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Installation

Hardware Overview

Front Panel

Power on switch: this switch is illuminated when power is applied.
Trans LED: active when the thermal transient instrument is sending data
Rec LED: active when the thermal transient instrument is receiving data
Error LED: active when an internal error is detected

Test On LED: active during a thermal transient test

Rear Panel
NOTE: If your system has one of the automation options, please refer to automation
section below. The rear panel will have additional connections.

Power inlet : Please verify the correct voltage before turning the equipment on.
Volt/Ohm Input: One pair of the Kelvin connections to a multimeter when used.

4-Wire Ohm Sense : The second pair of Kelvin connections to a multimeter when used.
Current Out/Measure In: Electrical connections to the test chamber and part under test.
Serial Port: RS232 communications to the computer.

Remote Switch: Optional test start switch when the equipment is used manually.
Interlock: Mandatory connection to the door closure sensor that indicates a test may safely
be performed.
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Hardware Installation

NOTE: If your system has one of the automation options, please refer to automation
section below. You must provide a properly connected interlock signal in order to run tests.

1. Connect a high quality shielded serial interface cable to the 9-pin SERIAL PORT connector
on the back of the Thermal Transient Test System. Connect the other end to a serial port
on the computer.

2. Plug the measurement cable into the rear of the thermal transient enclosure. Connect
the 15-pin “D” connector to the connector labeled “Current Out/Measure In”. Connect
the banana plugs from the measurement cable to the banana jacks labeled “Interlock”.
When the chamber door is open the Thermal Transient Test System is electrically
disconnected from the chamber. The interlock status is noted on the main screen of the
application. Additionally, an LED is visible inside the rear of the Thermal Transient
enclosure to indicate when the chamber door is closed.

3. Connect the other end of the measurement cable to the rear of the test chamber. Place
the Interlock, Sense and Current banana plugs into the proper banana jacks on the rear
of the test chamber. Polarity must be observed for the banana plugs, the side of the
banana plug with the tab is the negative side and should be connected to the black
banana jack.

4. If the optional external multimeter is used (Agilent 34401A or Keithley 2010), connect it
to an available serial port (such as COM2) using the supplied serial cable. If you have
received the multimeter along with the system from Santa Barbara Automation, it is
already configured for serial port operation. Otherwise, configure it for use with R$232
interface (usually the default factory setting is GPIB, see the owner’s manual for details.)

Agilent 34401: RS-232, 9600, 8, N, 1, DTR/DSR handshaking; must use Agilent cable,
Keithley K2010: RS-232, 19200, 8, N, 1, Xon/Xoff handshaking; normal RS-232 cable.

5. Connect the optional operator switch (banana plug, when used) to the REMOTE SWITCH
connector on the Thermal Transient Tester. You may also start the test by clicking on the
test button of the measurement screen in the thermal transient software application.
The button is only active when the test chamber door is closed.

6. Verify that the mains voltage is proper (as shown in a small window on the modular AC
inlet), connect the power cord to the modular AC inlet and plug it into an AC outlet.

Figure 1A: Thermal Transient enclosure rear
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Figure 1C: Agilent 34401A Multimeter Rear Figure 1D: Keithley 2010 Multimeter Rear

Software Installation
This program may be installed on 32-bit Microsoft XP Professional (Service Pack 3 required),
or 32 or 64 bit Vista (SP2 required) or Windows 7 (SP1 required) or Windows 8. To install the
Thermal Transient application, your computer must have the following resources:

e A Pentium 4, dual core 2.0GHz or better processor,

e A minimum of 2 Gigabytes of RAM (4GB recommended).

e 50 Megabytes of free disk space for installation, 100MB for data storage.

e 1024x768 or higher resolution display, 1600x900 recommended, 1920x1080 or
1920x1200 is required for Automation view.

One high-speed serial port (16550 UART) for Thermal response hardware

An optional second serial port for the multimeter connection.

Thermal response firmware version v48 or later, v52 or later required for all features
You must have Administrator privileges for the program installation and updates.

IMPORTANT

If you already have Thermal2012 installed, use the update installer instead of the full installer
— doing so will preserve all program settings. If you are updating an installation of Thermal
Response 2010 or earlier, you must uninstall the previous version before proceeding. For
earlier versions of the Thermal Response program the directory is C:\Program Files\Thermal4
(or C:\Program Files (x86)\Thermal4 for 64-bit operating systems). Use the Windows
Add/Remove Programs application in the Control Panel to uninstall the application. Please
remember to back up the testparameters.ini file if necessary.

1. Insert the Thermal Transient install disk into the CD drive, or download and unpack the
setup file.

2. Run Thermal2012setup.exe (or Thermal2012Update.exe if upgrading). Follow the
instructions that appear on the display. Select “Viewer Only” installation only if there is no
hardware present — this will remove the hardware control panel from the view; it can
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always be re-enabled later if desired by deleting Thermal2012ViewerOnly.txt located in
the install folder.

Unless instructed otherwise, the installer will place Thermal 2012 application in “C:\Program
Files\Thermal2012” on 32-bit systems or in “C:\Program Files (x86)\Thermal2012” on 64-bit
operating systems. This directory also contains the configuration files: testparameters.ini,
settings.xml, and application logs in the Log\ subdirectory. Thermal2012 does not store any
information in the user profile directory. You will need administrator privileges when you
start the application for the first time. Do NOT use “Run as Administrator”.

This completes the program installation. If you do not have the Thermal Transient test
hardware and plan to use the software for viewing and processing previously acquired
data, no further configuration if required. Please refer to the “Quickstart Guide — Without
Hardware” for additional information.

Application Settings

The Thermal Response 2012 application stores most settings including test current and
duration in the settings.xml file located in the program directory. This means that all settings
are saved when the application exits, and then they are restored upon startup, and this
includes test current and pulse duration. The operator must verify test parameters before
testing in order to prevent part functioning due to excessive test current or duration. This
is critical to avoid testing with excessive current or pulse duration that may result in
inaccurate test results or may compromise operator safety.

When the application is launched in viewer mode (for example, when an xml-tr4 file is
double-clicked in Windows Explorer), the settings are stored in a separate file,
settings_view.xml. These files are not interchangeable; settings_view.xml may be deleted
any time to force the viewer to re-read the main settings.xml. This allows the viewer mode to
maintain persistent analysis settings (such as bridgewire parameters) while avoiding
corruption of the main settings.xml file.

Test Parameters File

Next you should examine, and if necessary, edit the test parameter file: testparameters.ini.
This file contains the test parameters referenced by part type and is unique to each type of
initiator tested. The file is located in the program folder indicated above. The installer
provides a sample file that may be used to create additional part types. Without properly
configured part numbers in this file, you must manually enter all test parameters.

The test parameter file uses similar formats to the testparameters.ini file on all Santa Barbara
Automation Final Electrical Test equipment. Only a responsible supervisor or engineer who is
knowledgeable and understands test parameters should maintain the Testparameters.ini file.

CAUTION

The settings in the testparameters.ini file provide consistent means of testing and allow the
operator to identify initiators by part number (ref. Fig 17). Incorrect settings, such as higher
current or longer pulse width, may detonate parts. Proper maintenance of this file and the
data within are critical to the safe use of the Thermal Transient Test System. Do not allow
untrained operators access to this file.
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Start Up

To start the Thermal Transient Tester and the Thermal Transient program:

1. Verify that no initiators are within the test chamber.

2. Turn on the power switch on the front of the Thermal Transient Tester and confirm that
the POWER light is lit on the front panel and that the error indicator if not lit.

3. Double-click the Thermal2012 icon on the Windows desktop.

Thermal 2012 desktop icon

The Thermal transient software may operate in either online or offline modes. In the
offline mode the user may view, print and analyze previously acquired waveforms; in the
online mode parts may also be tested and new data may be acquired, and previously
stored waveforms may be opened. The Thermal Transient software may be used on any
computer in the offline mode — no hardware connection is required.

If the Thermal Transient Test System is connected to COM1 and no external multimeter
is used, select the “Go Online Now” option. If a different serial port is used or an
external multimeter is connected select “Go Offline” and verify that the communication
settings are configured properly (see below for details). If the software will always be
used in Offline mode, then select “Always Stay Offline” to disable the dialog box. You
may select “Switch Hardware View Off” option under the “Equipment Menu” to hide the
hardware window.

B Thermal - Startup Options

- Would you like to go online with
Pl  hardware? Select 'Viewer Mode' if
lIN)  hardware will not be used on this
computer (you can always go back).

Stay Offiine

Always Start Offiine

Always Start In Viewer Mode

Figure 2: Startup Online/Offline selection

4. If you connected the serial interface cable to a port other than COM1, you will receive a
message either saying the port cannot be opened or the Thermal Transient Test System
could not be initialized. To change the serial port settings, use the Options menu on the
hardware window while offline, then select the serial port where the interface cable is
connected and select the proper settings, then click the OK button.
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File Equipment | Options | Diagnostics Help
Hardware Control |~ Thermal Response Connection... N Test Results Auto Save

Mulfimeter Connecion:. [)Summary data:  C:\Thermal Data L. txt ]
Multimeter Options... [7] Waveforms (XML): C:\Thermal Data\Part ami-trd
Go Offline \__ Use Multimeter For Resistance Test Y, @] wavef (bt -c:\ : DataPart bet T E... Santa Barbara

Automatic File Naming...
Integration And I/O Options...

Equipment & Measurement...

Figure 3: Options Menu

Flow Control Flow Control

() Xon/Xoff
() RTS/CTS
() RTS/CTS Xon/Xoff

) None

() Xon/Xoff

() RTS/CTS

) RTSCTS Xon/Xoff

) DTR/DSR i @ DTR/DSR
(©) DTR/DSR Xon/Xoff ) DTR/DSR Xon/Xoff

@ Agilent 34401A Automatically adjust
serial port settings
Flow Control ©) Keithley 2010 (recommended)
tons Prefis ©) None
s @ Xon/Xoff Measurement Configuration

Data Bits: © RTS/CTS Please refer to multimeter's User Guide for more

information about these options.

o (7) RTS/CTS/Xon/Xoff
Paritys {® 1NPLC integration @ llige!m g‘;g’“y)
() 10 NPLC integration () 100 Ohms range
() Auto Range

["] offset compensation (Keithley 2010 only)
[7] Dry drcuit test (<20mV) (Keithley 2010 only)
[7] Zero trigger delay (lower accuracy, higher speed)

Defauits [ ok ][ cancel |

Figure 4C: Port Setup for Keithley 2010 Multimeter

Figure 5: Multimeter Options
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5. If an external multimeter (Agilent 34401A or Keithley 2010) is used, click Options on the
menu bar and select Use Multimeter for Resistance Test. The application will remember
this setting and will attempt to initialize the multimeter each time the application is
placed online. To change the settings you must be offline.

[ Thermal Response 2012 [4.50.160]

File Equipment Options Diagnostics Help
Hardware Control Test Results Auto Save

|| waveforms (XML): C:\Thermal Data\Part. xml-tr4

Multimeter Agilent o
{ OFFLINE COM2,9600,N,8,1 34401A |¥| Waveforms (txt): C:\Thermal Data\Part. txt Siztégzrnbna;a

T(;‘F‘;"Ll‘;zl J COM1,115200,N,8,1 ¥|Summary data:  C:\Thermal Data\L.txt

Figure 6: Hardware Control Window

Once the COM port and multimeter are configured, select “Go Online” on the menu bar.
This will initiate communications with the Thermal System.

6. When the initialization is successful, the Thermal Response Board status display will
change to ONLINE with a green background:

B Thermal Response 2012 [4.50.125] E=2ich

File Equipment Options Help
Hardware Control Test Results Auto Save

Thermal V50 [V]summary data:  c:\tttdata2Yesults2010. txt [ - (,
ONLINE COM3,115200,N,8,1 EXTENDED :

[7] waveforms (text): c:\tttdata2\tt2010, txt

' : Multimeter e Agilent
Go Offiine COM4,9600,N,8,1 34401A ] waveforms ((ML):  c:\tttdata2\part20 10, xmi-tr4

Figure 7A: Thermal Transient System online indicator

g
3

Santa Barbara
Automation

If an external multimeter is connected, the Multimeter status display will also change to
ONLINE with a green background:

[ Thermal Response 2012 [4.50.125] =@
File Equipment Options Help
Hardware Control Test Results Auto Save
S—— Thermal V50 [¥] summary data: c: \tttdata2\results2010. txt [ select... J C
i ONLINE COM3,115200,N,8,1 EXTENDED 7 {
= [¥] Waveforms (text): c:\tttdata2\tt2010. txt | Select... }
i Multimeter R e A Agilent o ——

Sagflios ) COM4,9600,N,8,1 34401A 7| Waveforms (XML): c:\tttdata2\part20 10.xml-ir4 | Select... S:T;ri;';’:;e

Figure 7B: Thermal Transient and Multimeter online indicators

7. With power applied to the Thermal Transient Test System and the software application
online, the TRANS and REC lights on the Test System front panel will blink and the TEST
ON light should not be lit.

8. Open and close the door on the test chamber. Confirm that the door (interlock) status is
displayed correctly in the Measurement window. For the automation option 24VDC
must be supplied to the Machine Ready input to enable testing. This input is the
equivalent of the interlock for the manual system and indicates that safe conditions exist
to perform tests. Do not use the equipment without a functional safety interlock

9. Select the output data destination folders, if necessary, under the Test Results Auto Save
section on the main window by clicking on the selection buttons. Additional
configuration settings can be found in Automatic File Naming under the Options menu
and under the Equipment menu. The default data storage location is “C:\Thermal Data”.
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File Equipment Options Diagnostics Help
Hardware Control est Results Auto Save

T(:'I'FeF"LI';EaI COM1,115200,N,3,1 [¥]summary data:  C:\Thermal Data\L.txt

[Vl waveforms (XML): C:\Thermal Data\Part.xmi-tr4

~ Offline Multimeter jilent —
Sl COM2,9600,N,8,1 ;494,01‘ || Waveforms (txt): C:\Thermal Data\Part. txt Santa Barbara

Automation

Figure 8: Auto-Save Configuration

Note that an extension of xml-tr4 will automatically associate any saved waveform files
with the Thermal Transient program and is recommended. Waveform files with xml or
xml-trd are also compatible with the Thermal application; however, xml-tr4 is preferred.
Please refer to “Test Results” section below for more information on file formats.

10. Select the file naming features found under Options, Automatic Naming Properties:

Automatic Naming Properties
Please select from the list below.

The automatic file naming system assigns a unique file name to every data file
that is saved at the end of the test. The name is formed from the base file
name (selected in the ‘Output Data’ section of the main window) and a number
of items spedific to the part under test:
@ <Base Name >_<Date Time >
~ Note: Does not affect summary file name
<Base Name >_<Part Type>_<Date Time>
' Note: Does not affect summary file name
~, <Base Name>_<Part Type>_<Serial>_<Date Time>
- Note: Does not affect summary file name

) <Base Name>_<Lot Number>_<Serial>_<Date Time>

") <Lot Number >\<Base Name>_<lLot Number >_<Serial>_<Date Time>

A Temperature Coeff. Settling Offset -
i Lol W A0 Analyze ) us) Il 602 verson varing

Figure 9: Automatic Naming Properties and Auto-generated File Name

11. A number of additional options specifying behavior of settings, batch information, and
other similar options may be found under the “Integration Options” menu.

The “Auto Title” page (Fig 10, left) contains settings pertaining to the experiment notes
(ref. Fig. 19). The software can auto-fill these field if desired, and can also automatically
clear them. Please note that by default these fields will persist even after software
restart.

The “Data Persistence” page (Fig 10, right) contains additional options for clearing
lot/batch information, auto-analyze checkbox and auto-discarding of test that did not
progress past the initial resistance stage (often indicating poor contacts, not a genuine
failure).
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@ oo QO] 8 s (L
1 |

|| Tnouts | Outputs | Data Persistence Auto Title | verification Part | | Inputs | Outputs Data Persistence | Auto Title | Verification Part |

Auto Experiment Notes Title And Description Lot/Batch And Part Count Persistence

The options below enable automatic transfer of lot
information into Measurement Title' and ‘Description’
fields when new lot information is successfully entered.

By default, Thermal Response application retains all state
and settings between application restarts. This indudes
lot/batch setup and all part counts, which may be

undesirable. The options below override this behavior.
Conversely, these fields may be configured to be
deared automatically when lot configuration starts. Similarly, "Auto Analyze” option may cause undesirable
loss of speed during automated operation, and may be
defeated automatically after restart or lot operations.
[¥] Batch/Lot# -> Title, on successful lot/batch entry

[¥] Lot Info -> Description, on successful lot/batch entry [ Clear ALL lot/batch information upon restart

[] clear ALL information upon any lot/batch operation
Clear Title, when starting lot/batch entry

Clear Description, when starting lot/batch entry Glear ‘Auto Analyze' option, when application starts
[¥] Clear 'Auto Analyze' option, on lot/batch operations
Clear Title, when application starts

[¥] Clear Description, when application starts [] Do NOT count failed initial resistance in totals

| Defauits | [ ok

Defaults [ ok || cancel |

Figure 10: Experiment Notes and Lot Configuration Management Options

12. The Thermal2012 application has additional features when purchased with the optional
automation hardware. Please refer to the “Thermal 2012 Extended Automation
Interface” below for additional steps required for proper equipment operation.

13. In addition to the normal operator view, the software is able to operate in the
Automation View. Please refer to the following chapter for more details. The Automation
View has no effect on how the test is performed, but it does present the data in a way
suitable for testing larger quantities of parts. The Automation view may be enabled via
the “Equipment” menu.

File [ Equipment | Options Diagnostics Help
Go Online Test Results Auto Save

Go Offline [7]Summary data:  C:\Thermal Data\L.txt

Always Start Offline [#]Waveforms (XML): C:\Thermal Data\Part.xmi-tr4

Santa Barbara

Switch Hardware View Off [#] waveforms (txt): C:\Thermal Data'Part. txt Fin e

_ Switch To Automation View
Always Start In Automation View

Automation View Options...

Reset Pass/Fail Part Counters

v Use Measurement Notes

Figure 11: Equipment View Selection

This completes the initial configuration and startup.
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Testing Limits and Options
IMPORTANT

The proper configuration of test and processing parameters is absolutely essential to
obtaining consistent and accurate measurements. Improper configurations may produce
unusable data and/or may damage parts and compromise operator safety.

Configuring Test Limits for Safety
CAUTION

The Thermal Transient software may be limited to a maximum upper current limit.
Depending on the individual part type, the standard equipment capabilities of 999mA and
optional 1999mA for high-current versions may cause a part to function should excessive test
current be specified. The maximum current applied during a Thermal Transient test should
be limited to a safe value regardless of the user entered test current. To enable a limit on
the test current:

1. Click Options on the menu bar then select Equipment and Measurement.

2. Inthe Equipment and Measurement Options menu under the Thermal Response tab
select the box marked Enable Test Current Limit. Enter the maximum safe test current
(milliamps). If the user inputs test current that exceeds the set limit, a warning will be
displayed and the test will be aborted.

B Equipment & Measurement E &

lRes:stance Test I Settiing Delays ] Analysis ]

Current Limit

This value limits the maximum test current available
through the measurement window.

|| Enable Test Current Limit
Maximum Test Current (mA) 1000

Equipment Max. Test Current (mA) [2000

Automatic Equipment Compatibility

Thermal Transient Tester performs slower, higher accuracy
measurements when compared to Thermal Response test
that is integrated into automatic testing equipment. This
may cause the results to differ statistically from those
obtained on the automated equipment.

"Compatible” thermal response measurement has
substantially lower accuracy and is performed in firmware
(and may be firmware dependent). Use with caution.

[ ]use "Compatible" Thermal Response Method

Requested test current of 401 mA is above the maximum permittad
m vd:ufmml.m adjust the value.

Figure 12A: Test Current Limit Figure 12B: Test Current Limit Warning
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Resistance Measurement

The thermal transient hardware is capable of high precision resistance measurements for the
range of values typically found in pyrotechnic parts. For critical testing, faster testing, or
when maximum accuracy is desired, an external multimeter is recommended.

When an external multimeter is used, the resistance measurement settings are located
under “Options, Multimeter Options...” (ref. Fig. 5). If no multimeter is present, or if
“Options, Use Multimeter for Resistance Test” is not checked, the thermal response circuitry
will be used to measure resistance.

Thermal response resistance measurement settings are found under “Options, Measurement
Options, Resistance Test”. For resistance measurement a typical test current value is 10mA;
where higher values will generally produce more accurate readings. The thermal transient
hardware performs multiple measurements to compensate for DC offsets caused by
calibration errors and/or thermocouple effects unless the “Legacy Resistance Test Mode” is
selected. Pass/fail limits for resistance tests are in the Measurement window (Fig. 16).

A normal test sequence involves the initial resistance measurement, the thermal transient
test, and the final resistance measurement. The test will be aborted if the initial resistance is
outside of the initial resistance limits, which may indicate a defective/missing part, poor
electrical connections to the part, or improper connections to the multimeter.

Settling Delays | Analysis ]

Test Current

Thermal Transient Test uses a series of low current pulses
to measure the resistance of the device under test prior
to and after performing the actual thermal response
measurement. Please note that lower values reduce the
accuracy of the resistance measurement, while higher
values may offset the thermal response reading or cause
a safety hazard (5 to S0mA, default 10mA).

Resistance Test Max Current (mA)  10.0

Compatibility

When using the Thermal Response Board for resistance
measurement, the recent revisions of software perform
higher accuracy measurements than those performed by
older (v44 and prior) versions. This may cause the results
to differ statistically. Check the option below to force the
use of standard accuracy measurements.

|| Legacy Resistance Test Mode

ok || cancel |

Figure 13: Thermal Response Based Resistance Test Configuration
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Current Pulse Stabilization and Accuracy

For accurate measurement, the characteristics of the current source are critical. The current

Revised Nov. 17, 2012

pulse and associated voltage drop across the bridgewire are also used for establishing the
initial values of bridgewire resistance and temperature, which in turn affect the rest of

thermodynamic results.

Please follow these instructions during both the initial setup and when setting up new part
types or for equipment configuration changes (such as changes in test fixtures, wiring, etc.)

All parameters referenced below in this section are located under “Options, Test &
Measurement Options...” menu on the hardware control window.

1.

Thermal Response | Resistance Test

; Analysis |

Current Setpoint Settling Delay

When performing successive measurements with different
test currents, the Thermal Response Board current
setpoint requires time to settle in order to maintain

full 16-bit accuracy. This delay is inserted before

current pulse is commanded. Max value is 10000 ms.

Note: If no external multimeter is used for resistance
measurements, there are two setpoint changes per test.

Current Setpoint Delay (ms) 5000

Current Stabilization Delay

Once current pulse is initiated, the system allows 17 ps
for the current value to stabilize at the setpoint level.
Certain configurations such as high inductance parts,
may require more time. Increase the value if a large
pulse start transient appears in acquired data.

Stabilization Delay (ps) 9 17 30

The selected testing parameters are transferred to the thermal transient circuitry prior to
each test. When changing from one current value, such as when using the thermal
transient board for resistance test (from 10mA to the value selected for thermal test),
the internal reference takes several few seconds to settle to 16-bit accuracy. This
settling delay may be adjusted with the “Current Setpoint Delay” parameter (Fig. 14,
top). Values of 3000ms to 5000ms are typical, where longer times provide slightly
greater accuracy. The delay is applied when the current setpoint changes, and is, for
example, twice per test if a multimeter is not used for resistance test.

Figure 14: Settling and Stabilization Delays

Page 14

A different case occurs during each thermal transient test, when higher current is placed
through the part under test. During the initial current rise the length of time required to
achieve stability is typically less than 20us and is no greater than 50us. This time is a
function of the requested current and the characteristics of the part under test and

wiring to the test chamber, and to a lesser degree, the test fixture. Igniters with higher
values of inductance or capacitance or longer test wiring may require longer settling
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For those cases that require longer settling times the application may be adjusted for
best accuracy with the “Stabilization Delay” parameter under the “Settling Delays” tab.
The selection will disable ADC sampling during the first few samples to avoid inaccuracies
or possible analog to digital converter saturation. Please note that V52 or later firmware
is required for this feature to work.

The default value for stabilization delay is 17us. To determine if the 30us value should be
used, acquire a waveform using typical pulse settings. If a large overshoot is observed on
the first visible sample, the value may be adjusted to 30ps.

3. “Pulse Settling Offset” is the time after the start of current before the waveform is
considered stable and may be used for calculations. This value does not pertain to data
acquisition, but to the subsequent analysis that produces the actual Thermal Response
result.

It is important that this value is not set too low or too high. Too low of a value will reduce
the accuracy of computation because some unstable samples may be included; too high
of a value will deprive the software of sufficient number of samples at or near the 100
microsecond point and will increase noise. Values of 0.040ms to 0.060ms are nominal,
with 0.045ms the default. The actual effective value will be adjusted to the next available
data sample at the time of acquisition/analysis.

’B Equipment & Measurement OPﬁ;ns ﬁ‘ Typical conversion sample timing for

. test pulses of 100ms or less (in ps) :
Thermal Response | Resistance Test | Settling Delays
# V52+ older firmware
Pulse Settling Offset
Typical current source settiing time at the start of a pulse
is less than 50ps/0.05ms. Certain test configurations (e.g 1 7.0 19.3
longer cable leads) may cause this time to become longer. 2 20.3 32.8
This value sets the amount of time after which the current 3 33.6 46.4
source is deemed settled and the data values are valid. . -
4 46.9 60.0
Pulse Settling Offset (ms) 0.045 5 60.2 73.6
6 73.5 87.1
Thermal Response Start Point 7 86.8 100.6
Proper analysis of the leading slope of thermal response 8 100.1 114.2
curve is crudial for obtaining accurate readings. Larger : :
sample sizes will decrease noise and timing accuracy; 9 113.2 127.8
lower thermal response start time will typically increase 10 126.7 141.3
the d value.
© MessurEgvale 11 1400  154.9
Thermal Response Start Point (ms) 0.100 12 153.3 168.5
TR initial point, # of samplestofit 9 13 166.6 182.0
TR final point, # of samples to fit 14 179.9 195.6
15 193.1 209.1

Figure 15: Analysis Parameters and Sample Timing

One related, but independent value, is the “settling offset” found in the measurement
window. It modifies the settling value used for thermodynamic analysis, which includes
temperature and initial resistance. The separate analysis settling offset allows for
consistent analysis of data acquired with different settings. It may need to be adjusted to
ensure that the correct slope is used for extrapolation of temperature and resistance to
time 0.
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Analysis Parameters
The thermal transient test result (the Thermal Transient value in mV) is computed using two
linear regression fits on the corrected voltage curve. From the physics perspective, the
corrected voltage is essentially equivalent to resistance because it is calculated as follows:

Rn= Vn/ln
Veorry, = Ry * liest

Note that the calculation is done on sample-by-sample basis and that the hardware acquires
the current and voltage samples time simultaneously using two separate analog-to-digital
converters that are synchronized to the same clock. This allows the system to effectively
reject current noise as well current source absolute errors to first order.

The final “Thermal Response” result is the difference in the corrected voltage value
calculated from the point defined by “Thermal Response Start Point” to the end of the pulse.
The result is highly sensitive to the start point position. “Thermal Response Start Point”
should be set to 0.1ms, the industry standard.

Two linear regression fits are applied (to decrease noise) as shown on the figure. The two “#
of samples to fit” parameters control how many samples are used for the fit. Larger values
will reduce noise but also will, particularly for the initial value, reduce the accuracy of the
initial slope. The default value of 9 samples combined with the settling offset of 0.045ms (see
table on Fig 15, above) centers the fit exactly at the 0.1ms mark.

\Y
tr
Thermal t
Response N Response e
start time / Result End of test

/ pulse
tpulse_settling }
Start oifi B i

analysis L

I I

| |

Pt

0o —

Initial fit # of samples Final fit # of samples
Figure 16: Thermal Response Computation Overview

Please note that test pulses longer than 105 to 109 ms (depending on the hardware) have
different sampling rates (2x or 3x slower, see specifications or the real-time spec on the
measurement window for exact values). This means that the effective averaging interval for
the regression fits is greater, even though the same number of samples is used. The start
time remains unchanged. This will usually cause slightly lower thermal response results.
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Testing Parts

Please note that the Thermal Transient application must be online in order to run a test and
offline to change settings such as use of the multimeter. To run a thermal transient test:

Either: a) Select a part type from testparameters.ini (if configured) by clicking on the box
next to the Part type on the Measurement Window, or b) Configure the test parameters
(test current and duration) directly. The part number and testing parameters listed in
the Part Number drop down menu must be present and properly configured in the
Testparameters.ini file to appear in the menu.

/@ Select Part Type

Please select part type and batch/lot number
Test parameters for selected part wil be displayed in the text area below

Part Number/Type: JE=55- 188

Batch/Lot Number:

Starting Serial Number: AJO07

Organization="Santa Barbara Automation”
Division="Thermal Response Test"
LockParameters=1

Current=230

Duration=20

TestRMin=1,5

TestRMax=2.5

SettlingDelay =500
TREvalMode=1

TREvalMin=0

TREvalMax=150
RFinalEvalMode=1
RFinalEvalMin=1.5888
RFinalEvalMax=2,112
RDeltaEvalMode=1
RDeltaEvalMin=-0.3
RDeltaEvalMax=0.3
Bwalpha=121

Confirm l [ Cancel

Figure 17: Select Testing Parameters from Testparameters.ini

1. Decide how and where the test results should be saved under Test Results Auto Save.

Connect the initiator to the test connector and close the test chamber door.

3. Verify testing parameters such test current and pulse duration in the measurement
window (Fig. 18A).

4. Enter or verify test notes, if desired (Fig. 18B). The notes will be saved along with the
measurement.

5. Either press the operator switch or click the program’s Start Test button.

N

CAUTION

Always wait until the test is completed before opening the test chamber door. The test will stop
automatically if the chamber door is opened. Never attempt to bypass the interlock switch as this is
an unsafe condition.

Page 17



Thermal Transient Test and Installation Manual Revised Nov. 17, 2012
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Test Control EFa e Lo |

e mn max, PASS

Start Test Pulse Current (mA): 220 vesipessce (ohs): 1800 2200 1 e
- Thermal Response (mVv): ) 06,00  12.00 O‘L atch

To = 100238 [ w 754 | Tow 13208 [Rmax #2062 Oeka Resstance (Ohms): v 0.020 0,020 1 thamber

anaiyze pata [ ERER i

SN
Rinitial: , The 0.5676, Rfinal: 1.9984

Voltage

Current

Resistance

Figure 18A: Test Configuration Area

Measurement Notes
Title: | Test Lot 150288 Text: Sample 2, second test

= Temperature Coeff.: Settling Offset: o
M Auto Analyze perraal 120.0 %) 60.0

Figure 18B: Test Measurement Notes

Automation View

In addition to the normal operator view depicted above, the software is able to operate in
Automation View. While it is optimized for use with the optional automation interface hardware
the hardware is not required in order to use Automation View. Please refer to Fig. 19A/B/C. The
Automation view is enabled via the “Equipment” menu and may be set up to always open upon
startup (except when viewing existing measurements by double-clicking in Windows Explorer).

The automation view does not allow the operator to directly change test parameters such as test
current or pulse duration or pass/fail limits. The operator will be able to load predefined part
types only by using the “Change Lot/Batch” button. The Automation view does not change how
the tests are performed, but it does change the way the data is presented to the operator, and is
suitable for testing larger quantities of parts and/or production environments.

Password protection is available for the “Full View” button (switches back to normal view) and
the “Manual Test” button. These are configured under “Equipment, Automation View Options...”

The “Verif. Load” button does one-click loading of the verification part type, which may be
configured under “Options, Integration Options, Verification Part”, (also see Fig. 30).

Automation view also provides access to additional part counters, including failures per category.
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Harg Go Online

F Go Offline
— v

Always Start Offline
Switch Hardware View Off

Switch To Automation View
Always Start In Automation View

Automation View Options...
Reset Pass/Fail Part Counters

v Use Measurement Notes

B8 e osanen S S

File [Equipment | Options Diagnostics Help

Test Results Auto Save
B—E [V] summary data: C:\Thermal Data\L. txt Browse...
pe | ]
[V Waveforms (XML): C:\Thermal Data'\Part.xmi-tr4 Browse...
i Aoent 7] Waveforms (bt): C:\Thermal Data'Part. txt Browse... | S P
| 34401A aveforms (txt): C:\Thermal \Part. Automation

Figure 19A: Equipment Menu with View Options

"B Automation View Options et S
|

Access Control

Automation View may be locked so that a password is
required to enter full view andfor to unlock the "Manual
Test” button.

Password: |

[7] Lock "Full View" button
Lock "Manual Test" (test start) button

Figure 19C: Automation View
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Test Results

. ) . S I
2] {Oniine; - C #_2012-10-17_09- -— i = = |
Test Contl e satch
@ M mm pass
Pulse Current (mA): (220 1800 2200 o

Start Test Intal Resstance (Ohms):

- Thermal Resporse (V)17 0600 12.00 'n ik
‘ Pulse Duration (ms): 10 Fal Resstance (Ohes):[y] 1800 2.200 N N

To'= 30.023mg [ = 754 | Ts = 13,2008 | Amax = 30,62 Deka Resscance (Ohemsk[y] 0.020  0.020 0 b

| Mesarement bates
Tl Taxt:

T Settling Offset 7
analyze Data [ RECEREIEY ) ton) 602

== 2 9:31:24 AM, SN
i S
0, Thermal Rfinal: 1.9984

220

voltage
Current

Resistance

Figure 20: Thermal Transient Test Measurement

The primary display of the Thermal Transient test is a graphical window as shown above. The
vertical axis shown in this display is the corrected voltage across the bridgewire and the
horizontal axis is test time. A numerical display of the test results is provided on the left side
of the screen.

For the Thermal Transient system the test is conducted in three parts;

1. The initial bridgewire resistance is measured.
2. The Thermal Transient test is conducted.
3. The final bridgewire resistance is measured.

When the test has been successfully completed the test results are uploaded to the host
computer and displayed on the screen. You may select several viewing options, including:

1. The voltage across the bridgewire.

2. The constant current through the bridgewire during the test.

3. The voltage across the bridgewire as corrected for correlated current noise.
4. The bridgewire resistance during the test.

The waveform above represents the heating curve and resistance change resulting from a
test current of 240mA. Note that the initial portion of the curve (between 0 and 2
milliseconds) reflects a much faster rate of rise than later portions of the curve. Accurate
measurement of the 100us voltage and current is critical to measurement of thermal
transient values.

The viewer will display the selected test results in numerical and graphical form. You may
view the acquired voltage, acquired current, voltage corrected or calculated resistance
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waveforms. Click the waveform name to select it. The corrected voltage graph is shown after
the application starts. The menu at the top of the window allows additional options such as
comparisons between separate tests.

When viewing the graphical display on the Thermal Transient software application the
following keyboard and/or mouse operation may be used for adjusting the viewing area of
the graph (click on the graph to enable keyboard focus):

Keyboard Command
A
C
Tab
Left/Right arrow key
Shift + Left/Right arrow key
Up/down arrow key
f
Control + arrow key
Control + shift + arrow key
Control + left mouse button held down
Control + left mouse button up

Action

Autoscale to view all data

Cursor on/off

Second curser/toggle curser

Move curser on selected curve
Fast move curser on selected curve
Next/previous curve

Cursors floating/locked

Scroll and pan

Fast scroll and pan

Define start of zoom window, move to define window
Zoom to defined window

Abort zoom operation

Copy bitmap to the clipboard
Legend on/off

Original scale

Zoom out one step

Toggle active y-axis

z Start keyboard zoom

Control + left mouse button up

< +0 — -

Arrow key Move zoom rectangle
Alt + arrow key Size zoom rectangle
Enter Zoom
Esc Abort zoom operation

Figure 21: Graph Navigation

If the temperature coefficient of the bridgewire material (in microohms/ohm/°C) is known,
the data may be analyzed using the built-in first order thermodynamic model. Enter the
temperature coefficient and click on the “Analyze” button. When analysis is complete, the
application will enable additional X and Y axis choices for analysis results. To automatically
analyze all acquired data, check the “Auto Analyze” box. Note that the Settling Offset in
microseconds (red box above) is only used for thermodynamics analysis and will not affect
other results. Complete description of the analysis calculations may be found in Appendix A.

Analysis results may be plotted against time or temperature, as indicated by the X-axis
selector in the lower right corner of the axis selection control area (Fig. 20). The following
data is available:

e Temperature: computed from resistance, smoothed by adaptive regression filter.

e Cp: amount of energy required to raise the temperature one degree C.

e Dissipation: includes total dissipation, initial Cp derived dissipation (light red curve)

and the difference (dark red curve).

Analysis data may be exported via the File menu (“Export Analysis Data as Text..."”), in comma
delimited text format suitable for processing in third party applications such as Excel or
Matlab. Please note that thermodynamics results are exported only after the analysis is
performed, otherwise only the current, voltage and timing data will be exported.
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Figure 23A: Good Test Results Screen
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Figure 23B: Failing Test Results Screen

The Thermal2012 application will display reject categories for failing parts beneath the
pass/fail window, where the above screen reflects a thermal high failure. The 5 categories
are noted as: RH = resistance high, RL = resistance low, TH = thermal high, TL = thermal low
and DF = delta resistance fail.

Part Counters

Each test result may be subjected to up to four separate evaluations: initial resistance,
thermal response, final resistance, delta resistance; the limits are entered in the
measurement windows (Fig. 18A). The initial resistance evaluation is mandatory and may not
be disabled; other evaluations may be disabled by unchecking the appropriate checkbox.
Note that initial resistance failure will cause all subsequent tests to be aborted. Thermal
response failure will not abort final resistance. The software has the following part counters:

e Parts Failed: Total number of parts tested and failed. This counter is incremented
when a test is performed and at least one of the evaluations fail, with one exception:
initial resistance failures may be excluded by checking “Do not count failed initial
resistance in totals” under “Options, Integration Options, Data Persistence”.
Separate counters of parts per failure type are also visible in Automation view.

e Parts Passed: Total number of parts tested and passed. This counter in incremented
when a test is performed, initial resistance is passed, and at least one of the
subsequent evaluations is enabled and passed.

e Parts Tested: Total number of parts tested. This counter is incremented each time a
test is performed, with the same exception as “Parts Failed” for the initial resistance.

The counters are reset every time new a batch is configured (Fig. 17), or as specified under
“Options, Integration Options, Data Persistence”, or manually by clicking the “Equipment,
Reset Part Pass/Fail Counters” menu item. The counters may be configured to persist after
software is restarted.
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Measurement Data Files

Test results are archived in as many as three different formats:

1. Text Summary: The Text Summary, normally called the results file, archives test results in a form
suitable for statistical analysis of test data. The data is stored one test per line in comma
separated values (CSV) format. For example (presented here in 2 lines due to page width
limitations):

Date, Time, Serial, FixturelD, PartType, LotNumber, TestCurrent, PartEvaluation, InitialR,
2012-10-02, 11-23-52, 12, -3, SamplePart2~, , 240.00, FAIL, 2.05160,

InitialREval, Thermal, ThermalEval, FinalR, FinalREval,DeltaR, DeltaREval, LogTitle, LogText
PASS, 17.65404, FAIL, 2.04926, PASS, -0.00234, PASS, Sample Test, Inert test

Select the “Summary data” checkbox to enable the Text Summary output.

2. XML Waveform: The XML Waveform file contains all the settings, test results, waveforms and all
other information associated with a measurement. When selected, the XML Waveform files may
be generated automatically after every measurement. You may also view the test results offline
for analysis, troubleshooting and comparison to other waveforms. Using the XML-TR4 extension
will automatically associate the waveform files with the thermal application and is the
recommended archival format for the waveform data. Most early versions of Thermal XML files
may be opened from within the new application. Files saved with a plain XML extension under
the new application may only be opened from within the program.

3. Text Waveform: The Waveforms (text ) file contains all waveform data along with the test
results and test settings in a comma separated format. It is suitable for further data analysis in
Excel or a similar program.

Note: It is not necessary to save all the test data in the Text Waveform format at the time of
acquisition since any XML Waveform file can be converted to a text waveform by loading it in
into the application and then clicking Export Analysis Data As Text under the File menu.

Note: Text Waveform contains all analysis data only when data was analyzed by clicking the
“Analyze” button or by checking “Auto Analyze” and running a test.

@ Thermal Response 2012 [4.50.160]
File Equipment Options Diagnostics Help
Hardware Contro! Test Results Auto Save

~

| Go Online I)Fher"L?l\laEl _ COMl,llSZDD,N,S,L ] 7| Summary data:  C:\Thermal Data\L.txt
— V| waveforms (XML): C:\Thermal Data\Part.xml-tr4

Mulumeter Agilent ot Haiss
| oFmE COM2,5600,N,8,1 | Adlent @] Wavefors (bxt): Ci\Thernmal Dalaart.ot [Bronse.r] Santa Barbara

Automation

Figure 24: Output data save selection screen

Select the type and location of the data you wish to save prior to running a test. Choose files names
that will allow the series of tests and data to be easily identified at a later date. Since large groups of
data may be useful for determining production equipment performance we suggest periodically
archiving the data. This also serves to reduce the number of files in the save location.
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Thermal 2012 Extended Automation Interface

The Thermal Transient Automation Interface must be used with version 50 or later firmware and the
proper hardware. This option allows handshaking with a programmable logic controller (PLC) or
other equipment using several input and output lines for automatic testing. The interface is designed
for 24VDC logic.

Hardware Connections

You must supply a source of +24VDC to the rear panel connector labeled Power as follows:

1. +24VDC at 200mA
2. 24V return

A minimum of 2 input connections (Machine Ready and Test Start) and 3 output connections
(Thermal Transient Ready, Pass and Fail) are necessary to allow the Thermal Transient equipment
to operate in the automatic mode. You must supply +24VDC to the Machine Ready input to
enable the internal safety circuitry and allow a test to run. This is true for both manual and
automatic modes. This input should only be active when a test may safely be run. A test chamber
door interlock is such an example.

From the Thermal Transient equipment to the PLC (24V sourcing logic, active high outputs) the
available outputs are:

TR - Thermal Transient Ready
P - Pass

F - Fail

RL - Resistance Low Fail

RH - Resistance High Fail

TL - Thermal Low Fail

TH - Thermal High Fail

DF - Delta Resistance Fail

NS - Nest Select

WO N RWNE

Inputs from the PLC to the Thermal Transient equipment (24V sinking logic, active high inputs):

10. MR - Machine Ready (Safety interlocks are closed — MUST be present to run)
11. TS - Test Start request

12. NL - New Lot request

13. NS - Nest Select

MR TS HL NS

FaRC ic ¢ < i
+ b

CURRENT OUT
MEASURE IN

@ﬁe@

Figure 25: Thermal Transient rear panel
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Please note the connectors and LEDs on the rear panel of the Thermal Transient instrument. The
larger 10-pin connector is for the output signals and the smaller 4-pin connector is for the input
signals. A separate 2-pin connector is for +24VDC and DC return. Itis important that the proper
voltage and polarity be observed for handshaking with your equipment.

LA © 0 O) ) - S )]
TR P B RL RH TL TH DF ‘NS=

OUTPUTS

. " ‘;-i’ fﬁ‘? R "ﬂ

12a
SERIAL PORT

; =

i) ol

Figure 26: LEDs, power supply and interface connections

Connect a source of +24VDC power to the POWER connector. Note that the positive side is on the
left.

Connect the inputs and outputs to the I/O connector as follows:

Outputs
1. Thermal Transient Ready — output, this line is high when Thermal Transient is ready to test.
Fail — output, this line is high when the part is found to be defective for any reason.
Pass — output, this line is high when the part passes the test.
Resistance Low — output, this line is high when the part fails for high resistance.
Resistance High — output, this line is high when the part fails for low resistance.
Thermal Transient Low — output, this line is high when the part fails for high thermal.
Thermal Transient High — output, this line is high when the part fails for low thermal.
Delta Resistance — output, this line is high when the part fails for high delta resistance.
Nest Select - output, when an external multiplexer is used to select a second test position.
. 24VDC return. Typically from the external nest select multiplexer circuitry.

WO NoOUAEWN

[
o

Inputs

11. Machine Ready — input, +24V must be supplied to allow electrical connections to the test
position. If +24V is not present all wiring to the test chamber is isolated by internal relays.

12. Test Start request — input, +24V is supplied when a thermal transient test is desired.

13. New Lot request — input, +24V is supplied when a Lot of parts is finished and you wish to
start a new Lot. This will terminate testing and force the operator to enter the parameters
for the new Lot.

14. Nest Select — input, selects an alternate test position when an external multiplexer is used.

The LEDs on the rear panel will assist with troubleshooting your connections. Due to limited space
their labels are abbreviated as follows:
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INPUTS
MR TS NL NS
Machine Ready Test Start New Lot Nest Select
OUTPUTS
TR P F RL RH TL TH DF
Thermal Pass Fail Resistance  Resistance = Thermal Thermal Delta
Ready Low High Low High Fail

For operator safety the electrical connections within the Thermal Transient enclosure are
disconnected from the output terminals unless the Machine Ready input is supplied with +24VDC,
indicating that all guards and shields are in place and a test may be safely conducted. Note that a
test may not be performed without this input being active.

+24V

Typical Output Circuit

FROM THERMAL TRANSIENT S FLT785A
47k
Ajr OUTPUT TO PLC
N/ > ]
/ =% >
T -
10K
PS2801 I
(KN
75V GND 7 24V GND S/ 24V GND
V V \V

+5V

t 2.7K INPUT FROM PLC
L A,

MR
A E Ar JAN

OUTPUT TO 4 )
THERMAL TRANSIENT p— sk S Typical Input Circuit
/ 5V GND ./ 24V 6ND \/ 24V OND

\ / \
V V

Figure 27: Typical circuitry for outputs and inputs
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Test Options

When using the automation version of Thermal2012 and the correct hardware the user has
numerous integration options that change the manner in which the equipment functions.

f T—
@ Integration Options &
e

| outputs | Data Persistence | Auto Titke | verification Part |

MR - MACHINE READY Input Signal

The Machine Ready input signal is enables the Test Start
input signal when it is safe for the instrument to perform
measurements.

For automated testing only, Machine Ready signal
may be configured to bypass otherwise compulsory
ON-OFF-ON cyding between tests.

Require Machine Ready ON-OFF-ON between tests
(this is the only option for non-automation instrument)

Do NOT require Machine Ready ON-OFF-ON cyde
between tests

NS - NEST SELECT Input Signal

The following options applies to display behavior only, and
only in automation view mode with two data displays.
When disabled, the displays will alternate; when enabled
the nest select will determine the display (0=left, 1=right)

Use Nest Select input to select automation view display

Figure 28: Machine Ready and Nest Select

The manual test version of the thermal equipment requires that the test chamber door be opened
and closed between each test to avoid double testing a part. The automation version of the Thermal
Transient Test System MUST have the Machine Ready input active to enable testing. Without this
input all electrical connections to the test station are disconnected. If your automation equipment
provides reliable, safe, testing conditions select the option that does not require a Machine Ready
cycle between each test. Otherwise, provide a state change for the MR signal to enable the next test
and indicate that safe conditions exist for testing.

The “Use Nest Select” display option may be used with or without the automation option. When the
“Use Nest Select input to select automaton view display” is checked the graphical test results for
each test are associated with the nest position on the display, either Nest 0 or Nest 1.

The Outputs section of the Integration Options menu provides different options for when the
equipment is placed online, for inserting a delay between output write and input read operations
and for the trigger signal option.

The testing parameters and Lot information should always be selected prior to performing
production tests. For manual testing, such as during development and for quality assurance test, the
parameters may be frequently changed by entering values manually. In this case it may be preferable
to have the equipment always online.

To provide compatibility with some types of faster automation equipment a delay between the
output write and the input read may be selected.
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m Integration Options

| Data persistence | Auto Titke | verification Part |

TR - THERMAL READY Output Signal

Output READY signal is enabled when the instrument is
ready to start performing measurements. Optionally,
the READY signal may be configured to require a

valid lot number and part number to be present.

@ Enable READY always (when ONLINE)

(7) Enable READY after part# and lot# are entered

~ Enable READY after part= and lot= are entered,
= always lock test parameters

OUTPUT Write to INPUT Read Delay, V52+ only, (ms) 0

TRIG - Trigger Output Signal
The optional Trigger output provides real-time synchonized
trigger pulse simultaneously with thermal response pulse.
The output is always enabled on M:0 in firmware V51 and
earlier and this option has no effect.

Enable Trigger Out: [T1M:0  [[]M:1

Figure 29: Integration Options, Outputs

When the proper hardware is available and selected, the trigger signal is active during a test and will
allow external equipment, such as an oscilloscope, to capture waveforms independently. The signal
rise and fall quite accurately represent the test pulse current. Alternately, another option will allow
these signals to be used to select test positions for initiators with multiple bridgewires.

|| 1nputs | Outputs | Data Persistence | Auto Title  Verification Part |

Equipment Verification Configuration

Enable verification to display the 'Verification' button in
Automation View. The button will automatically load
the correct verification part and lot configuration to
avoid operator mistakes.

[¥] Enable 'Load Verification’ button
Part Type: 123456

Batch: CAL

Figure 30: Integration Options, Verification Part
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A test certification part may be used to verify machine performance and reduce the risk of shipping
defective product. To simplify this process the test certification part, such as those provided by
Santa Barbara Automation, may be given a unique part type and name. When enabled this feature
will enable the verification part button on the Automation view screen only, to load the test
parameters associated with the verification part. Please refer to the Automation View section for
more information.

EEJ
o @ﬁ .

Wi JIcue

Figure 32: Four Channel Test Certification module
Many versions of certification modules are available, with from one to as many as 20 channels for

fast, reliable equipment validation. Different resistance and thermal standards may be specified as
required for each installation.
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Test Timing

Thermal Transient test system refreshes the inputs and outputs at approximately every 125ms, or 8
times per second. Assuming that the system is equipped with a multimeter, the hardware is capable
of completing a 10ms pulse duration test in around 600ms (the total cycle may be longer because of
polling delays of up to 125ms). Longer test pulses will significantly increase cycle time both due to
longer pulse proper and because more time is needed for data download. Please note that for high-
speed applications, Santa Barbara Automation offers a line of products capable of testing over 3000
parts per hour including transport time, or about 2 parts per second without transport time.

TekRun | — ] Trig?
Test Start - ¥ -
Input : : 4i
i Ch1 Pk-Pk
23.4V
24
1 Ch1 +Width
: ———=.5
o . . No . ref
L. ... .d Crossing
TTT Ready
Output
©i] 10.0V Ch2 10.0V M 100ms| A (h2 £ 13.0V
_ 1 Dec 2009
[13.60 % 12:52:20

Typical test timing for 10ms test: 625ms Test Start to Thermal Transient Ready

Figure 33: Typical Test Timing

Correct implementation of handshake timing is critical for reliable and fast integrated operation. The
following diagrams (Figs. 32 and 33) provide timing specifications for the Extended /0 interface.
Many of the timing features follow from the fact that the thermal response hardware reads the
inputs at the same time it writes the outputs from the last scan cycle (and does so about every
125ms).Please note that the Machine Ready input signal drives the relay coils for the measurement
bus disconnect, and thus requires settling delays. For PLCs with relay outputs, extra care should be
taken to ensure that the outputs settle before due time.

Please note that the both Pass and Fail outputs may be inactive at the completion of the test; this
condition indicates equipment error and means that the measurement was aborted for some reason.
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OUTPUTS from TTT
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Diagnostic Tools

A basic diagnostic tool is included with the Thermal application for simple troubleshooting. To
invoke the tool, click on Diagnostics portion of the main application and select Digital /O Monitor
from the drop down menu. This tool provides a display of all input and output signals used on the
thermal transient equipment and is useful for troubleshooting.

! onse 20.
File Equipment Options Help

Hardware Control Digital YO Monitor... Test Results Auto Save =
. b=, |
Go Online | Ve | [ com11s200m,81 | 24 Stemmes . date: S Whemal Daka vesifs. af (Brovee.. | ("
— V| Waveforms (MML): C:\Thermal Data\Part.xmi-tr4 Browse...
Multimeter | Agilent r = Sta Patiaa
OFFLINE | | COM?'QEED'_N'B'_I‘_ | 33401A | Waveforms (bxt): C:\Thermal Data\Part. txt Browse... | 'ir:l‘;?;ﬁ‘:“

Figure 36: Diagnostics Selection on the Menu Bar

With the Thermal Transient System connected to the external equipment and power applied select
Diagnostics on the menu bar and then Digital I/O to start the diagnostic graphic.

—Iolx]
INPUTS: P 3MNs] k2] W Kkifis] W LOMR]  goard Clear Enable 5: 125.95ms
0 I¥ Logging/
W 7 v 1:6 W 1:5 WV L:4 Error Graphs Graphing T: 6456.61ms
OUTPUTS: [T 0:3[F] [~ o2 [ o:1[pF] [» 0:0[WR]  ouTRUTS — e e ’W
Fo:7fH] [T oM] [ o:5RH] [~ 0:4[RU ENABLED Option |[EXTENDED
MUX SEL: I~ M:1 I~ m:0 [~ TRIGGEROUTonM:0 T1:0 T2:0 7V:0 I:0 TSEL:0 ERR:0

inputs value = 255

Time
outputs value = 1

Time

Figure 37: Diagnostics Tool
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Click on Outputs Enabled, Enable Graphing and Auto and the application will start. The condition of
any input or output signals (high or low) will show. Note that signal rise/fall times are not accurate.

The “y” axis on the graph corresponds to the respective bit number. For example, input 3 (I:3) is
plotted on input graph at y=3 for OFF state and at y=3.5 for ON state.

The software will automatically update signal names to match the type of 1/O expansion board
installed (if any). Outputs will be disabled with no I/O expansion is present.

Wi (N Foan Coib Fom omp [ | i
PO Fosm [oshy Mosp — odm | Mo f A Ontn [OFFLDE

Figure 38: Diagnostics Tool Signals

CH | SIGNAL COLOR INPUTS OUTPUTS

7 Aqua Thermal High Fail (active until next test)

6 Green Thermal Low Fail (active until next test)

5 Aqua Resistance High Fail (active until next test)

4 Green Resistance Low Fail (active until next test)

3 Aqua Nest Select Part Fail (remains active until next test)

2 Green New Lot Part Pass (remains active until next test)

1 Aqua Test Start Delta Resistance Fail (active until next test)

0 Red Interlocks/Machine Ready | Thermal Transient Ready (active until next test)

Figure 39: Diagnostics Tool Signals for Extended 1/0 Option
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APPENDIX A: Data Analysis Computations
Applies to: Thermal Response 3.2, 3.4, 3.6, 2010, 2012.

1. Acquired Data

Symbol

2. Thermal Transient Computation

Symbol/Equation
Rn= Vn/ln

Veorr, = Ry * liest

PVA( )I PIA( )l PRA( )

Pua( ), Pia( ), Pra( )
Vg = Pua(tpuise) = Pva(trr)

Ro = PRA(tstart)
AR = I)RB(tpuIse) - PRA(tstart)

Pra ()
T= PRA_l(PRB(tpuIse))

3. Heat Model Analysis

Symbol/Equation
=
1 AR
®-= i
gy Ro

PA= [F’lA(’[AMlD)]2 . PRA(tAMID)

Slope(Pra), Slope(Pgs)

Description

acquired voltage samples, sampled and quantized V(t)
acquired current samples, sampled and quantized I(t)
acquired sample times

Description

sampled bridgewire resistance

corrected voltage, st = requested test current
regression predictors for V(t), I(t) and R(t) computed
over Ra = [ta, ta + Ata] (“initial” range)

regression predictors for V(t), I(t) and R(t) computed
over Rg = [tpuise - ts - Atp, touse - ta] (“final” range)
Thermal Response voltage

initial (cold) resistance

total change in resistance. Note that the AR change in
resistance does not exactly correspond to the Vg
change in voltage.

inverse function of Pga predictor

thermal response time constant

Note: ta, Aty, tg, Atg, ttg are programmable values. Please
refer to the manual for test analysis timing details.

Description
bridgewire temperature resistance coefficient

final bridgewire temperature offset from ambient

average dissipated power over range Rp

Pra and Pgg predictor slopes

(continued on next page)

Ea Pa- Ata — Ata Pa-Ro

—Pa-Ro-ayy 2 g, AR
A Cow " Slope(Pra)

Cr= = o
i ATa ARA. 1 ARA

Ro agy
Cp of the bridgewire
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1 ARs
— E CrAT a R C
p=—b PR _cpfPew T ¥P glgpe(Pre)
Ats Ats Ats gy * Ro
average dissipated power over range Ry

Pa—Ps ~ ['watts

y = thermal conductance in
® degC

dl
filtered I, and = , respectively

RF n
RF, d— filtered R, and d—R , respectively
(dRFnj
n dt
Tnz(RF —1)- L [d_Tj _ n 1
Ro lo W dt Jp, Ro lo W
bridgewire temperature
P, = IFs* - RFa total dissipated power
En Pn dT
Cp, = AT TAT. E instant C, of the bridgewire
n 7” n
Atn
Eswn CPn-ATx aT power consumed on heating the
Pew, = = =CPn.| — bridgewire proper
n

ATn AThn

Per_ = Pn- Pawn

dtn

power dissipated into the rest of the structures.
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APPENDIX B: Specifications

Applies to: Thermal Response 2012 with Firmware V53.

Analog Parameters

Revised Nov. 17, 2012

Parameter

1000mA Standard TTT

2000mA High Current TTT

Thermal Transient Test Current

10mA to 999mA

20mA to 1999mA

Resistance Test Current

5mA to 100mA

Current setpoint DAC resolution

16 bits

Pulse Duration

0.3ms to 860ms, 0.2ms to

3100ms with VAR option

NOTE: Pulse durations >860ms are dissipation-limited at higher currents.

Current source voltage compliance

7.0 volts

Current source impedance

3.25 ohms

1.2 ohms

Current source noise

75 microamps peak-to-peak

150 microamps peak-to-peak

ADC resolution

16 bits, separate, time synchronous

converters for voltage and current

Voltage ADC range

1.42 volts at full scale

5 volts at full scale

Voltage resolution

43.60 microvolts / bit

152.59 microvolts / bit

Current resolution

30.45 microamps / bit

61.04 microamps / bit

Voltage accuracy

+150 microvolts

+500 microvolts

Current accuracy

+150 microamps

1300 microamps

Acquisition Timing

Parameter

1000mA/2000mA Standard TTT

Variable Acquisition Rate Option

Test Duration

0.3ms to 860ms

0.3ms to 3100ms

Max # of stored samples

8092 current+voltage pairs

Sampling rate, 3 to 107ms pulse
duration

75.2kHz / 13.29us per sample

Sampling rate, up to 205ms pulse
duration

37.6kHz / 26.59us per sample

75.2kHz / 13.29us for 0 to 10 ms,
37.6kHz / 26.59us afterwards

Sampling rate, up to 205ms pulse
duration

37.6kHz / 26.59us per sample

75.2kHz / 13.29us for 0 to 10 ms,
37.6kHz / 26.59us afterwards

Sampling rate, up to 400ms pulse

Same as 860ms pulse

75.2kHz / 13.29us for 0 to 10 ms,
18.8kHz / 53.17us afterwards

Sampling rate, up to 790/860ms
pulse

9.4kHz / 106.34us per sample
860 max duration

75.2kHz / 13.29us for 0 to 10 ms,
9.4kHz / 106.34us afterwards
790ms max duration at this rate

Sampling rate, up to 1570ms pulse | Not supported 75.2kHz / 13.29us for 0 to 10 ms,
4.7kHz / 212.67ps afterwards

Sampling rate, up to 3100ms pulse | Not supported 75.2kHz / 13.29us for 0 to 10 ms,
2.35kHz / 425.35us afterwards

Digital Inputs/Outputs

Parameter Standard TTT Extended I/0

Inputs 2: Interlock, Test Start 4: Please refer to the manual.

Input Type Contact closure 24V sinking logic, active high

Outputs None 8: Please refer to the manual.

Output Type N/A 24V sourcing logic, active high

Trigger output 1, 5V TTL, optional, not available with multiplexer option

Multiplexer support

Optional, not available with trigger output

Last Revision: Nov 07, 2012.
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