long aperture times requiring more memory than is available on the digitizer device
(and reducing the sample rate), a hardware low-pass filter may be needed to remove high
frequency components in the signal. Some instruments may have this function built in, and
others may require use of an external in-line filter. Hardware low pass filtering can also reduce
data processing time for post-capture filter operations on low-frequency components of
broadband signals.
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38.3.5.3 Notes on Filtering and Gating

Measurement At Event and Measurement Between Events are not measurements but gating
methods used to define the section of the waveform used for the actual measurement that is
select later. The waveforms used to define the start and stop events can be filtered independently
from each other, the waveform of the measurement and even independently of the displayed
waveform. Filtering changes both the amplitude and the timing of the waveform. If the
start/stop events use different filtering than is used on the measurement waveform, the events
may not be in the right place.

If, for example, an inrush current is captured by the High Speed Digitizer option of the Digital
Measurement System at 200M samples per second for 2 milliseconds. The actual inrush is a
small part of the total captured waveform. After selecting Measurement Between Events, Rising
Edge at 0.1 amps for a start event and Falling edge at 0.1 amps for an end event, and selecting
Integral over Time with markers, the test is executed. Upon examination of the waveform
image, the start marker is at the correct location, but the stop marker is on top of the start marker.
The marker information below the waveform image says the stop event was 5 nanoseconds after
the start event. Both gates were triggered by noise that rose above 0.1 amp and then came back
down. To compensate for this, a low pass filter is applied to the stop event waveform of
sufficient magnitude to insure no false triggering due to noise and the test is executed. Upon
examination of the new waveform image, the start marker is still at the correct location but the
stop marker is near 0.0 amps and well past the expected location. This is because the waveform
used to determine the end of the measurement was not the waveform measured. The waveform
used to determine the end event was phase shifted by the low pass filter.

To avoid this confusion, if any waveform of a measurement is filtered, then all the waveforms of
that measurement should be filtered by the same amount including the displayed waveform.

Area — Computes product of time and amplitude for the sampled waveform. This can be used as
a tool to quantify non-symmetric or irregularly shaped signals. The Gate control can be used to
restrict the part of the waveform used for the Area calculation.

Cursor Delta — Computes the difference of Cursor 2 minus Cursor 1. The selected waveform
data is not used however the scale of the selected waveform does determine the values of the
cursors. Cursor Delta is a way for the operator to manually select the positions of the waveform
to measure.

Cursor Time — Retrieves the time Cursor 1. The selected waveform data is not used at all and all
the waveforms have the same time base. Cursor Time is a way for the operator to manually
select the positions of the waveform to retrieve its time.

Cursor Value — Retrieves the value Cursor 1. The selected waveform data is not used however
the scale of the selected waveform does determine the values of the cursors. Cursor Value is a
way for the operator to manually select the positions of the waveform to retrieve its value.

Frequency — Gives the frequency computed by finding the time period between two consecutive
rising or falling edges. A built in hysteresis function is used to determine thresholds for valid
edge detection. The filter function may be required if excessive noise on the signal causes false
readings.
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Frequency Content — Sums the RMS amplitudes of the discrete frequency components in a
specified range of frequencies. The upper and lower limits can be set to exclude unwanted
frequencies that may be present due to noise or sampling artifacts.

Harmonic Analysis — Provides a measurement of the waveform in terms of the amplitudes of the
harmonics of the sampled signal. Several standard harmonic distortion measurement types can
be selected, as well as a user specified version. Measurements can be on single or multiple
cycles. Accuracy is increased by having multiple cycles in the waveform data and adjusting the
Second/Division to capture whole cycles as closely as possible without partial cycles.

High — A measurement indicating the vertical amplitude at the top of the signal. The High value
is the most common value above the midpoint of the acquired waveform. A histogram is used to
derive the value. This statistical approach ignores short-term aberrations (such as overshoot and
ringing), and is best used for examining pulse waveforms.

12T Peak / 2 — Stands for current squared time. The measurement returns the square of the peak
value of the captured waveform, times the aperture time, divided by two. When this
measurement is used on an inrush current waveform, the result is proportional to the energy of
the inrush. Gate control can be used to restrict the part of the waveform used for the calculation.
Note: Gating defines the aperture.

12T Peak / 3 (Replaces 12T Peak) — Stands for current squared time. The measurement returns
the square of the peak value of the captured waveform, times the aperture time, divided by three.
When this measurement is used on an inrush current waveform, the result is proportional to the
energy of the inrush. Gate control can be used to restrict the part of the waveform used for the
calculation. Note: Gating defines the aperture.

I2T RMS — Stands for current squared time. The measurement returns the square of the RMS
value of the captured waveform, times the aperture time. When this measurement is used on an
inrush current waveform, the result is proportional to the energy of the inrush. Gate control can
be used to restrict the part of the waveform used for the calculation. Note: Gating defines the
aperture.

Integral over Time — Returns the integral of the waveform over the aperture. Gate control can be
used to restrict the part of the waveform used for the calculation. The integral of current is the
total charge transfer over the aperture. The integral of power is total energy.

Low — A measurement indicating the vertical amplitude at the bottom of the signal. The Low
value is the most common value below the midpoint of the acquired waveform. A histogram is
used to derive the value. This statistical approach ignores short-term aberrations (such as
undershoot and ringing), and is best used for examining pulse waveforms.

Mean — Returns the average of all waveform data points. All data samples are summed, and the
result is divided by the number of samples. The Gate function can be used to restrict the
calculation to a subset of data samples. This function might be useful for finding a DC value in a
noisy signal modulated by AC components.

Measurement At Event — Allows a measurement on one selected channel to be synchronized to

an event on another channel. The first channel specified will be used to trigger the measurement,
and a number of criteria can be used to generate the trigger event. After selecting a trigger Event
and the number of occurrences, the channel to be measured is specified. The measurement to be
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performed is selected, as well as start and stop times to provide an aperture for the measurement.
The measurements available are a subset of those described in this section.

The event can be found starting at the first captured data and moving toward the last (left to right
on the waveform display), or starting from the last and moving toward the first (right to left).
The First Occurrence or Last Occurrence buttons select this search direction. A count value can
be entered to determine which of multiple captured Events should initiate the measurement.

For waveform channels, the Rising Edge and Falling Edge Selections require the waveform data
to transition back and forth across the programmed level setting to initiate Amplitude
measurement. The Above, Below, Level Between, and Level Outside settings use only the levels
of the Event selection without any state logic. The Amplitude will be captured as soon as the
Event signal crosses the programmed threshold, or enters (or leaves) the band defined by both
thresholds.

For Digital Pattern Event recognition, the pattern recognition operates in edge-detect rather than
a level mode. The pattern must toggle between Matching and Not Matching states — an Event is
not generated if the pattern matches throughout the entire capture. Selections are available to
choose Leading Edge (capture Magnitude the first time pattern transitions from Not Matching to
Matching), or Trailing Edge (capture Magnitude when pattern transitions Matching to Not
Matching. The First and Last Occurrence selection buttons and counter are available to select
among multiple Event conditions in a single capture window.

Measurement Between Events — Allows a measurement on one selected channel to be
synchronized to events on another channel. The first channel specified will be used to trigger the
start of the measurement aperture. The second channel specified will be used to trigger the end
of the measurement aperture. A number of criteria can be used to generate the trigger events.
After selecting the trigger Events and the number of occurrences, the channel to be measured is
specified. The measurement to be performed is selected, as well as start and stop times to
provide the aperture for the measurement. The measurements available are a subset of those
described in this section.

The events can be found starting at the first captured data and moving toward the last (left to
right on the waveform display), or starting from the last and moving toward the first (right to
left). The First Occurrence or Last Occurrence buttons select this search direction. A count
value can be entered to determine which of multiple captured Events should initiate and
terminate the measurement.

For waveform channels, the Rising Edge and Falling Edge Selections require the waveform data
to transition back and forth across the programmed level setting to initiate Amplitude
measurement. The Above, Below, Level Between, and Level Outside settings use only the levels
of the Event selection without any state logic. The Amplitude will be captured as soon as the
Event signal crosses the programmed threshold, or enters (or leaves) the band defined by both
thresholds.

For Digital Pattern Event recognition, the pattern recognition operates in edge-detect rather than
a level mode. The pattern must toggle between Matching and Not Matching states — an Event is
not generated if the pattern matches throughout the entire capture. Selections are available to
choose Leading Edge (capture Magnitude the first time pattern transitions from Not Matching to
Matching), or Trailing Edge (capture Magnitude when pattern transitions Matching to Not
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Matching. The First and Last Occurrence selection buttons and counter are available to select
among multiple Event conditions in a single capture window.

Median — Returns the value that falls in the center of all sampled data values. If all samples are
ordered from low to high, the Median value will have an equal number of samples before and
after it in the ordered list. This measurement might be useful for finding an approximate
nominal DC value for a signal modulated with short, high amplitude spikes which do not affect
circuit operation. This reading may take a significant amount of time to compute unless the
number of memory samples can be reduced (see Section 38.3.4 Acquisition Controls).

Monotonicity — Returns the time of the first non-monotonic value occurs in the waveform. For an
increasing waveform (a positive slope), a non-monotonic value is one that is less than the
previous. The returned value from a waveform that is monotonic is zero.

Overshoot — The Overshoot value is computed by taking the highest peak magnitude in the
waveform and subtracting a mean value. The mean value is calculated by assuming the signal
has settled to its final value before 90% of the waveform buffer is filled. The samples in the last
10% of the waveform buffer (rightmost division of the display panel) are used to calculate the
mean value. This is typically used for a turn on transient. The Gating function can be used to
select a single event if the displayed waveform contains more than one.

Peak-to-Peak — Measures the difference in amplitude between the highest and lowest sample
points in the captured waveform. The number returned is positive regardless of whether the high
and low sample points are both positive or negative.

Peak, Absolute — Measures the amplitude of the highest sample point excursion from zero in the
captured waveform. This value may be positive or negative.

Peak, Max — Measures the amplitude of the highest sample point in the captured waveform. This
value may be positive or negative.

Peak, Min — Measures the amplitude of the lowest sample point in the captured waveform. This
value may be positive or negative.

Phase — Measures the difference in phase between one channel specified as a reference, and a
second channel to be measured. The measurement is intended for signals with the same, or very
similar, frequencies. It is useful for determining phase relationships between outputs of multi-
phase AC sources, or output to input phasing of inverter devices. The measurement is taken
between the trigger point of the reference signal and the closest rising edge transition of the
measured signal. The captured waveform must include at least one complete cycle of both
signals.

RMS, AC Coupled — Performs an RMS calculation on all sampled points and removes the mean
value (DC). All samples are squared and summed. The result is divided by the number of
samples, then the square root of the result is taken. The Mean value (calculated as described
above) is subtracted from the RMS value for the final value. All sample points are used
regardless of any repetitive cycle start and end points. To perform exact cycle calculations, the
gating function can be used to eliminate fractional cycles.

RMS, DC Coupled — Performs an RMS calculation on all sampled points. The same algorithm is
performed as AC Coupled RMS except the mean value is not subtracted.
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Slope (of best fit line) — Performs a least squares fit of the waveform to a straight line and returns
the slope of that line.

Square Integral over Time — Returns the integral of the square of the waveform over the
aperture. Gate control can be used to restrict the part of the waveform used for the calculation.
This function was added to compliment the 12T measurements. The integral of squared current is
proportional to total energy.

Time between Cursors — Computes the time difference of Cursor 2 minus Cursor 1. The selected
waveform data is not used at all and all waveforms have the same time. Time between Cursors
is a way for the operator to manually select the positions of the waveform to measure the time.

Timing as Frequency - Returns a measurement value for the frequency between specified Start
and Stop Events. Similar to the Timing General measurement but result is presented and
evaluated as a frequency.

Timing General - Returns a measurement value for time between specified Start and Stop
Events. The Events specified must be present in the captured waveform as displayed. While
trigger-positioning settings can be used to frame the desired Events in the waveform window, the
trigger position itself has no effect on the Event defined for the measurement.

Events can be found starting at the first captured data and moving toward the last (left to right on
the waveform display), or starting from the last and moving toward the first (right to left). The
First Occurrence or Last Occurrence buttons select this search direction. A count value can be
entered to determine which of multiple captured Events should be used to Start or Stop the
measurement.

The Event source can be any of three analog channels or a pattern from the sixteen Digital
Inputs.

For waveform channels, the Rising Edge and Falling Edge Selections require the waveform data
to transition back and forth across the programmed level setting to initiate a Timing
measurement. The Above, Below, Level Between, and Level Outside settings use only the levels
of the Event selection without any state logic. The Event occurs as the signal crosses the
programmed threshold, or enters (or leaves) the band defined by both thresholds.

For Digital Pattern Event recognition, the pattern recognition operates in edge-detect rather than
a level mode. The pattern must toggle between Matching and Not Matching states — an Event is
not generated if the pattern matches throughout the entire capture. Selections are available to
choose Leading Edge (Event occurs the first time pattern transitions from Not Matching to
Matching), or Trailing Edge (Event occurs when pattern transitions Matching to Not Matching.
The First and Last Occurrence selection buttons and counter are available to select among
multiple Event conditions in a single capture window.

Transfer Time — Measures the transition time between the halting of one continuous waveform
and the beginning of another continuous waveform (either the same or a different one) on a
selected waveform channel. Useful for measuring dead cycle times in AC source outputs, or
switch-over time for the transition from line output to inverter output in battery back-up devices.

Undershoot — The Undershoot value is computed by subtracting a mean value from the lowest
peak magnitude in the waveform — resulting in a positive value. The mean value is calculated by
assuming the signal has settled to its final value before 90% of the waveform buffer is filled.
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The samples in the last 10% of the waveform buffer (rightmost division of the display panel) are
used to calculate the mean value. This would typically used for a turn off transient from a
nominal value to a lower, or “off” value. This measurement assumes a single turn off event
settling to a final value within the waveform window. The Gating function can be used to select
a single event if the displayed waveform contains more than one.

WF Delta between Cursors — Computes the difference of the waveform at Cursor 2 minus the
waveform at Cursor 1. The vertical position of the cursors is not used. The data is the values of
the waveform at the intersections of the waveforms and the cursors. WF Delta between Cursors
is a way for the operator to manually select the positions of the waveform to measure.

WF Value at Cursor — Retrieves the value of the waveform at Cursor 1. The vertical position of
the cursor is not used. The retrieved value is the value of the waveform at the intersections of the
waveform and the cursor. WF Value at Cursor is a way for the operator to manually select the
positions of the waveform to measure.

38.3.6 Spectrum Measurement

The Spectrum Measurement function can provide a snapshot look at the frequency components
in a captured waveform. The display plots the Fast Fourier Transform of the captured waveform
in either Log or Linear frequency scales. Waveform test functions Frequency Content and
Harmonic Analysis can be used for program analysis in the frequency domain.

The accuracy of the harmonic amplitudes is maximized with the following waveform capture
guidelines;

e Set the Second/Division control to provide a long enough aperture to contain at least two
periods of the lowest frequency of interest for broadband signals.

e The FFT algorithm works best with multiple cycles in the captured waveform.

e The Seconds/Division setting should be adjusted to keep the number of cycles displayed
near a whole integer, minimizing partial cycles whenever possible.

The Enhanced Method selection will perform harmonic analysis with an attempt to restore some
of the amplitude to the most significant harmonics that may be lost due to the FFT windowing
function. It may be desirable to use this mode to insure that the highest peak value of a given
harmonic is displayed.

The amplitude of the highest frequency harmonic is displayed in a box at the bottom of the
spectrum display window.
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39. OBSOLETE TESTS

39.1 Single Measurement Test

Note: This routine is now obsolete. It has been replaced with “Multi-Measurement Test”,
which provides the same capability within a more flexible framework.

39.1.1 Description

The Single Measurement test routine is a very general-purpose test that will perform a single
measurement on each of the UUT’s inputs and/or outputs. Valid measurements include voltage,
current, power, frequency, noise, distortion, etc. The only constraint on this test is that the
measurements must not be triggered or transient in nature.

This test routine also contains the ability to communicate to the UUT in order to verify its status
or internal measurement circuitry.

39.1.2 Method

After performing the delay before reading, the measurement is taken on each enabled input and
output. Pass or fail status is determined and the result is logged to the datalog devices.

If the Smart Readback option is selected, the measured value is passed to the UUT
communications object as the reference value and the communication test is performed. Again,
pass or fail status is determined and the result is logged to the datalog devices.

39.1.3 Test Routine Properties

¥ single Measurement Test Parameters x|

[w Ferform tests on this channel
Smart Readback Options

hle asurement: AL Current -
I J p Ferfarm smart readback test on this channel
heasurement Range: |11D%ﬂ I 14.000 A
Communications: UUT Communications j
Minimum Walue: [z & [ s000a |
ACT
Maximum Walue: a0 A | 20004 _I

|- Test as absalute value

I— Enable Quality Manitar on this Ruality
meadsurement fonitar...

’*I‘Lﬂeasurement Options

Delay befare reading: IED-DDU mS oK Cancel

e Perform tests on this channel — check this box to take a measurement of this channel.
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e Measurement — the measurement vector that will be used to take the measurement. Note that
this must be a DMM-type measurement vector.

e Measurement Range — this is the maximum expected measured value. The value may be
entered either as a value or a percentage of a channel reference. The appropriate reference is
automatically selected based on the measurement vector entry. In the example above, the
“UUT In 1” Reference Current value will be used.

e Minimum Value - this is the allowable lower limit of the measured value. Measured values
less than this will cause the test routine to fail. The value may be entered either as a value or
a percentage of a channel reference.

e Maximum Value - this is the allowable upper limit of the measured value. Measured values
greater than this will cause the test routine to fail. The value may be entered either as a value
or a percentage of a channel reference.

e Test as absolute value — check this box to use the absolute value of the measurement for
pass/fail evaluation and UUT communication reference.

e Collect Quality Monitor data on this measurement — check this box to enable Quality
Monitor data collection.

e Quality Monitor... — press this button to display the Quality Monitor properties. Please refer
to the Quality Monitor reference manual for further details.

e Perform smart readback test on this channel — check this box to perform the UUT
communication section of the test routine.

e Communications — select the desired UUT communication object from the drop-down list
and press the ellipsis button for communications test parameters. Please refer to the
appropriate UUT communications object reference manual for further details. The edit field
to the left of the ellipsis button reflects the communications string to be sent to the UUT.
The data may be entered here, or in the appropriate field in the UUT communications object.

e Delay before reading — the amount of time you allow the UUT to settle before beginning the
measurements. Note that this delay happens once at the beginning of the routine.
39.1.4 Sequence

The load, source, digital and analog vectors defined by the program are applied to the tester
hardware before the test routine sequence is initiated.

1) Wait the delay before reading time
2) For each UUT input and/or output:
a) Perform the measurement
b) Translate to absolute value if necessary
c) Evaluate and log the result
d) If performing the Smart Readback test:
i) Set the Reference Value property equal to the measurement
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il) Initiate the communication test
iii) Log the result
e) Check for faults and log them as necessary

39.2 Ramp-Up Test

Note: This routine is now obsolete. It has been replaced with “Ramp (General Purpose) Test”,
which provides the same capability within a more flexible framework.

39.2.1 Description

The Ramp-up test routine ramps up the input voltage to the UUT while watching the input
current for a maximum value. Each step of the source voltage is verified by checking the input
current against the user-specified range. This test can be employed to check that there are no
catastrophic errors on the UUT.

39.2.2 Method

The source to ramp is stepped in user specified increments to the final voltage. Measurements
are made at each step after a programmable step delay.

39.2.3 Test Routine Properties

39.2.3.1 Input Parameters

F NHR UUT Ramp-up Test

T heasurement

—UT Ramp-up Test
Input to Ramp:
|AC Line =

Final Input Yoltage:
|24.DIZIDV | 24.000%

Step Delay (Sec):
|1_nnn s | 10008

Step Increment (Volts):
[1.000v | 1o00v

[8]:4 Cancel

e Input to Ramp - this entry must be the logical name of an input/source. The input/source
must have a power supply in its configuration (DC Source, AC Source, etc.).

| VvV /& ] ]
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e Final Input Voltage - the final voltage that the input/source will be set to.
e Step Delay - this delay will be applied between each of the voltage steps.

e Step Increment - the step size that will be applied to each step.

39.2.3.2 Measurement Parameters

# NHR UUT Ramp-up Test x|

Input T Mezzure rernt

—Input Measurement Farametears

Meazurement Wector:

IAC Line Current j

Measurement Range:

|1D.DDDA | 10,000 A

Minimum Walue:

|,':|.|:u:u:| A | 0.000 A

bl aximum alue:

|3.|:u:u:| A | 2,000 A

I— Enable Quality Maonitar on this
measuremeant

Euality
fonitaor...

oK LCancel

e Measurement Vector - the vector that will be used to take measurements.

e Measurement Range - this is the maximum expected measured value. This value will be sent
to the measurement device that the measurement vector represents.

e Minimum Value - this is the allowable lower limit of the measured value. Measured values
less than this will cause the test routine to fail.

e Maximum Value - this is the allowable upper limit of the measured value. Measured values
greater than this will cause the test routine to fail.
39.2.4 Sequence

The load, source, digital and analog vectors defined by the program are applied to the tester
hardware before the test routine sequence is initiated.

e [nitiate test routine
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39.3 Three-Phase UUT Ramp Power-up Test

39.3.1 Description

The ramp power-up test routine ramps up the input voltage to the UUT while watching the input
current for a maximum value. Each step of the source voltage is verified by checking the input
current against the user-specified range. This test can be employed to check that there are no
catastrophic errors on the UUT.

39.3.2 Method

The source to ramp is stepped, using user-specified increments, to the final input vector voltage.
Measurements are made at each step after a programmable step delay.

39.3.3 Test Routine Properties

39.3.3.1 Input Parameters
There are seven fields in the Input tab that are described below.

£ NHR UUT Ramp-up Test

Input T Fhase A T Fhase B T Phase C

— LT Ramp-up Test

Input to Ramp Mumber Of Steps

[UUTIn 1 = o

Active Phase Mode Step Delay (Sec)

| Three Phase = Jrooos [ 10008

‘One Phase
Three Fhase
Three Phase Complex

| MNote:
The final voltages applied here are

measured from line to line(Fhase to
Fhase).

—Final Input Yoltage (Fhase B)

|u.uuuv | 0.000%

—Final Input Yoltage (Fhase C)

|u.uuuv | 0.000%

[8]:4 Cancel |

e Input to Ramp - this entry must be the logical name of an input/source. The input/source
must have a power supply in its configuration (DC Source, AC Source, etc.).

e Active Phase Mode - the configured mode for the source. For a complete description of
these modes please refer to the source documentation.

¢ Final Input Voltage - the final voltage to which the input/source is set. Three-phase mode
uses this setting for all three phases. Three-phase complex uses this setting for phase A only.

| VvV /& ] ]
rerar€ 237 of 239



emPower © TEST ROUTINE REFERENCE MANUAL

e Final Input Voltage - the final voltage to which phase B is set.

e Final Input Voltage - the final voltage to which phase C is set.

e Number of Steps - the number of increments that will take place for all phases.

o Step Delay - the delay that will be applied to each step before taking measurements.

39.3.3.2 Measurement Parameters Phase A

F NHR UUT Ramp-up Test E
Input | Phase A | Phase B | Phase C

— Input Measurement Parameters

Measurement Vector:

IAC Sro Current j

Measurement Bange:
|1D.DDDA | 10,000 A

hinirmurm Yalue:
ID.DDDA | 0.000 A

Maximum Value:
|500_nnn i, | R00.000 m,

[~ Collect SFC data on this measurement

FEE

[8]:4 Cancel

e Measurement Vector - the vector that will be used to take measurements.

e Measurement Range - this is the maximum expected measured value. This value will be sent
to the measurement device that the measurement vector represents.

e Minimum Value - this is the allowable lower limit of the measured value. Measured values
less than this will cause the test routine to fail.

e Maximum Value - this is the allowable upper limit of the measured value. Measured values
greater than this will cause the test routine to fail.

Note: Phase A settings are applied for one- and three-phase settings, but only to Phase A
settings for Three-phase Complex.

e Collect Quality Monitor data on this measurement — check this box to enable Quality
Monitor data collection.

e Quality Monitor... — press this button to display the Quality Monitor properties. Please refer
to the Quality Monitor reference manual for further details.
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39.3.3.3 Measurement Parameters Phase B and C

Measurement Vector - the vector that will be used to take measurements.

Measurement Range - this is the maximum expected measured value. This value will be sent
to the measurement device that the measurement vector represents.

Minimum Value - this is the allowable lower limit of the measured value. Measured values
less than this will cause the test routine to fail.

Maximum Value - this is the allowable upper limit of the measured value. Measured values
greater than this will cause the test routine to fail.

Collect Quality Monitor data on this measurement — check this box to enable Quality
Monitor data collection.

Quality Monitor... — press this button to display the Quality Monitor properties. Please refer
to the Quality Monitor reference manual for further details.

39.3.4 Sequence

The load, source, digital and analog vectors defined by the program are applied to the tester
hardware before the test routine sequence is initiated.

e Initiate test routine

[
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