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		  Datasheet File OCR Text:


		  cy29fct818t diagnostic scan register with 3-state outputs   sccs012b ? may 1994 ? revised november 2001 1 post office box 655303  ?  dallas, texas 75265  function, pinout, and drive compatible with fct, f logic, and am29818  reduced v oh  (typically = 3.3 v) version of equivalent fct functions  edge-rate control circuitry for significantly improved noise characteristics  i off  supports partial-power-down mode operation  matched rise and fall times  fully compatible with ttl input and output logic levels  8-bit pipeline and shadow register  esd protection exceeds jesd 22 ?  2000-v human-body model (a114-a) ?  200-v machine model (a115-a) ?  1000-v charged-device model (c101)  cy29fct818ct ?  64-ma output sink current ?  32-ma output source current  cy29fct818atdmb ?  20-ma output sink current ?  3-ma output source current  3-state outputs description the cy29fct818t contains a high-speed 8-bit general-purpose data pipeline register and a high-speed 8-bit shadow register. the general-purpose register can be used in an 8-bit-wide data path for a normal system application. the shadow register is designed for applications such as diagnostics in sequential circuits, where it is desirable to load known data at a specific location in the circuit and to read the data at that location. the shadow register can load data from the output of the device, and can be used as a right-shift register with bit-serial input (sdi) and output (sdo), using dclk. the data register input is multiplexed to enable loading from the shadow register or from the data input pins, using pclk. data can be loaded simultaneously from the shadow register to the pipeline register, and from the pipeline register to the shadow register, provided setup-time and hold-time requirements are satisfied, with respect to the two independent clock inputs. in a typical application, the general-purpose register in this device replaces an 8-bit data register in the normal data path of a system. the shadow register is placed in an auxiliary bit-serial loop that is used for diagnostics. during diagnostic operation, data is shifted serially into the shadow register, then transferred to the general-purpose register to load a known value into the data path. to read the contents at that point in the data path, the data is transferred from the data register into the shadow register, then shifted serially in the auxiliary diagnostic loop to make it accessible to the diagnostics controller. this data then is compared with the expected value to diagnose faulty operation of the sequential circuit. this device is fully specified for partial-power-down applications using i off . the i off  circuitry disables the outputs, preventing damaging current backflow through the device when it is powered down. copyright  ?  2001, texas instruments incorporated production data information is current as of publication date. products conform to specifications per the terms of texas instruments standard warranty. production processing does not necessarily include testing of all parameters.   please be aware that an important notice concerning availability, standard warranty, and use in critical applications of texas instruments semiconductor products and disclaimers thereto appears at the end of this data sheet. d, p, q, or so package (top view) 1 2 3 4 5 6 7 8 9 10 11 12 24 23 22 21 20 19 18 17 16 15 14 13 oe dclk d 0 d 1 d 2 d 3 d 4 d 5 d 6 d 7 sdi gnd v cc mode y 0 y 1 y 2 y 3 y 4 y 5 y 6 y 7 sdo pclk on products compliant to mil-prf-38535, all parameters are tested unless otherwise noted. on all other products, production processing does not necessarily include testing of all parameters.

 cy29fct818t diagnostic scan register with 3-state outputs   sccs012b  ?  may 1994  ?  revised november 2001 2 post office box 655303  ?  dallas, texas 75265 ordering information t a package ? speed (ns) orderable part number top-side marking dip  ?  p tube 6 cy29fct818ctpc cy29fct818ctpc 40  cto85  c qsop  ?  q tape and reel 6 cy29fct818ctqct 29fct818c ? 40  c   to   85  c soic so tube 6 CY29FCT818CTSOC 29fct818c soic   ?   so tape and reel 6 CY29FCT818CTSOCt 29fct818c ? 55  c to 125  c cdip  ?  d tube 12 cy29fct818atdmb ? package drawings, standard packing quantities, thermal data, symbolization, and pcb design guidelines are available at www.ti.com/sc/package. function table inputs output shadow pipeline operation mode sdi dclk pclk sdo register register operation l x  x s 7 s 0  sdi s i  s i ? 1 na serial shift; d 7 ? d 0  output disabled l x x  s 7 na p i  d i load pipeline register from data input h l  xl s i  y i na load shadow register from y output h h  xh hold na hold shadow register; d 7 ? d 0  output enabled h x x  sdi na p i  s i load pipeline register from shadow register h = high logic level, l = low logic level, x = don ? t care,    low-to-high transition,    = transfer direction, na = not applicable

 cy29fct818t diagnostic scan register with 3-state outputs   sccs012b  ?  may 1994  ?  revised november 2001 3 post office box 655303  ?  dallas, texas 75265 logic diagram 2 13 1 clk 8-bit shadow register 8-bit pipeline register 11 23 sdi dclk mode pclk oe q sd0 d 0 ? d 7 p 0 ? p 7 y 0 ? y 7 s 0 ? s 7 d mux 8 8 8 8 14 absolute maximum rating over operating free-air temperature range (unless otherwise noted) ? supply voltage range to ground potential  ? 0.5 v to 7 v . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  dc input voltage range  ? 0.5 v to 7 v . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  dc output voltage range  ? 0.5 v to 7 v . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  dc output current (maximum sink current/pin)  120 ma . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  package thermal impedance,   ja  (see note 1): p package 67  c/w . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (see note 2): q package 61  c/w . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (see note 2): so package 46  c/w . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ambient temperature range with power applied, t a   ? 65  c to 135  c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  storage temperature range, t stg   ? 65  c to 150  c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ? stresses beyond those listed under  ? absolute maximum ratings ?  may cause permanent damage to the device. these are stress ratings only, and functional operation of the device at these or any other conditions beyond those indicated under  ? recommended operating conditions ?  is not implied. exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. notes: 1. the package thermal impedance is calculated in accordance with jesd 51-3. 2. the package thermal impedance is calculated in accordance with jesd 51-7.

 cy29fct818t diagnostic scan register with 3-state outputs   sccs012b  ?  may 1994  ?  revised november 2001 4 post office box 655303  ?  dallas, texas 75265 recommended operating conditions (see note 3) cy29fct818atdmb cy29fct818t unit min nom max min nom max unit v cc supply voltage 4.5 5 5.5 4.75 5 5.25 v v ih high-level input voltage 2 2 v v il low-level input voltage 0.8 0.8 v i oh high-level output current ? 3 ? 32 ma i ol low-level output current 20 64 ma t a operating free-air temperature ? 55 125 ? 40 85  c note 3: all unused inputs of the device must be held at v cc   or gnd to ensure proper device operation. electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) parameter test conditions cy29fct818atdmb cy29fct818t unit parameter test   conditions min typ ? max min typ ? max unit v ik v cc  = 4.5 v, i in  =  ? 18 ma ? 0.7 ? 1.2 v v ik v cc  = 4.75 v, i in  =  ? 18 ma ? 0.7 ? 1.2 v v cc  = 4.5 v, i oh  =  ? 3 ma 2.4 3.3 v oh v cc = 4 75 v i oh  =  ? 32 ma 2 v v cc  =  4 . 75   v i oh  =  ? 15 ma 2.4 3.3 v ol v cc  = 4.5 v, i ol  = 20 ma 0.3 0.55 v v ol v cc  = 4.75 v, i ol  = 64 ma 0.3 0.55 v v hys all inputs 0.2 0.2 v i i v cc  = 5.5 v, v in  = v cc 5  a i i v cc  = 5.25 v, v in  = v cc 5  a i ih v cc  = 5.5 v, v in  = 2.7 v  1  a i ih v cc  = 5.25 v, v in  = 2.7 v  1  a i il v cc  = 5.5 v, v in  = 0.5 v  1  a i il v cc  = 5.25 v, v in  = 0.5 v  1  a i ozh v cc  = 5.5 v, v out  = 2.7 v 10  a i ozh v cc  = 5.25 v, v out  = 2.7 v 10  a i ozl v cc  = 5.5 v, v out  = 0.5 v ? 10  a i ozl v cc  = 5.25 v, v out  = 0.5 v ? 10  a i ? v cc  = 5.5 v, v out  = 0 v ? 60 ? 120 ? 225 ma i os ? v cc  = 5.25 v, v out  = 0 v ? 60 ? 120 ? 225 ma i off v cc  = 0 v, v out  = 4.5 v  1  1  a i cc v cc  = 5.5 v, v in     0.2 v, v in    v cc   ?  0.2 v 0.2 1.5 ma i cc v cc  = 5.25 v, v in     0.2 v, v in    v cc   ?  0.2 v 0.2 1.5 ma ? i cc v cc  = 5.5 v, v in  = 3.4 v  , f 1  = 0, outputs open 0.5 2 ma ? i cc v cc  = 5.25 v, v in  = 3.4 v  , f 1  = 0, outputs open 0.5 2 ma ? typical values are at v cc  = 5 v, t a  = 25  c. ? not more than one output should be shorted at a time. duration of short should not exceed one second. the use of high-speed tes t apparatus and/or sample-and-hold techniques are preferable to minimize internal chip heating and more accurately reflect operational valu es. otherwise, prolonged shorting of a high output can raise the chip temperature well above normal and cause invalid readings in other parame tric tests. in any sequence of parameter tests, i os  tests should be performed last.  per ttl-driven input (v in  = 3.4 v); all other inputs at v cc  or gnd

 cy29fct818t diagnostic scan register with 3-state outputs   sccs012b  ?  may 1994  ?  revised november 2001 5 post office box 655303  ?  dallas, texas 75265 electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) (continued) parameter test conditions cy29fct818atdmb cy29fct818t unit parameter test   conditions min typ ? max min typ ? max unit i ? v cc  = 5.5 v, outputs open, one input switching at 50% duty cycle, oe  = gnd, v in     0.2 v or v in    v cc   ?  0.2 v 0.25 ma/ i ccd ? v cc  = 5.25 v, outputs open, one input switching at 50% duty cycle, oe  = gnd, v in     0.2 v or v in    v cc   ?  0.2 v 0.25 mhz # one bit switching at f 1  = 5 mhz v in     0.2 v or  v in    v cc   ?  0.2 v 5.3 # v cc  = 5.5 v,  out p uts o p en 1 at 50% duty cycle v in  = 3.4 v or gnd 7.3 # out uts   oen ,  f 0  = 10 mhz,  oe  = gnd eight bits and four controls switching at f 1 = 5 mhz v in     0.2 v or  v in    v cc   ?  0.2 v 17.8 || i c # at   f 1  =  5   mhz at 50% duty cycle v in  = 3.4 v or gnd 30.8 || ma i c # one bit switching at f 1  = 5 mhz v in     0.2 v or  v in    v cc   ?  0.2 v 5.3 ma v cc  = 5.25 v,  out p uts o p en 1 at 50% duty cycle v in  = 3.4 v or gnd 7.3 out uts   oen ,  f 0  = 10 mhz,  oe  = gnd eight bits and four controls switching at f 1 = 5 mhz v in     0.2 v or  v in    v cc   ?  0.2 v 17.8 || at   f 1  =  5   mhz at 50% duty cycle v in  = 3.4 v or gnd 30.8 || c i 5 10 5 10 pf c o 9 12 9 12 pf ? typical values are at v cc  = 5 v, t a  = 25  c. ? this parameter is derived for use in total power-supply calculations. # i c = i cc  +  ? i cc     d h     n t  + i ccd  (f 0 /2 + f 1     n 1 ) where: i c = total supply current i cc = power-supply current with cmos input levels ? i cc = power-supply current for a ttl high input (v in  = 3.4 v) d h = duty cycle for ttl inputs high n t = number of ttl inputs at d h i ccd = dynamic current caused by an input transition pair (hlh or lhl) f 0 = clock frequency for registered devices, otherwise zero f 1 = input signal frequency n 1 = number of inputs changing at f 1 all currents are in milliamperes and all frequencies are in megahertz. || values for these conditions are examples of the i cc  formula.

 cy29fct818t diagnostic scan register with 3-state outputs   sccs012b  ?  may 1994  ?  revised november 2001 6 post office box 655303  ?  dallas, texas 75265 timing requirements over recommended operating free-air temperature range (unless otherwise noted) (see figure 1) parameter cy29fct818at cy29fct818ct unit parameter min max min max unit t pulse width pclk high and low 15 5 ns t w pulse   width dclk high and low 25 5 ns d before pclk  6 2 mode before pclk  15 3.5 y before dclk  5 2 t su setup time mode before dclk  12 3.5 ns sdi before dclk  10 3.5 dclk before pclk  15 3.5 pclk before dclk  45 8.5 d after pclk  2 1.5 mode after pclk  0 0 t h hold time y after dclk  5 1.5 ns mode after dclk  5 1.5 sdi after dclk  0 0 switching characteristics over operating free-air temperature range (see figure 1) parameter from to cy29fct818at cy29fct818ct unit parameter (input) (output) min max min max unit pclk y 12 6 t d mode sdo 18 7.2 ns t pd sdi sdo 18 7.1 ns dclk sdo 30 7.2 t pzl oe y 20 8 ns t pzl dclk d 35 9 ns t pzh oe y 20 8.5 ns t pzh dclk d 30 9 ns t plz oe y 20 5.5 ns t plz dclk d 45 5.5 ns t phz oe y 30 8 ns t phz dclk d 90 8 ns

 cy29fct818t diagnostic scan register with 3-state outputs   sccs012b  ?  may 1994  ?  revised november 2001 7 post office box 655303  ?  dallas, texas 75265 parameter measurement information 3 v 3 v 0 v 0 v t h t su voltage waveforms setup and hold times data input t plh t phl t phl t plh v oh v oh v ol v ol 3 v 0 v input out-of-phase output in-phase output timing input voltage waveforms propagation delay times inverting and noninverting outputs output control output waveform 1 (see note b) output waveform 2 (see note b) v ol v oh t pzl t pzh t plz t phz  3.5 v 0 v v ol   + 0.3 v  0 v 3 v voltage waveforms enable and disable times low- and high-level enabling t plh /t phl t plz /t pzl t phz /t pzh open 7 v open test s1 3 v 0 v t w voltage waveforms pulse duration input notes: a. c l  includes probe and jig capacitance. b. waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. c. the outputs are measured one at a time with one input transition per measurement. from output under test c l  = 50 pf (see note a) load circuit for 3-state outputs s1 7 v 500  ? gnd from output under test c l  = 50 pf (see note a) test point load circuit for totem-pole outputs open v oh   ?   0.3 v 500  ? 500  ? 1.5 v 1.5 v 1.5 v 1.5 v 1.5 v 1.5 v 1.5 v 1.5 v 1.5 v 1.5 v 1.5 v 1.5 v 1.5 v 1.5 v 1.5 v figure 1. load circuit and voltage waveforms

 package   option   addendum www.ti.com 25-oct-2016 addendum-page   1 packaging   information orderable   device status (1) package   type package drawing pins package qty eco   plan (2) lead/ball   finish (6) msl   peak   temp (3) op   temp   (c) device   marking (4/5) samples 5962-9682701qla active cdip jt 24 1 tbd a42 n   /   a   for   pkg   type -55   to   125 5962-9682701ql a cy29fct818atdm b cy29fct818atdmb active cdip jt 24 1 tbd a42 n   /   a   for   pkg   type -55   to   125 5962-9682701ql a cy29fct818atdm b CY29FCT818CTSOCt active soic dw 24 2000 green   (rohs &   no   sb/br) cu   nipdau level-1-260c-unlim -40   to   85 29fct818c   (1)   the   marketing   status   values   are   defined   as   follows: active:   product   device   recommended   for   new   designs. lifebuy:   ti   has   announced   that   the   device   will   be   discontinued,   and   a   lifetime-buy   period   is   in   effect. nrnd:   not   recommended   for   new   designs.   device   is   in   production   to   support   existing   customers,   but   ti   does   not   recommend   using   this   part   in   a   new   design. preview:   device   has   been   announced   but   is   not   in   production.   samples   may   or   may   not   be   available. obsolete:   ti   has   discontinued   the   production   of   the   device.   (2)  eco plan - the planned eco-friendly classification: pb-free (rohs), pb-free (rohs exempt), or green (rohs & no sb/br) - please check  http://www.ti.com/productcontent  for the latest availability information   and   additional   product   content   details. tbd:     the   pb-free/green   conversion   plan   has   not   been   defined. pb-free  (rohs):  ti's terms "lead-free" or "pb-free" mean semiconductor products that are compatible with the current rohs requirements for all 6 substances,  including the requirement that lead   not   exceed   0.1%   by   weight   in   homogeneous   materials.   where   designed   to   be   soldered   at   high   temperatures,   ti   pb-free   products   are   suitable   for   use   in   specified   lead-free   processes. pb-free  (rohs exempt):  this component has a rohs exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based   die adhesive used between the   die   and   leadframe.   the   component   is   otherwise   considered   pb-free   (rohs   compatible)   as   defined   above. green  (rohs & no sb/br):  ti defines "green" to mean pb-free (rohs compatible), and free of bromine (br)   and antimony (sb) based flame retardants (br or sb do not exceed 0.1% by weight in   homogeneous   material)   (3)   msl,   peak   temp.   -   the   moisture   sensitivity   level   rating   according   to   the   jedec   industry   standard   classifications,   and   peak   solder   temperature.   (4)   there   may   be   additional   marking,   which   relates   to   the   logo,   the   lot   trace   code   information,   or   the   environmental   category   on   the   device.   (5)  multiple device markings will be inside parentheses. only one device marking contained in parentheses and separated by a "~" will appear on a device. if a line is indented then it is a continuation of   the   previous   line   and   the   two   combined   represent   the   entire   device   marking   for   that   device.  

 package   option   addendum www.ti.com 25-oct-2016 addendum-page   2 (6)  lead/ball finish - orderable devices may have multiple material finish options. finish options are separated by a vertical ruled line. lead/ball finish values may wrap to two lines if the finish value   exceeds   the   maximum   column   width.   important  information and disclaimer: the  information provided on this page represents ti's knowledge and belief as of the date that it is provided. ti bases its knowledge and belief on information provided  by third parties, and makes no representation or warranty as to the accuracy of such information. efforts are underway to better integrate information from third parties. ti has taken and continues  to take reasonable  steps  to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals. ti   and   ti   suppliers   consider   certain   information   to   be   proprietary,   and   thus   cas   numbers   and   other   limited   information   may   not   be   available   for   release.   in   no   event   shall   ti's   liability   arising   out   of   such   information   exceed   the   total   purchase   price   of   the   ti   part(s)   at   issue   in   this   document   sold   by   ti   to   customer   on   an   annual   basis.  

 tape and reel information *all dimensions are nominal device package type package drawing pins spq reel diameter (mm) reel width w1 (mm) a0 (mm) b0 (mm) k0 (mm) p1 (mm) w (mm) pin1 quadrant CY29FCT818CTSOCt soic dw 24 2000 330.0 24.4 10.75 15.7 2.7 12.0 24.0 q1 package materials information www.ti.com 14-jul-2012 pack materials-page 1

 *all dimensions are nominal device package type package drawing pins spq length (mm) width (mm) height (mm) CY29FCT818CTSOCt soic dw 24 2000 367.0 367.0 45.0 package materials information www.ti.com 14-jul-2012 pack materials-page 2

 mechanical data mcer004a  january 1995  revised january 1997 post office box 655303  ?  dallas, texas 75265 jt (r-gdip-t**) ceramic dual-in-line 24 leads shown 4040110/c 08/96 b 0.200 (5,08) max 0.320 (8,13) 0.290 (7,37) 0.130 (3,30) min 0.008 (0,20) 0.014 (0,36) seating plane 13 12 0.030 (0,76) 0.070 (1,78) 0.015 (0,38) min a 24 1 0.100 (2,54) max 0.023 (0,58) 0.015 (0,38) 0.100 (2,54) 0  15   1.440 (37,08)  1.460  0.285 (7,39)  0.291 (36,58) (7,24) 28 pins **  1.280  1.240  0.300  0.245 (7,62) dim b  max a  max a  min b  min (6,22) 24 (32,51) (31,50) notes: a. all linear dimensions are in inches (millimeters). b. this drawing is subject to change without notice. c. this package can be hermetically sealed with a ceramic lid using glass frit. d. index point is provided on cap for terminal identification. e. falls within mil std 1835 gdip3-t24, gdip4-t28, and jedec mo-058 aa, mo-058 ab



 important notice texas instruments incorporated (ti) reserves the right to make corrections, enhancements, improvements and other changes to its semiconductor products and services per jesd46, latest issue, and to discontinue any product or service per jesd48, latest issue. buyers should obtain the latest relevant information before placing orders and should verify that such information is current and complete. ti ? s published terms of sale for semiconductor products ( http://www.ti.com/sc/docs/stdterms.htm ) apply to the sale of packaged integrated circuit products that ti has qualified and released to market. additional terms may apply to the use or sale of other types of ti products and services. reproduction of significant portions of ti information in ti data sheets is permissible only if reproduction is without alteration and is accompanied by all associated warranties, conditions, limitations, and notices. ti is not responsible or liable for such reproduced documentation. information of third parties may be subject to additional restrictions. resale of ti products or services with statements different from or beyond the parameters stated by ti for that product or service voids all express and any implied warranties for the associated ti product or service and is an unfair and deceptive business practice. ti is not responsible or liable for any such statements. buyers and others who are developing systems that incorporate ti products (collectively, ? designers ? ) understand and agree that designers remain responsible for using their independent analysis, evaluation and judgment in designing their applications and that designers have full and exclusive responsibility to assure the safety of designers ' applications and compliance of their applications (and of all ti products used in or for designers ? applications) with all applicable regulations, laws and other applicable requirements. designer represents that, with respect to their applications, designer has all the necessary expertise to create and implement safeguards that (1) anticipate dangerous consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that might cause harm and take appropriate actions. designer agrees that prior to using or distributing any applications that include ti products, designer will thoroughly test such applications and the functionality of such ti products as used in such applications. ti ? s provision of technical, application or other design advice, quality characterization, reliability data or other services or information, including, but not limited to, reference designs and materials relating to evaluation modules, (collectively, ? ti resources ? ) are intended to assist designers who are developing applications that incorporate ti products; by downloading, accessing or using ti resources in any way, designer (individually or, if designer is acting on behalf of a company, designer ? s company) agrees to use any particular ti resource solely for this purpose and subject to the terms of this notice. ti ? s provision of ti resources does not expand or otherwise alter ti ? s applicable published warranties or warranty disclaimers for ti products, and no additional obligations or liabilities arise from ti providing such ti resources. ti reserves the right to make corrections, enhancements, improvements and other changes to its ti resources. ti has not conducted any testing other than that specifically described in the published documentation for a particular ti resource. designer is authorized to use, copy and modify any individual ti resource only in connection with the development of applications that include the ti product(s) identified in such ti resource. no other license, express or implied, by estoppel or otherwise to any other ti intellectual property right, and no license to any technology or intellectual property right of ti or any third party is granted herein, including but not limited to any patent right, copyright, mask work right, or other intellectual property right relating to any combination, machine, or process in which ti products or services are used. information regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or endorsement thereof. use of ti resources may require a license from a third party under the patents or other intellectual property of the third party, or a license from ti under the patents or other intellectual property of ti. ti resources are provided ? as is ? and with all faults. ti disclaims all other warranties or representations, express or implied, regarding resources or use thereof, including but not limited to accuracy or completeness, title, any epidemic failure warranty and any implied warranties of merchantability, fitness for a particular purpose, and non-infringement of any third party intellectual property rights. ti shall not be liable for and shall not defend or indemnify designer against any claim, including but not limited to any infringement claim that relates to or is based on any combination of products even if described in ti resources or otherwise. in no event shall ti be liable for any actual, direct, special, collateral, indirect, punitive, incidental, consequential or exemplary damages in connection with or arising out of ti resources or use thereof, and regardless of whether ti has been advised of the possibility of such damages. unless ti has explicitly designated an individual product as meeting the requirements of a particular industry standard (e.g., iso/ts 16949 and iso 26262), ti is not responsible for any failure to meet such industry standard requirements. where ti specifically promotes products as facilitating functional safety or as compliant with industry functional safety standards, such products are intended to help enable customers to design and create their own applications that meet applicable functional safety standards and requirements. using products in an application does not by itself establish any safety features in the application. designers must ensure compliance with safety-related requirements and standards applicable to their applications. designer may not use any ti products in life-critical medical equipment unless authorized officers of the parties have executed a special contract specifically governing such use. life-critical medical equipment is medical equipment where failure of such equipment would cause serious bodily injury or death (e.g., life support, pacemakers, defibrillators, heart pumps, neurostimulators, and implantables). such equipment includes, without limitation, all medical devices identified by the u.s. food and drug administration as class iii devices and equivalent classifications outside the u.s. ti may expressly designate certain products as completing a particular qualification (e.g., q100, military grade, or enhanced product). designers agree that it has the necessary expertise to select the product with the appropriate qualification designation for their applications and that proper product selection is at designers ? own risk. designers are solely responsible for compliance with all legal and regulatory requirements in connection with such selection. designer will fully indemnify ti and its representatives against any damages, costs, losses, and/or liabilities arising out of designer ? s non- compliance with the terms and provisions of this notice. mailing address: texas instruments, post office box 655303, dallas, texas 75265 copyright ? 2017, texas instruments incorporated
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