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		  july 2007 rev 13  1/6 AN1232 application note ruggedness improvement of rf dmos devices introduction rf amplifiers often experience impedance mismatch between output and load. such an  impedance mismatch generates a reflected wave towards the rf power transistor, making a  much more stringent working environment for the transistor. working conditions grow critical  when the load is disconnected from the output of  the rf power transistor, since, in this case,  the reflected wave amplitude becomes comparable to the incident one. rf transistors are able to withstand severe impedance mismatch conditions particularly  essential for applications such as plasma generators or nuclear magnetic resonators which  operate under rough conditions. dmos devices used in such applications appeared to lack  the necessary ruggedness when operating under severe rf load mismatch conditions. this  weakness was believed to be intrinsic. based on the need to improve the ruggedness of rf power dmos, an investigation was  carried out and a theoretical model simulating the failure mode mechanism was developed.  finally, relevant corrective actions were   undertaken. www.st.com

 proposed model AN1232 2/6   1 proposed model figure 1. npn bipolar parasitic transistor under impedance mismatch conditions the rf power transistor is subjected to a reflected  wave with an amplitude that cannot be controlled and, in the worse case, with a voltage  value that can exceed the bv dss  of the device itself. hence, the dmos works as a voltage  clamp for this wave. under such conditions the  device is subjected to an electric current  whose amplitude is proportional to the power of the incident wave. simultaneously, the  dmos experiences a temperature rise proportional to the duration, voltage swing (bv dss )  and amplitude of the above current. in the dmos cross section, shown in  figure 1 , the  presence of an npn bipolar parasitic transistor, in which the base and emitter are shorted by  means of the dmos source metalliz ation, are clearly noticeable. under static conditions the parasitic transistor is inhibited by the short circuit, but under  dynamic conditions, when the reverse breakdown current flows through the device, the short  circuit condition itself is modi fied. in fact, this current crosses the base-emitter junction  through the base resistance which is increased by the depletion layer due to the reverse  voltage. this results in a variation in v be . we can assume that: equation 1 if i dis  (base distributed current) and r be  (base distributed resistance) are large enough, the  potential on the emitter side opposed to the short circuit is sufficient to turn on the bipolar  transistor, thus concentrating the current and destroying the device. a simplified model was developed (see  figure 2 ) to simulate the mism atch condition on the  drain of the dmos by means of the inductance l. v be r be i dis ? =

 AN1232 proposed model 3/6 figure 2. mismatch condition model during the turnoff period the device is in breakdown condition and subjected to the current  induced by the inductance, thus the device dissipates power. of course, depending on the  turnoff duration, we have to distinguish between the turn-on of the parasitic transistor and  the thermal derating, with relevant operations out of the reverse safe operating area of the  dmos. in fact, during such operations it is possible that the device exceeds the maximum  allowed junction temperature (200 c). in the case of load mismatch, however, the value of  the inductance is far from causing a thermal overstress. therefore, a turn-on due to r be  is  far more likely to happen. another occurrence is when the voltage, due to the reflected wave, is applied on the drain of  the dmos at zero current. in this case the capacitance of the body-drain junction is  involved. this capacitance suddenly changes value due to the changed potential, hence  making a current whose value is given by: equation 2 this together with  equation 1  gives: equation 3 therefore, one can see that even a zero current switching condition can cause the turn-on of  the parasitic transistor. i dis c bd dv dt ------- ? = v be r be c bd dv dt ------- ? ? =

 actions AN1232 4/6   2 actions in order to validate the model several tests were performed. the failure current was  measured during a uis (unclamped inductive switching) test. in particular the failure  current density was also te sted. results are listed in  ta bl e 1 . in a typical dmos structure the body acts as  the base of the parasitic transistor while the  source behaves as the emitter. the r s  pinched values are typically in the kws range. by  using the existing diffusion processes it is not  possible to change the body doping value in  order to reduce either the dc gain (h fe ) or the r be . this would have a dramatic impact on the  dmos threshold voltage. the only way to work on the parasitic transistor, without changing  the characteristics of the dmos, is to add a further doping level called deep-body doping.  by doing so the r s  pinched is dramatically reduced to 100 ohm/square and the dc gain (h fe )  of the parasitic transistor becomes close to one . this extra doping is implanted following the  body doping process and prior to the body  diffusion process. the dmos structure is  therefore modified as shown in  figure 3 . figure 3. deep body doping since the deep body process is separated from the main body process (a further masking  level and implant are required), typical dmos parameters are unaffected. optimum values  for uis and in vswr can be obtained by using this structure and varying the deep body  implant doses. results from the test performed on the sd2921 device are listed in   ta bl e 1 . table 1. uis and vswr output mismatch vs deep body dose deep body dose  uis failure (a)  vswr  none 10  5:1  1e15 26  15:1  2e15 39  20:1  3e15 45  30:1 

 AN1232 conclusion 5/6 3 conclusion we have demonstrated that dmos ruggedness, under varying load mismatches, is  dramatically improved with a single implant process through photoresist without modifying  the dmos layout. also, rf power performances remain unaffected. from now on, deep  body doping process will be applied to  all products in the production phase. vswr, a characteristic ruggedness parameter for rf power transistors, is linked to the  standard ruggedness parameters of the dmos. therefore, a uis test, easily implemented  and commonly applied in ews (electrical wafer sort), can give useful information on the  ruggedness of rf power devices. 4 revision history table 2. revision history date revision changes 21-jun-2004 12 minor text changes 30-jul-2007 13 the document has been reformatted

 AN1232 6/6               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 an authorized st representative, 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. ? 2007 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 - singapore - spain - sweden - switzerland - united kingdom - united states of america www.st.com
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