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		  january 2013 doc id 024143 rev 1 1/12 AN4233 application note sound terminal ? : a method for measuring  the total thermal resistance (r th ) in the final application by marco brugora introduction the purpose of this document is to provide a methodology for measuring the total thermal  resistance junction-to-ambient (r th j-a ) of a sound terminal ?  amplifier in a final application.  the methodology allows identifying r th , considering the effect of the pcb and in particular  the influence of the gnd plane, the number of layers of the board, and the copper  connective paths. www.st.com
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 AN4233 description doc id 024143 rev 1 3/12 1 description as mentioned, this test methodology allows measuring with high accuracy r th j-a  of the  sound terminal ?  amplifier when it is assembled in a pcb. to perform the test it is not necessary to modify the hardware in the final application  although some registers must be configured in order to have the appropriate setup of the  device.  setting the registers to have ternary modulation and with no input signal (or amplitude  < ?60 dbfs), each output of the power stage w ill be set to gnd. conn ecting the output to a  positive source and with a resistor  connected in series to limit the current, it is possible to  sink a dc current from the output. a reliable and cheap method to measure the output  current is to convert the current to voltage using a high-precision sense resistor (for instance  0.1   ) connected in series to each output. using a  voltmeter it is possible to also measure  the voltage level on the output of each bridge and this information, along with the current  level, allows calculating with high accurancy the rdson of each power output (only for the  low-side portion of the output bridge). 1.1  equipment needed and hw and sw configuration to perform the measurement, the equipment and the settings are summarized as follows: register setting : the device must be set to have ternary modulation scheme. output loads : four dummy resistors must be connected to each bridge output and  connected to a positive supply voltage (vdd or vcc).  input signal : it must be null or < ?60 dbfs. high precision resistor (r sense ) : four sense resistors with very low resistive value (for  instance 0.1   ) must be connected in series between each output and the load. these  will be used to r ead the current (i out  = v rsense /r sense ) current meter (dc) : a current meter must be inserted in series to each supply  sources; specifically vdd (+3.3 v) and vcc mu st be monitored. the series resistance of  this equipment must be very low to avoid adding any unwanted voltage drop. voltmeters (dc) : a voltmeter will be us ed to measure  both vdd and  vcc after the  current meter and to measure the voltage across each sense resistor. the accuracy of  this equipment must be precise enough to measure the low voltage levels present  across each sense resistor. this  equipment will be us ed to measure v rsense  and v out . thermal camera : a thermal camera must be used to measure the device temperature.  care must be taken to avoid any possible mistake during the temperature  measurement; it is mandatory to define the right emission coefficient and to avoid  reflection from the device package (special paint could be used or a small portion of  non-reflective tape could be applied on top of the case). it is mandatory to use a  thermal camera with a resolution high enough to discriminate the surface of the device.  it is not recommended to use an ir thermometer because with this tool it is not  possible to measure with suff icient precision the device due to the optical angle and  also the position of the beam.  from the description above it is clear that all the measurements have been performed in the  dc domain. this aspect is very important because whatever parasitic effects due to the  pwm switching signal will be cancelled as well as the losses in the snubber networks, 

 description AN4233 4/12 doc id 024143 rev 1 output dumping network and in the magnetic materials, all of which are usually difficult to  estimate. 1.2 test procedure the steps to perform the test are as follows:  1. connect the board to the supply generators (vcc, vdd; vdd could be provided by the  apwlink if this board is connected to the dut)  2.  connect the outputs to the series made by the sense resistors and limiter resistors to a  positive supply source. the voltage source could be the same used to supply the  device (vcc), in this manner simplifying the connections and the number of psus. the  limiter resistor must be selected to reach the target current to sink from each output. 3.  set the digital input to have no audio input signal.  4.  turn on the psus. 5.  set the device register to have a ternary modulation. this action could be executed  using an apwlink board and the apworkbench software. 6.  measure using the voltmeter each supply voltage and adjust the level if it is too low due  to the additional voltage drop caused by the current meter internal resistance. 7.  read the current sunk from each supply source. 8.  with a voltmeter, for each output measure the voltage across the sense resistor (this  level allows knowing the output current) and the voltage between the output pin and  gnd. this last measurement allows measuring the voltage drop inside the device due  to rdson. the measurement must be carried out, positioning the voltage probe as  close as possible to the output pin or output ball to avoid any voltage drop due to the  copper track. 9.  with the thermal camera measure the device temperature. it is mandatory to wait to  have a stable measurement and then save the thermal picture. the above sequence can be repeated, setting some output current levels and modifying the  vcc supply level.

 AN4233 schematic diagram doc id 024143 rev 1 5/12 2 schematic diagram figure 1  shows the schematic diagram which indicates the current meters connected in  series to vdd and vcc and the 8 test points dedicated to measure v_r sense  and the vout  level for each channel.  rs1 through rs4 are the sense resistors and r1 through r4 are the resistors used to limit  the current flowing from vcc to the output. figure 1. schematic diagram  

 test results with the sta333is and 2- or 4-layer pcb AN4233 6/12 doc id 024143 rev 1 3  test results with the sta333 is and 2- or 4-layer pcb the following examples show the results achieved when testing the sta333is device  assembled in two different boards, the first one has 2 layers while the second one has 4  layers. the test has also been performed with two different output current levels (500 ma  and 1000 ma) for each board. 3.1  sta333is: 500 ma output  current and 2-layer pcb                     figure 2. sta333is: 500 ma output current and 2-layer pcb - thermal measurement table 1. sta333is: 500 ma output current and 2-layer pcb - current measurement r sense [m  ] v_r sense [mv] i_channel [a] v rds [mv] p rds [mw] rds [m  ] vcc [v] i_vcc [ma] vdd [v] i_vdd [ma] out 1a 100 51.53 0.5153 65.88 33.947964 127.84786 8.4 19.6 3.3 31 out 1b 100 51.53 0.5153 72.89 37.560217 141.45158 out 2a 100 51.42 0.5142 73.43 37.757706 142.80436 out 2b 100 51.65 0.5165 67.28 34.75012 130.26137 table 2. sta333is: 500 ma output current and 2-layer pcb - power dissipation power_output [w] 0.14402 w power_vdd [w] 0.1023 w power_vcc [w] 0.16464 w

 AN4233 test results with the sta333is and 2- or 4-layer pcb doc id 024143 rev 1 7/12           3.2  sta333is: 1000 ma output  current and 2-layer pcb                     figure 3. sta333is: 1000 ma output current  and 2-layer pcb 2 - thermal measurement table 3. sta333is: 500 ma output current and 2-layer pcb - summary table total power [w] 0.41096 w temperature (case) [c] 44.8 c temperature (ambient) [c] 26 c r th  [k/w] 45.747 c/w table 4. sta333is: 1000 ma output current and 2-layer pcb - current measurement r sense [m  ] v_r sense [mv] i_channel [a] v rds [mv] p rds [mw] rds [m  ] vcc [v] i_vcc [ma] vdd [v] i_vdd [ma] out 1a 100 102.8 1.028 147.7 151.8356 143.67704 17.05 19.87 3.3 32 out 1b 100 103.9 1.039 162.63 168.97257 156.52551 out 2a 100 103.7 1.037 163.1 169.1347 157.28062 out 2b 100 104.24 1.0424 149.63 155.97431 143.54375 table 5. sta333is: 1000 ma output current and 2-layer pcb - power dissipation power_output [w] 0.64592 w power_vdd [w] 0.1056 w power_vcc [w] 0.33878 w

 test results with the sta333is and 2- or 4-layer pcb AN4233 8/12 doc id 024143 rev 1           3.3  sta333is: 500 ma output  current and 4-layer pcb                      figure 4. sta333is: 500 ma output current and 4-layer pcb - thermal measurement table 6. sta333is: 1000 ma output current and 2-layer pcb - summary table total power [w] 1.0903 w temperature (case) [c] 72.3 c temperature (ambient) [c] 24 c r th  [k/w] 44.300 c/w table 7. sta333is: 500 ma output current and 4-layer pcb - current measurement r sense [m  ] v_r sense [mv] i_channel [a] v rds [mv] p rds [mw] rds [m  ] vcc [v] i_vcc [ma] vdd [v] i_vdd [ma] out 1a 100 51.1 0.511 65.15 33.29165 127.49511 8.36 19.21 3.3 32 out 1b 100 50.46 0.5046 69.55 35.09493 137.83195 out 2a 100 50.94 0.5094 69.9 35.60706 137.22026 out 2b 100 51.1 0.511 64.8 33.1128 126.81018 table 8. sta333is: 500 ma output current and 4-layer pcb - power dissipation power_output [w] 0.13711 w power_vdd [w] 0.1056 w power_vcc [w] 0.1606 w

 AN4233 test results with the sta333is and 2- or 4-layer pcb doc id 024143 rev 1 9/12           3.4  sta333is: 1000 ma output  current and 4-layer pcb                     figure 5. sta333is: 1000 ma output curre nt and 4-layer pcb - thermal measurement table 9. sta333is: 500 ma output current and 4-layer pcb - summary table total power [w] 0.4033 w temperature (case) [c] 42 c temperature (ambient) [c] 26 c r th  [k/w] 39.672 c/w table 10. sta333is: 1000 ma output current and 4-layer pcb - current measurement r sense [m  ] v_r sense [mv] i_channel [a] v rds [mv] p rds [mw] rds [m  ] vcc [v] i_vcc [ma] vdd [v] i_vdd [ma] out 1a 100 101.8 1.018 137 139.466 134.5776 16.58 19.5 3.3 32 out 1b 100 100.5 1.005 146.5 147.2325 145.77114 out 2a 100 101.4 1.014 147.5 149.565 145.46351 out 2b 100 101.9 1.019 137 139.603 134.44553 table 11. sta333is: 1000 ma output current and 4-layer pcb - power dissipation power_output [w] 0.57587 w power_vdd [w] 0.1056 w power_vcc [w] 0.32331 w

 conclusion AN4233 10/12 doc id 024143 rev 1           4 conclusion this methodology is very simple to implement because it measures only dc current and  voltage levels. the result achieved is very reliable. the flexibility and the easy co nfigurability of the external  components allow implementing  tests with any output current level, estimating the thermal behavior with the operating  condition using the same pcb used in the final application. another positive aspect is that this methodology provides an estimation of the combination  of rdson + output pcb tracks. this data is useful for evaluating the proper connection of  the output pads or balls. table 12. sta333is: 1000 ma output current and 4-layer pcb - summary table total power [w] 1.00478 w temperature (case) [c] 60.9 c temperature (ambient) [c] 26 c r th  [k/w] 34.734 c/w

 AN4233 revision history doc id 024143 rev 1 11/12 5 revision history           table 13. document revision history date revision changes 16-jan-2013 1 initial release.

 AN4233 12/12 doc id 024143 rev 1             please read carefully: information in this document is provided solely in connection with st products. stmicroelectronics nv and its subsidiaries (?st ?) reserve the right to make changes, corrections, modifications or improvements, to this document, and the products and services described he rein at any time, without notice. all st products are sold pursuant to st?s terms and conditions of sale. purchasers are solely responsible for the choice, selection and use of the st products and services described herein, and st as sumes no liability whatsoever relating to the choice, selection or use of the st products and services described herein. no license, express or implied, by estoppel or otherwise, to any intellectual property rights is granted under this document. i f any part of this document refers to any third party products or services it shall not be deemed a license grant by st for the use of such third  party products or services, or any intellectual property contained therein or considered as a warranty covering the use in any manner whatsoev er of such third party products or services or any intellectual property contained therein. unless otherwise set forth in st?s terms and conditions of sale st disclaims any express or implied warranty with respect to the use and/or sale of  st products including without limitation implied warranties of merchantability, fitness for a parti cular purpose (and their equivalents under the laws of any jurisdiction), or infringement of any patent, copyright or other intellectual property right. unless expressly approved in writing by two authorized st representatives, st products are not recommended, authorized or warranted for use in milita ry, air craft, space, life saving, or life sustaining applications, nor in products or systems where failure or malfunction may result in personal injury, death, or severe property or environmental damage. st products which are not specified as "automotive grade" may only be used in automotive applications at user?s own risk. resale of st products with provisions different from the statements and/or technical features set forth in this document shall  immediately void any warranty granted by st for the st product or service described herein and shall not create or extend in any manner whatsoev er, any liability of st. st and the st logo are trademarks or registered trademarks of st in various countries. information in this document supersedes and replaces all information previously supplied. the st logo is a registered trademark of stmicroelectronics. all other names are the property of their respective owners. ? 2013 stmicroelectronics - all rights reserved stmicroelectronics group of companies australia - belgium - brazil - canada - china - czech republic - finland - france - germany - hong kong - india - israel - ital y - japan -  malaysia - malta - morocco - philippines - singapore - spain - sweden - switzerland - united kingdom - united states of america www.st.com
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