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		  Datasheet File OCR Text:


		  tisp4015l1aj, tisp4030l1aj, tisp4040l1aj tisp4015l1bj, tisp4030l1bj, tisp4040l1bj very low voltage bidirectional overvoltage protectors product  information 1 august 1999 ? revised march 2002 copyright ? 2002, power innovations limited, uk information is current as of publication date. products conform to specifications in accordance with the terms of power innovations standard warranty. production processing does not necessarily include testing of all parameters. selv telecommunication line overvoltage protection a bourns company     low capacitance ?4015  . . . . . . . . . . . . . . . . . . . . . . . . . . . 28 pf ?4030  . . . . . . . . . . . . . . . . . . . . . . . . . . . 27 pf ?4040  . . . . . . . . . . . . . . . . . . . . . . . . . . . 23 pf     digital line signal level protection ? isdn ? xdsl      safety extra low voltage, selv, values     30 a ?l? series specified for: itu-t recommendations k.20, k.45, k.21 fcc part 68 and gr-1089-core     available in sma and smb packages sma saves 25 % placement area over smb device v drm v v (bo) v ?4015  8  15 ?4030  15  30 ?4040  25  40 wave shape standard i tsp a 2/10 s gr-1089-core 150 8/20 s iec 61000-4-5 120 10/160 s fcc part 68 65 10/700 s itu-t k.20/45/21 fcc part 68 45 10/560 s fcc part 68 35 10/1000 s gr-1089-core 30  description these devices are designed to limit overvoltages on digital telecommunication lines. overvoltages are normally caused by a.c. power system or lightning flash disturbances which are induced or conducted on to the telephone line. a single device provides 2-point protection and is typically used for the protection of transformer windings and low voltage electronics. the protector consists of a symmetrical voltage-triggered bidirectional thyristor. overvoltages are initially clipped by breakdown clamping until the voltage rises to the breakover level, which causes the device to crowbar into a low-voltage on-state condition. this low-voltage on state causes the current resulting from the overvoltage to be safely diverted through the device. the device switches off when the diverted current falls below the holding current value.   how to order device package carrier order as tisp40xxl1 sma/do-214ac j-bend (aj) embossed tape reeled (r) tisp40xxl1ajr smb/do-214aa j-bend (bj) tisp40xxl1bjr insert xx value corresponding to protection voltages of 15 v, 30 v and 40 v device symbol t r sd4xaa t erminals t and r correspond to the  alternative line designators of a and b mdxxcca sma package (top view) 12 r (b) t (a) 12 smb package (top view) mdxxbgh r (b) t (a)

 tisp4015l1aj, tisp4030l1aj, tisp4040l1aj tisp4015l1bj, tisp4030l1bj, tisp4040l1bj very low voltage bidirectional overvoltage protectors 2 august 1999 ? revised march 2002 product  information absolute maximum ratings, t a = 25 c (unless otherwise noted) rating symbol value unit repetitive peak off-state voltage  ?4015 ?4030 ?4040 v drm 8 15  25 v non-repetitive peak on-state pulse current (see notes 1 and 2) i tsp a 2/10 s (telcordia gr-1089-core, 2/10 s voltage wave shape) 8/20 s (iec 61000-4-5, combination wave generator, 1.2/50 voltage, 8/20 current) 10/160 s (fcc part 68, 10/160 s voltage wave shape) 5/310 s (itu-t k.20/45/21, 10/700 s voltage wave shape) 5/320 s (fcc part 68, 9/720 s voltage wave shape) 10/560 s (fcc part 68, 10/560 s voltage wave shape) 10/1000 s (telcordia gr-1089-core, 10/1000 s voltage wave shape)  150  120 65 45 45 35 30 non-repetitive peak on-state current (see notes 1 and 2) i tsm a 20 ms (50 hz) full sine wave 16.7 ms (60 hz) full sine wave 0.2 s 50 hz/60 hz a.c. 2s 50hz/60hz a.c. 1000 s 50 hz/60 hz a.c. 20 22 13 5 1.8 initial rate of rise of current (2/10 waveshape) di/dt 130 a/s maximum junction temperature t jm 150 c storage temperature range t stg -65 to +150 c notes: 1. initially the device must be in thermal equilibrium with t j =25c. 2. the surge may be repeated after the device returns to its initial conditions. electrical characteristics for the r and t terminals, t a =25c parameter test conditions min typ max unit i drm repetitive peak off-state  current  v d =v drm 5 a v (bo) breakover voltage di/dt = 0.8 a/ms ?4015 ?4030 ?4040 15 30 40 v v (bo) impulse breakover  voltage dv/dt  1000 v/s, linear voltage ramp,  maximum ramp value = 500 v di/dt = 5 a/s, linear current ramp,  maximum ramp value = 10 a ?4015 ?4030 ?4040 34 50 63 v i (bo) breakover current di/dt = 0.8 a/ms 0.8 a i d off-state current v d =6v v d =13v v d =22v ?4015 ?4030 ?4040 2 a i h holding current i t = 5 a, di/dt = +/-30 ma/ms 50 ma

 3 august 1999 ? revised march 2002 tisp4015l1aj, tisp4030l1aj, tisp4040l1aj tisp4015l1bj, tisp4030l1bj, tisp4040l1bj very low voltage bidirectional overvoltage protectors product  information c off off-state capacitance f=1mhz, v d =1v rms, v d =0 f=1mhz, v d =1v rms, v d =1v f=1mhz, v d =1v rms, v d =2v ?4015 ?4030 ?4040 ?4015 ?4030 ?4040 ?4015 ?4030 ?4040 28 27 23 25 24 20 23 22 18 36 35 29 33 31 26 30 29 24 pf thermal characteristics parameter test conditions min typ max unit r  ja junction to free air thermal resistance  eia/jesd51-3 pcb, i t  = i tsm(1000) , sma t a  = 25 c, (see note 3) smb 125 120 c/w 265 mm x 210 mm populated line card,  sma 4-layer pcb, i t  = i tsm(1000) , t a  = 25 c smb 60 55 note 3:  eia/jesd51-2 environment and pcb has standard footprint dimensions connected with 5 a rated printed wiring track widths. electrical characteristics for the r and t terminals, t a = 25 c  (continued) parameter test conditions min typ max unit

 tisp4015l1aj, tisp4030l1aj, tisp4040l1aj tisp4015l1bj, tisp4030l1bj, tisp4040l1bj very low voltage bidirectional overvoltage protectors 4 august 1999 ? revised march 2002 product  information parameter measurement information figure 1.  voltage-current characteristic for t and r terminals all measurements are referenced to the r terminal     -v v drm i drm v d i h i tsm i tsp v (bo) i (bo) i d quadrant i switching characteristic +v +i v (bo) i (bo) v drm i drm v d i d i h i tsm i tsp -i quadrant iii switching characteristic pm4ac

 5 august 1999 ? revised march 2002 tisp4015l1aj, tisp4030l1aj, tisp4040l1aj tisp4015l1bj, tisp4030l1bj, tisp4040l1bj very low voltage bidirectional overvoltage protectors product  information typical characteristics figure 2.   figure 3.   figure 4.   figure 5.   off-state current vs junction temperature t a  ? ambient temperature ? c 0 50 100 150 i d  ? off-state current ? na 0.1 1 10 100 1000 10000 tc4lvc '4015l1 '4030l1 '4040l1 normalised breakover voltage vs junction temperature t j  - junction temperature - c -25 0 25 50 75 100 125 150 normalised breakover voltage 0.95 1.00 1.05 1.10 tc4lve '4015l1 '4040l1 '4030l1 on-state current vs on-state voltage v t  ? on-state voltage ? v 23456 1 i t  ? on-state current ? a 0.2 0.3 0.5 0.7 2 3 5 7 20 30 50 70 0.1 1 10 tc4lvb normalised holding current vs junction temperature t j  - junction temperature - c -25 0 25 50 75 100 125 150 normalised holding current 0.4 0.5 0.6 0.7 0.8 0.9 1.5 2.0 1.0 tc4lvd

 tisp4015l1aj, tisp4030l1aj, tisp4040l1aj tisp4015l1bj, tisp4030l1bj, tisp4040l1bj very low voltage bidirectional overvoltage protectors 6 august 1999 ? revised march 2002 product  information typical characteristics figure 6.   capacitance vs off-state voltage v d  - off-state voltage - v  0.01 0.02 0.05 0.1 0.2 0.5 1 2 3 5 10 20 30 c off  ? capacitance ? pf 15 20 30 10 tc4l1aa t j  = 25 c v d  = 1 vrms '4040l1 '4030l1 '4015l1

 7 august 1999 ? revised march 2002 tisp4015l1aj, tisp4030l1aj, tisp4040l1aj tisp4015l1bj, tisp4030l1bj, tisp4040l1bj very low voltage bidirectional overvoltage protectors product  information rating and thermal information figure 7.   figure 8.   non-repetitive peak on-state current vs current duration t - current duration - s 0.01 0.1 1 10 100 1000 i tsm(t)  -  non-repetitive peak on-state current - a 1.5 2 3 4 5 6 7 8 9 15 20 30 10 ti4mai v gen  = 600 vrms, 50/60 hz r gen  = 1.4*v gen /i tsm(t) eia/jesd51-2 environment eia/jesd51-3 pcb t a  = 25 c v drm  derating factor vs minimum ambient temperature t amin  - minimum ambient temperature - c -35 -25 -15 -5 5 15 25 -40 -30 -20 -10 0 10 20 derating factor 0.95 0.96 0.97 0.98 0.99 1.00 ti4lva '4015l1 '4030l1 '4040l1

 tisp4015l1aj, tisp4030l1aj, tisp4040l1aj tisp4015l1bj, tisp4030l1bj, tisp4040l1bj very low voltage bidirectional overvoltage protectors 8 august 1999 ? revised march 2002 product  information applications information transformer protection the inductance of a transformer winding reduces considerably when the magnetic core material saturates. saturation occurs when the magnetising current through the winding inductance exceeds a certain value. it should be noted that this is a different current to the transformed current component from primary to secondary. the standard inductance-current relationship is: where: l  = unsaturated inductance value in h di  = current change in a dt  = time period in s for current change di  e  = winding voltage in v re-arranging this equation and working large  ?  changes to saturation gives the useful circuit relationship of: a transformer winding volt-second value for saturation gives the designer an idea of circuit operation under overvoltage conditions. the volt-second value is not normally quoted, but most manufacturers should provide it on request. a 50 vs winding will support rectangular voltage pulses of 50 v for 1 s, 25 v for 2 s, 1 v for 50 s and so on. once the transformer saturates, primary to secondary coupling will be lost and the winding resistance, rw, shunts the overvoltage protector, th1, see figure 9. this saturated condition is a concern for long duration impulses and a.c. fault conditions because the current capability of the winding wire may be exceeded. for example, if the on-state voltage of the protector is 1 v and the winding resistance is 0.2 ? , the winding would bypass a current of 1/0.2 = 5 a, even through the protector was in the low voltage condition. figure 10 shows a generic protection arrangement. resistors r1 and r2, together with the overcurrent protection, prevent excessive winding current flow under a.c. conditions. normally these resistors would only be needed for special cases, e.g. some t1/e1 designs. alternatively, a split winding could be used with a single resistor connecting the windings. this resistor could be by-passed by a small capacitor to reduce signal attenuation. overcurrent protection upstream from the overvoltage protector can be fuse, ptc or thick film resistor based. for very high frequency circuits, fuse inductance due to spiral wound elements may need to be evaluated. figure 9.  transformer saturation figure 10.  transformer winding protection el di dt ---- - ?? ?? ? = e ? t  l ? i  = ai4xao th1 t1 unsaturated l rw th1 t1 saturated th1 signal t1 over- current protection line r1 r2 ai4xan

 9 august 1999 ? revised march 2002 tisp4015l1aj, tisp4030l1aj, tisp4040l1aj tisp4015l1bj, tisp4030l1bj, tisp4040l1bj very low voltage bidirectional overvoltage protectors product  information tisp ?  voltage selection normally the working voltage value of the protector, v drm , would be chosen to be just greater than the peak signal amplitude over the equipment temperature range. this would give the lowest possible protection voltage, v (bo) . this would minimise the peak voltage applied to the transformer winding and increase the time to core saturation. in high frequency circuits there are two further considerations. low voltage protectors have a higher capacitance than high voltage protectors. so a higher voltage protector might be chosen specifically to reduce the protector capacitive effects on the signal. low energy short duration spikes will be clipped by the protector. this will extend the spike duration and the data loss time. a higher protector voltage will reduce the data loss time. generally this will not be a significant factor for inter-conductor protection.  however, clipping is significant for protection to ground, where there is continuous low-level a.c. common mode induction. in some cases the induced a.c. voltage can be over 10 v. repetitive clipping at the induced a.c. peaks by the protector would cause severe data corruption. the expected a.c. voltage induced should be added to the maximum signal level for setting the protector v drm  value.  2-wire digital systems typical systems using a single twisted pair connection are: integrated services digital network (isdn) and pair gain.  signal level protection at the transformer winding is given by protectors th3 and th5. typically these could be tisp4015l1 type devices with a 15 v voltage protection level. two line protection circuits are given; one referenced to ground using th1 and th2 (left) and the other inter- wire using protector th4 (right), see figure 11. for isdn circuits compliant to etsi etr 080:1993, ranges 1 and 2 can be protected by the following device types: tisp4095m3, tisp4095h3, tisp3095h3 (combines th1 and th2) and tisp7095h3 (combines th1, th2 and th4). ranges 4 through 5 can be protected by: tisp4145m3, tisp4145h3, tisp3145h3 (combines th1 and th2) and tisp7145h3 (combines th1, th2 and th4). device surge requirement, 200 a, 5/310 ?h? or 100 a, 5/310 ?m?, will be set by the overcurrent protection components and the standards complied with. protection of just the d.c. feed to etsi ranges is covered in the tisp5xxxh3 data sheet. figure 11.  2-wire system ai4xal signal transformer coupled two-wire interface dc supply th5 th4 c2 t2 over- current protection line th1 th2 th3 over- current protection dc feed signal c1 t1

 tisp4015l1aj, tisp4030l1aj, tisp4040l1aj tisp4015l1bj, tisp4030l1bj, tisp4040l1bj very low voltage bidirectional overvoltage protectors 10 august 1999 ? revised march 2002 product  information when loop test voltages exceed the normal d.c. feed levels, higher voltage protectors need to be selected. for two terminal protectors, for levels up to 190 v (135 v rms) the tisp4250, h3 or m3, can be used and for 210 v (150 v rms) the tisp4290, h3 or m3, can be used. in pair gain systems, the protector v drm  is normally set by the d.c. feed value. the following series of devices have a 160 v working voltage at 25 c: tisp4220m3, tisp4220h3, tisp3210h3 (combines th1 and th2) and tisp7210h3 (combines th1, th2 and th4). these devices can be used on 150 v d.c. feed voltages down to an ambient temperature of -25 c. where the subscriber equipment may be exposed to pots (plain old telephone service) voltage levels, protector th4 needs a higher working voltage of about 275 v. suitable device types are: tisp4350m3, tisp4350h3, tisp3350h3 (combines th1 and th2) and tisp7350h3 (combines th1, th2 and th4). the overcurrent protection for the overvoltage protector can be fuse, ptc or thick film resistor based. its a.c. limiting capability should be less than the ratings of the intended overvoltage protector. equipment complying with the year 2000 international k.20, k.21 and k.45 recommendations from the itu-t, may be required to demonstrate protection co-ordination with the intended primary protector. without adding series resistance, a simple series fuse overcurrent protection is likely to fail the equipment for this part of the recommendation. if the d.c. feed consists of equal magnitude positive and negative voltage supplies, appropriately connected tisp5xxxh3 unidirectional protectors could replace th1 and th2. 4-wire digital systems a typical system using a two twisted pair connection is the high-bit-rate digital subscriber line (hdsl) and the ?s? interface of isdn.  figure 12 shows a generic two line system. hdsl tends to have ground referenced protection at both ends of the lines (th1, th2, th3 and th4). the isdn ?s? interface is often inside the premises and simple inter-wire protection is used at the terminating adaptor (th7 and th8). in all cases, signal protection, th5, th6, th9 and th10, can be tisp4015l1 type devices with a 15 v voltage protection level.  figure 12.  4-wire system ai4xam dc feed th9 signal th10 signal transformer coupled four-wire interface th7 th8 t3 t4 over- current protection over- current protection line 1 line 2 over- current protection over- current protection th5 th6 th1 th2 th3 th4 dc supply signal signal t1 t2

 11 august 1999 ? revised march 2002 tisp4015l1aj, tisp4030l1aj, tisp4040l1aj tisp4015l1bj, tisp4030l1bj, tisp4040l1bj very low voltage bidirectional overvoltage protectors product  information for an hdsl d.c. feed voltage of 180 v or less and operation down to an ambient of -25 c, the following th1, th2, th3 and th4 protectors are suitable: tisp4250m3 or tisp4250h3, tisp3250h3 (combines th1 and th2 or th3 and th4) and tisp7250h3 (combines th1, th2 and th7 or th3, th4 and th8). possible overcurrent protection components are covered in the 2-wire digital systems clause. isdn interfaces powered with 40 v (etsi, ets 300 012 1992) the following th1, th2, th3 and th4 protectors are suitable: tisp4070m3 or tisp4070h3 or tisp4070l3, tisp3070f3 or tisp3070h3 (combines th1 and th2 or th3 and th4) and tisp7070f3 or tisp7070h3 (combines th1, th2 and th7 or th3, th4 and th8). at the terminating adaptor, the th7 and th8 protectors do not ?see? the d.c. feed voltage and should be selected to not clip the maximum signal level. generally the tisp40xxl1 series will be suitable. internal isdn lines are not exposed to high stress levels and the chances of a.c. power intrusion are low (etsi en 300 386-2 1997). accordingly the equipment port protection needs are at a lower level than ports connected to outside lines. home phone networking using the existing house telephone wiring, home phone networking systems place the local network traffic in a high band above the pots and adsl (asymmetrical digital subscriber line) spectrum. local network rates are 1 mbps or more. to reject noise and harmonics, an in-line protection and 5 mhz to 10 mhz bandpass filter module is used for the equipment. these modules are available from magnetic component manufactures (e.g. bel fuse inc.) a typical circuit for the telephone line magnetics module is shown in figure 13. transformer t1 isolates the equipment from the house wiring. the isolated winding output is voltage limited by a very low-voltage protector, th1. with a differential voltage of about 12 v peak to peak, the tisp4015l1 could be used for th1. after filtering, connection is made to the differential transceiver of the processing ic. figure 13.  home phone networking isolation/filter/protection circuit ai4xap th1 filter c1 t1 tip ring protection hrtrx+ hrtrx-

 tisp4015l1aj, tisp4030l1aj, tisp4040l1aj tisp4015l1bj, tisp4030l1bj, tisp4040l1bj very low voltage bidirectional overvoltage protectors 12 august 1999 ? revised march 2002 product  information mechanical data recommended printed wiring land pattern dimensions.   device symbolization devices are coded as below. as the device parameters are symmetrical, terminal 1 is not identified. carrier information for production quantities the carrier will be embossed tape reel pack. evaluation quantities may be shipped in bulk pack or embossed tape.  sma pack age symbolization  code smb package symbolization  code tisp4015l1aj 4015l tisp4015l1bj 4015l1 tisp4030l1aj 4030l tisp4030l1bj 4030l1 tisp4040l1aj 4040l tisp4040l1bj 4040l1 package carrier standard quantity sma embossed tape reel pack 5 000 smb 3 000  sma land pattern mdxxbic all linear dimensions in millimeters and parenthetically in inches 2,34 [.092] 1,90 [.075] 2,16 [.085]  smb land pattern mdxxbib all linear dimensions in millimeters and parenthetically in inches 2,54 [.100] 2,40 [.095] 2,16 [.085]

 13 august 1999 ? revised march 2002 tisp4015l1aj, tisp4030l1aj, tisp4040l1aj tisp4015l1bj, tisp4030l1bj, tisp4040l1bj very low voltage bidirectional overvoltage protectors product  information mechanical data sma (do-214ac) plastic surface mount diode package this surface mount package consists of a circuit mounted on a lead frame and encapsulated within a plastic compound. the compound will withstand soldering temperature with no deformation, and circuit performance characteristics will remain stable when operated in high humidity conditions. leads require no additional cleaning or processing when used in soldered assembly. sma mdxxcaa 4,57 [.180] 4,06 [.160] 5,59 [.220] 4,83 [.190] 2,92 [.115] 2,29 [.090] 2,40 [.095] 2,00 [.079] 2,16 [.085] 1,58 [.062] 1,52 [.060] 0,76 [.030] 0,20 [.008] 0,10 [.004] 1,63 [.064] 1,27 [.050] 2 index mark (if needed) all linear dimensions in millimeters and parenthetically in inches

 tisp4015l1aj, tisp4030l1aj, tisp4040l1aj tisp4015l1bj, tisp4030l1bj, tisp4040l1bj very low voltage bidirectional overvoltage protectors 14 august 1999 ? revised march 2002 product  information mechanical data tape dimensions notes:  a.  the clearance between the component and the cavity must be within 0,05 mm (.002 in) min. to 0,65 mm (.026 in)                     max. so that the component cannot rotate more than 20 within the determined cavity.   b.  taped devices are supplied on a reel of the following dimensions:-             reel diameter:  330 mm 3,0 mm (12.99 in .12 in)         reel hub diameter  75 mm (2.95 in) min.         reel axial hole:  13,0 mm 0,5 mm (.51 in .02 in)   c.   5 000 devices per reel. mdxxcga index mark (if needed) 4,10 [.161] 3,90 [.154] 4,50 [.177] max. sma package single-sprocket tape all linear dimensions in millimeters and parenthetically in inches direction of feed 0 min. 12,30 [.484] 11,70 [.461] 1,65 [.065] 1,55 [.061] 4,10 [.161] 3,90 [.154] 2,05 [.081] 1,95 [.077]        1,5 [.059] min. carrier tape embossment 5,55 [.219] 5,45 [.215] 1,85 [.073] 1,65 [.065] cover tape 8,20 [.323] max. 20 typical component cavity centre line maximum component rotation typical component centre line 0,40 [.016] max.

 15 august 1999 ? revised march 2002 tisp4015l1aj, tisp4030l1aj, tisp4040l1aj tisp4015l1bj, tisp4030l1bj, tisp4040l1bj very low voltage bidirectional overvoltage protectors product  information mechanical data smb (do-214aa) plastic surface mount diode package this surface mount package consists of a circuit mounted on a lead frame and encapsulated within a plastic compound. the compound will withstand soldering temperature with no deformation, and circuit performance characteristics will remain stable when operated in high humidity conditions. leads require no additional cleaning or processing when used in soldered assembly. smb mdxxbhab 2 index mark (if needed) all linear dimensions in millimeters and parenthetically in inches 4,57 [.180] 4,06 [.160] 3,94 [.155] 3,30 [.130] 2,40 [.095] 2,00 [.079] 1,52 [.060] 0,76 [.030] 2,10 [.083] 1,90 [.075] 5,59 [.220] 5,21 [.205] 0,20 [.008] 0,10 [.004] 2,32 [.091] 1,96 [.077]

 tisp4015l1aj, tisp4030l1aj, tisp4040l1aj tisp4015l1bj, tisp4030l1bj, tisp4040l1bj very low voltage bidirectional overvoltage protectors 16 august 1999 ? revised march 2002 product  information mechanical data tape dimensions smb package single-sprocket tape notes:  a.  the clearance between the component and the cavity must be within 0,05 mm (.002 in) min. to 0,65 mm (.026 in)                     max. so that the component cannot rotate more than 20 within the determined cavity.   b.  taped devices are supplied on a reel of the following dimensions:-             reel diameter:  330 mm 3,0 mm (12.99 in .118 in)         reel hub diameter  75 mm (2.95 in) min.         reel axial hole:  13,0 mm 0,5 mm (.512 in .020 in)   c.   3000 devices per reel. mdxxbja direction of feed 0 min. carrier tape embossment` cover tape 20 typical component cavity centre line maximum component rotation typical component centre line index mark (if needed) 3,90 - 4,10 (.154 - .161) 1,95 - 2,05 (.077 - .081) 1,55 -  1,65 (.061 - .065) max. 0,40 (.016) max. 4,5 (.177) max. 8,20 (.323) 11,70 -  12,30 (.461 - .484) 5,45 -  5,55 (.215 - .219)       min. 1,5 (.059) 1,65 -  1,85 (.065 - .073) 7,90 - 8 ,10 (.311 - .319) all linear dimensions in millimeters and parenthetically in inches

 17 august 1999 ? revised march 2002 tisp4015l1aj, tisp4030l1aj, tisp4040l1aj tisp4015l1bj, tisp4030l1bj, tisp4040l1bj very low voltage bidirectional overvoltage protectors product  information important notice power innovations limited (pi) reserves the right to make changes to its products or to discontinue any semiconductor product or service without notice, and advises its customers to verify, before placing orders, that the information being relied on is current. pi warrants performance of its semiconductor products to the specifications applicable at the time of sale in accordance with pi's standard warranty. testing and other quality control techniques are utilized to the extent pi deems necessary to support t his warranty. specific testing of all parameters of each device is not necessarily performed, except those mandated by government requirements. pi assumes no liability for applications assistance, customer product design, software performance, or infringement of patents or services described herein. nor is any license, either express or implied, granted under any patent right, copyright, design right, or other intellectual property right of pi covering or relating to any combination, machine, or process in which such semiconductor products or services might be or are used.  pi semiconductor products are not designed, intended, authorised, or warranted to be suitable for use in life-support applications, devices or systems. copyright ? 2002, power innovations limited
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