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		      AN11024 sdars active antenna 2nd stag e lna with bfu690, 2.33 ghz rev. 1 ? 24 march 2011 application note document information info content keywords lna, 2.33 ghz, bfu690, sdars abstract this application note provides circuit, layout, bom and performance  information for 2.33ghz lna equipped with nxp semiconductors  bfu690 wideband transistor

 AN11024 all information provided in this document is subject to legal disclaimers. ? nxp b.v. 2011. all rights reserved. application note rev. 1 ? 24 march 2011  2 of 19 contact information for more information, please visit:  http://www.nxp.com for sales office addresses, please send an email to:  salesaddresses@nxp.com nxp semiconductors AN11024 sdars active antenna 2nd stage lna with bfu690, 2.33 ghz   revision history rev date description v.1 20110324 initial version

 AN11024 all information provided in this document is subject to legal disclaimers. ? nxp b.v. 2011. all rights reserved. application note rev. 1 ? 24 march 2011  3 of 19 nxp semiconductors AN11024 sdars active antenna 2nd stage lna with bfu690, 2.33 ghz 1. introduction the bfu690 is a wideband s ilicon germanium amplifier tr ansistor intended for high  speed, low noise applications. it is designed  to be used for lna applications such as  gps, satellite radio, cordle ss phone and wireless lan.  the bfu690 comes in a  sot343f package providing 2 emitter pins for better grounding. the bfu690 is ideal in all kind of applicat ions where cost matter s. it also gives the  designer flexibility in his design work. the bfu690 sige low noise transistor is sh own here in a satellite digital audio service  (sdars) active antenna lna application. it  is intended for use as the 2nd stage in a  3 stage sirius lna chain.   the 2.33 ghz lna evaluation bo ard (evb) is designed to ev aluate the performance of  the bfu690 transistor applied as the 2nd stage in a 3 stage sirius lna chain. in this  document, the application diagram, board layout, bill of material, and some typical results  are given. the evaluation board is shown in  figure 2 2320-2332.5 (sirius, 3 stages) fig 1. overview of s dars active antenna lna 019aab735 nxp bfu730 nxp bfu bandpass filter nxp bfu690 g = 15.3 db i dc  = 30 ma nf = 1.47 db p 1db  = +13.9 dbm

 AN11024 all information provided in this document is subject to legal disclaimers. ? nxp b.v. 2011. all rights reserved. application note rev. 1 ? 24 march 2011  4 of 19 nxp semiconductors AN11024 sdars active antenna 2nd stage lna with bfu690, 2.33 ghz   2. general description the bfu690 is a npn silicon germanium micr owave transistor for high speed, low noise  applications in a plastic, 4-pi n dual-emitter sot343f package.  ta b l e 1  shows a summary  of the transistor performance in terms of noise and gain.     fig 2. bfu690, 2.33 ghz lna evaluation board 019aab736 table 1. bfu690 performance in terms of noise and gain measured at v ce =2v;  i c =25ma frequency (ghz) noise figure (db) associated gain (db) 1.5 1.13 19.5 2.4 1.51 15.7 table 2. bfu690 pinning information pin description simplified outline graphic symbol 1emitter 2base 3emitter 4 collector 12 34 mbb159 4 1, 3 2

 AN11024 all information provided in this document is subject to legal disclaimers. ? nxp b.v. 2011. all rights reserved. application note rev. 1 ? 24 march 2011  5 of 19 nxp semiconductors AN11024 sdars active antenna 2nd stage lna with bfu690, 2.33 ghz 3. application board the bfu690 2.33ghz evb simplif ies the evaluation of the bf u690 wideband  transistor,  for this frequency rang e. the evb enables test ing of the device pe rformance and requires  no additional support circuitry. the board is  fully assembled with the bfu690, including  input and output matching, to optimize  the performance. t he input match was a  compromise between the best noise figure  and a low input return loss. the board is  mounted with signal input and output sma connectors for connection to rf test  equipment: 3.1 application circuit the application diagram as supplied on  the evaluation board is shown in  figure 3 .   3.2 board layout   figure 2  shows the board layout with components. fig 3. evaluation board circuit diagram c4 l2 l3 r2 r3 c6 c5 c2 l4 x3 c3 c1 l1 x1 x2 bfu690 r1 v cc  = 3.3 v rf in rf out 019aab738

 AN11024 all information provided in this document is subject to legal disclaimers. ? nxp b.v. 2011. all rights reserved. application note rev. 1 ? 24 march 2011  6 of 19 nxp semiconductors AN11024 sdars active antenna 2nd stage lna with bfu690, 2.33 ghz   3.3 pcb layout a good pcb layout is an essential part of  an rf circuit design. the evb of the bfu690  can serve as a guideline for laying out a board using either the bfu690. use controlled  impedance lines for all high frequency inputs and outputs. bypass supply voltage v cc  with  decoupling capacitors, preferable located as close as possible to the device. for long bias  lines it may be necessary to add decoupling capacitors along the line further away from  the device. proper grounding of the gnd pin is  also essential for the performance. either  connect the gnd pin directly to the ground plane or through vias, or do both. the evb is made of fr4 material using the stack shown in  figure 5   fig 4. component layout for the bu f690 2.33 ghz evaluation board 019aab739 material supplier isola duraver; ?? r = 4.6 to 4.9; t ? =0.02 fig 5. stack of pcb material 019aab740 17 m cu 17 m cu 17 m cu 17 m cu 0.25 mm fr4 critical 0.50 mm fr4 only for mechanical rigidity of pcb 0.25 mm fr4 only for mechanical rigidity of pcb

 AN11024 all information provided in this document is subject to legal disclaimers. ? nxp b.v. 2011. all rights reserved. application note rev. 1 ? 24 march 2011  7 of 19 nxp semiconductors AN11024 sdars active antenna 2nd stage lna with bfu690, 2.33 ghz 3.4 bill of materials   4. required equipment in order to measure the evaluation board the following are necessary: ? dc power supply up to 60 ma at 3.3 v (up to 15 v for bias control) ? rf signal generator capable of generating  an rf signal at the 2.33 ghz operating  frequency ? rf spectrum analyzer covering as a mini mum the 2.33 ghz operating frequency and  some of the harmonics (up to 8 ghz should  be sufficient). optional: a version with the  capability of measuring noi se figure is convenient ? amp meter to measure the supply current (optional) ? network analyzer for measuring gain, return loss and reverse isolation ? noise figure analyzer. 5. connections and setup the bfu690, 2.33 ghz evb is fu lly assembled and  tested. to operat e the evb and test  the device functions follow this step-by-step guide: 1. connect the dc power supply to the v cc  and gnd terminals and set to 3.3 v. 2. connect the rf signal generator and the spectrum analyzer to the rf input and the  rf output of the evb respecti vely. do not yet turn on th e rf output of the signal  generator. set it to   ? 30 dbm output power at 2.33 ghz  and set the spectrum analyzer  to 2.33 ghz center frequency with a reference level of 0 dbm. 3. turn on the dc power supply and it should read approximately 30 ma. 4. enable the rf output of the generator; t he spectrum analyzer displays a tone of  2.33 ghz at approximately 14.7 dbm. table 3. bill of materials component description footprint value manufacturer comment c1, c2 capacitor 0402 1.8 pf murata grm1555 dc blocking c3, c5 capacitor 0402 8.2 pf murata grm1555 lf decoupling c4, c6 capacitor 0402 10 nf murata grm1555 lf decoupling l1 inductor 0402 1.6 nh coilcraft 0603cs; high q, low rs input matching l2 inductor 0402 12 nh murata/lqw15a; high q, low rs input matching /dc bias l3 inductor 0402 3.9 nh murata/lqw15a input matching l4 inductor 0402 4.1 nh murata/lqw15a input matching /dc bias r1 resistor 0402 9.1 k ? various bias setting r2 resistor 0402 22 ? various stability r3 resistor 0402 15 ? various bias setting temp stability x1, x2 sma  rf connector - - johnson, end launch sma  142-0701-841 rf input/ rf output x3 dc header - - molex, pcb header, right angle,  1 row, 3 way, part no: 90121-0763 bias connector

 AN11024 all information provided in this document is subject to legal disclaimers. ? nxp b.v. 2011. all rights reserved. application note rev. 1 ? 24 march 2011  8 of 19 nxp semiconductors AN11024 sdars active antenna 2nd stage lna with bfu690, 2.33 ghz 5. a network analyzer (nwa) can be used instead of a signal generator and spectrum  analyzer in order to measure both gain and input and output return losses. 6. for noise figure evaluation use either a no ise figure analyzer or a spectrum analyzer  with noise option. the use of a 15 db noise source, such as the agilent 364b is  recommended. when measuring the noise figure  of the evaluation board, any kind of  adaptors, cables etc,  between the noise so urce and the evb should  be avoided, since  this affects the noise performance.   6. typical evb results   fig 6. evaluation board showing its connections 019aab741 rfin rfout v cc gnd table 4. typical results measured on the evaluation board t=25 ? c; f = 2.33 ghz unless  otherwise specified symbol parameter bfu690 evb unit  nf noise figure 1.47 [1] db g p power gain 15.3 [1] db irl input return loss 10 db orl output return loss 17 db ? isol(r) reverse isolation 20.7 db p i(1db) input power at 1 db gain  compression ? 0.48 dbm

 AN11024 all information provided in this document is subject to legal disclaimers. ? nxp b.v. 2011. all rights reserved. application note rev. 1 ? 24 march 2011  9 of 19 nxp semiconductors AN11024 sdars active antenna 2nd stage lna with bfu690, 2.33 ghz [1] the nf and gain figures are measured at the sm a connectors of the evb, so the connector and pcb  losses are not subtracted. if subtracted t he nf will improve by approximately 0.1 db. 6.1 noise figure     p l(1db) output power at 1 db  gain compression 13.9 dbm ip3 i input third order  intercept point 12.85 dbm ip3 o output third order  intercept point 28.15 dbm table 4. typical results measured on the evaluation board  ?continued t=25 ? c; f = 2.33 ghz unless  otherwise specified symbol parameter bfu690 evb unit  2290 mhz to 2390 mhz. center of plot (x-axis) is 2333 mhz. ref = ? 62 dbm, swt = 100 ms. (1) gain. (2) nf. fig 7. noise figure plot table 5. noise figure tabular data from rohde & schwarz fsu frequency list results rf (ghz) nf (db) noise temp (k) gain (db) 2.290 1.456 115.508 15.758 2.300 1.445 114.499 15.699 2.310 1.445 114.486 15.601 2.320 1.450 114.944 15.468 2.330 1.468 116.673 15.297 2.340 1.499 119.495 15.124 (rf) 2.290 ghz 2.390 ghz 10.000 mhz/div 019aab742 2 3 1 4 5 0 10 12 8 14 16 6 (2) (1) nf g

 AN11024 all information provided in this document is subject to legal disclaimers. ? nxp b.v. 2011. all rights reserved. application note rev. 1 ? 24 march 2011  10 of 19 nxp semiconductors AN11024 sdars active antenna 2nd stage lna with bfu690, 2.33 ghz 6.2 gain compression test the network analyzer is set to cw mode: e.g. set to a single frequency, with power  sweep. input power  is swept from  ? 25 dbm to +5 dbm at 2332.5 mhz. the amplifier  reaches input 1 db compression point (p i(1db) ) at  ? 0.48 dbm input power. output p l(1db) = ? 0.48 dbm + 14.4 db gain at p l(1db)  point  ?  +13.9 dbm, or 24.5 mw   2.350 1.528 122.291 14.968 2.360 1.564 125.712 14.875 2.370 1.587 127.888 14.822 2.380 1.601 129.290 14.810 2.390 1.607 129.874 14.750 table 5. noise figure tabular data  ?continued from rohde & schwarz fsu frequency list results rf (ghz) nf (db) noise temp (k) gain (db) (1) tr 3 b2/a1.1 logm 10.00 dbm/0.00 dbm:  ? 25.0000 dbm; 15.396 db. (2) tr 3 b2/a1.1 logm 10.00 dbm/ 0.00 dbm:  ? 480.0000 mdbm; 14.432 db. (3) tr 2 b2/1 logm 10.00 dbm/ 0.00 dbm:  ? 480.0000 mdbm; 13.902 dbm. fig 8. gain compression test plot >ch1: start  -25.000 dbm stop  5.000 dbm cw  2.33250 019aab744 -10.00 10.00 -30.00 30.00 50.00 -50.00 (3) (2) (1)

 AN11024 all information provided in this document is subject to legal disclaimers. ? nxp b.v. 2011. all rights reserved. application note rev. 1 ? 24 march 2011  11 of 19 nxp semiconductors AN11024 sdars active antenna 2nd stage lna with bfu690, 2.33 ghz 6.3 input return losses 6.3.1 log mag   10mhzto6ghz. tr 1 s11 logm 2.000 db/ ? 10.0 db. (1) 2.320000 ghz;  ? 10.632 db. (2) 2.345000 ghz;  ? 9.0084 db. fig 9. input return loss plot >ch1: start 10.000 mhz stop 6.00000 ghz 019aab745 -12.00 -8.00 -16.00 -4.00 0.00 -20.00 (1) (2)

 AN11024 all information provided in this document is subject to legal disclaimers. ? nxp b.v. 2011. all rights reserved. application note rev. 1 ? 24 march 2011  12 of 19 nxp semiconductors AN11024 sdars active antenna 2nd stage lna with bfu690, 2.33 ghz 6.3.2 smith chart   reference plane = input sma connector on pcb. 10mhzto6ghz. fig 10. smith chart of input return loss     019aab746

 AN11024 all information provided in this document is subject to legal disclaimers. ? nxp b.v. 2011. all rights reserved. application note rev. 1 ? 24 march 2011  13 of 19 nxp semiconductors AN11024 sdars active antenna 2nd stage lna with bfu690, 2.33 ghz 6.4 forward gain, wide sweep   6.5 reverse isolation   10mhzto6ghz. tr 1 s21 logm 2.000 db/10.0 db. (1) 2.320000 ghz; 15.380 db. (2) 2.345000 ghz; 15.110 db. fig 11. forward gain plot >ch1: start 10.000 mhz stop 6.00000 ghz 019aab747 8.00 12.00 4.00 16.00 20.00 0.00 (2) (1) 10mhzto6ghz. tr 1 s12 logm 2.000 db/ ? 20.0 db. (1) 2.320000 ghz;  ? 20.762 db. (2) 2.345000 ghz;  ? 20.850 db. fig 12. reverse isolation plot >ch1: start 10.0000 mhz stop 6.00000 ghz 019aab748 -22.00 -18.00 -26.00 -14.00 -10.00 -30.00 (2) (1)

 AN11024 all information provided in this document is subject to legal disclaimers. ? nxp b.v. 2011. all rights reserved. application note rev. 1 ? 24 march 2011  14 of 19 nxp semiconductors AN11024 sdars active antenna 2nd stage lna with bfu690, 2.33 ghz 6.6 output return losses 6.6.1 log mag   10mhzto6ghz. tr 1 s22 logm 2.000 db/ ? 10.0 db. (1) 2.320000 ghz;  ? 19.453 db. (2) 2.345000 ghz;  ? 16.948 db. fig 13. output return loss plot (1) >ch1: start 10.0000 mhz stop 6.00000 ghz 019aab749 -12.00 -8.00 -16.00 -4.00 0.00 -20.00 (2)

 AN11024 all information provided in this document is subject to legal disclaimers. ? nxp b.v. 2011. all rights reserved. application note rev. 1 ? 24 march 2011  15 of 19 nxp semiconductors AN11024 sdars active antenna 2nd stage lna with bfu690, 2.33 ghz 6.6.2 smith chart   reference plane = input sma connector on pcb. 10mhzto6ghz. fig 14. smith chart of output return loss     019aab750

 AN11024 all information provided in this document is subject to legal disclaimers. ? nxp b.v. 2011. all rights reserved. application note rev. 1 ? 24 march 2011  16 of 19 nxp semiconductors AN11024 sdars active antenna 2nd stage lna with bfu690, 2.33 ghz 6.7 2-tone test at 2332 mhz 6.7.1 input stimulus for amplifier 2-tone test   f 1 = 2332 mhz; f 2 =2333mhz;  ? 17 dbm each tone fig 15. 2 tone test input stimulus at 2332 mhz 019aab751

 AN11024 all information provided in this document is subject to legal disclaimers. ? nxp b.v. 2011. all rights reserved. application note rev. 1 ? 24 march 2011  17 of 19 nxp semiconductors AN11024 sdars active antenna 2nd stage lna with bfu690, 2.33 ghz 6.7.2 lna response to 2-tone test   7. abbreviations   input ip3 = ? 17 + 59.7 ? 2 = +12.85 dbm output ip3 = +12.85 + 15.3 db gain = +28.15 dbm fig 16. 2 tone test lna response at 2332 mhz 019aab752 table 6. abbreviations acronym description evb evaluation board gps global positioning system lan local area network lna low noise amplifier nwa network analyzer rf radio frequency sdars satellite digital audio service

 AN11024 all information provided in this document is subject to legal disclaimers. ? nxp b.v. 2011. all rights reserved. application note rev. 1 ? 24 march 2011  18 of 19 nxp semiconductors AN11024 sdars active antenna 2nd stage lna with bfu690, 2.33 ghz 8. legal information 8.1 definitions draft ?  the document is a draft versi on only. the content is still under  internal review and subject to formal approval, which may result in  modifications or additions. nxp  semiconductors does not give any  representations or warranties as to the accuracy or completeness of  information included herein and shall hav e no liability for the consequences of  use of such information. 8.2 disclaimers limited warranty and liability ?  information in this document is believed to  be accurate and reliable. however, nxp semiconductors does not give any  representations or warranties, expressed or implied, as to the accuracy or  completeness of such information and shall have no liability for the  consequences of use of such information.  in no event shall nxp semiconductors  be liable for any indirect, incidental,  punitive, special or consequential damages (including - without limitation - lost  profits, lost savings, business interruption, costs related to the removal or  replacement of any products or rework charges) whether or not such  damages are based on tort (including negligence), warranty, breach of  contract or any other legal theory.  notwithstanding any damages that customer might incur for any reason  whatsoever, nxp semiconductors? aggregate and cumulative liability towards  customer for the products described herein shall be limited in accordance  with the  terms and conditions of commercial sale  of nxp semiconductors. right to make changes ?  nxp semiconductors reserves the right to make  changes to information published in  this document, including without  limitation specifications and product descriptions, at any time and without  notice. this document supersedes and replaces all information supplied prior  to the publication hereof. suitability for use ?  nxp semiconductors products are not designed,  authorized or warranted to be suitable for use in life support, life-critical or  safety-critical systems or equipment, nor in applications where failure or  malfunction of an nxp semiconductors  product can reasonably be expected  to result in personal injury, death or severe property or environmental  damage. nxp semiconductors accepts no  liability for inclusion and/or use of  nxp semiconductors products in su ch equipment or applications and  therefore such inclusion and/or use is at the customer?s own risk. applications ?  applications that are described herein for any of these  products are for illustrative purpos es only. nxp semiconductors makes no  representation or warranty that such applications will be suitable for the  specified use without further testing or modification.  customers are responsible for the design and operation of their applications  and products using nxp semiconducto rs products, and nxp semiconductors  accepts no liability for any assistance wi th applications or customer product  design. it is customer?s sole responsibility to determine whether the nxp  semiconductors product is suitable and fit for the customer?s applications and  products planned, as well as fo r the planned application and use of  customer?s third party customer(s). customers should provide appropriate  design and operating safeguards to minimize the risks associated with their  applications and products.  nxp semiconductors does not accept  any liability related to any default,  damage, costs or problem which is based  on any weakness or default in the  customer?s applications or products, or  the application or use by customer?s  third party customer(s). customer is responsible for doing all necessary  testing for the customer?s applic ations and products using nxp  semiconductors products in order to av oid a default of the applications and  the products or of the application or use by customer?s third party  customer(s). nxp does not accept  any liability in this respect. export control ?  this document as well as the item(s) described herein  may be subject to export control regulations. export might require a prior  authorization from national authorities. evaluation products ?  this product is provided on an ?as is? and ?with all  faults? basis for evaluati on purposes only. nxp semico nductors, its affiliates  and their suppliers expressly disclaim all warranties, whether express, implied  or statutory, including but not limited to the implied warranties of  non-infringement, merchantability and fitness for a particular purpose. the  entire risk as to the quality, or arising out of the use or performance, of this  product remains with customer. in no event shall nxp semiconductors, its affiliates or their suppliers be liable  to customer for any special, indirect, consequential, punitive or incidental  damages (including without limitation damages for loss of business, business  interruption, loss of use, loss of data or information, and the like) arising out  the use of or inability to use the product, whether or not based on tort  (including negligence), strict liability, breach of contract, breach of warranty or  any other theory, even if advised of the possibility of such damages.  notwithstanding any damages that customer might incur for any reason  whatsoever (including without limitat ion, all damages referenced above and  all direct or general damages), the entire liability of nxp semiconductors, its  affiliates and their suppliers and custom er?s exclusive remedy for all of the  foregoing shall be limited to actual damages incurred by customer based on  reasonable reliance up to the greater of  the amount actually paid by customer  for the product or five dollars (us$5.00) . the foregoing limitations, exclusions  and disclaimers shall apply to the ma ximum extent permitted by applicable  law, even if any remedy fails of its essential purpose. 8.3 trademarks notice: all referenced brands, produc t names, service names and trademarks  are the property of their respective owners.
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